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Disclaimer
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Welcome to the 2025 retreat of the NITH/FDA Immunology Interest Group.

Dear Fellow Immunologists,

The NIH/FDA Immunology Interest Group (IIG) Steering Committee welcomes you to the 2025 NIH/FDA IIG
Workshop. As always, we have a full meeting, and the steering committee is grateful for the support of the NIH/FDA
immunology community. This Workshop and the IIG weekly seminar series are made possible by the generous finan-
cial support of the following organizations: NIAID (DIR), NCI, FDA/CBER, FDA/OCE, FDA/CDER, NHLBI, NIAMS,
NHGRI, NINDS,VRC (NIAID), NIDCR, NEI, NIA, NIDCD, NIEHS, NIAAA, NIDDK, NICHD. Please be sure to thank
your Scientific Directors for their support.

Intramural NIH scientists and affiliated FDA researchers represent the largest concentration of professional im-
munologists in the world. Itis our mission to carry out research into disease mechanisms and to develop the scientific
basis for therapeutically beneficial treatments and cures, as well as to identify effective measures to prevent disease.
This Workshop is a critical part of this mission. It is a rare opportunity for immunologists of all levels, from multiple
sub-disciplines, across multiple institutes and agencies, to come together to exchange ideas and to discover common
ground across fields of inquiry. Moreover, this workshop is a vital step in training the next generation of biomedical
researchers who will continue to advance human health.

It is the goal of this meeting to provide an opportunity for discussion and discovery. In particular, by being in-
person only event, we would like to maximize scientific discussions and networking. Please take every opportunity
to ask questions at the talks and poster sessions, interact with one another, and share your work. We hope that you
will give and receive constructive feedback and succeed in creating new networks of collaboration that will accelerate
discovery and development. We hope to have many exciting and stimulating scientific interactions at this workshop.

In addition to the stellar sessions highlighting the work of trainees and new investigators, we will celebrate Dr.
Howard Young whose 40+ year career at NCI has led to monumental discoveries about the role of interferons in in-
flammation and autoimmunity. We have put together a scientific session comprised of a few of his former trainees
who have gone to have rewarding careers of their own, including Dr. Julio Valencia (NCI) and Dr. Enitome Bafor
(NCI).

We thank IIG committee member Evaristus Mbanefo (NEI) and Grégoire Altan-Bonnet (NCI) for compiling this
booklet.

We are especially grateful to our gurus, Dr. Mariana Kaplan (NIAMS), Dr. Naomi Taylor (NCI) and Dr. Grégoire
Altan-Bonnet (NCI) for their active participation in the 2025 workshop.

Special thanks to Danielle Siler and Jenny Sarnecki of the NCI Frederick Conference Planning Unit for their su-
perb job of overseeing the technical aspects of the conference. Thank you to Linda Grove for expertly overseeing all
budgetary aspects of our Immunology Interest Group.

Finally, we thank you all for once again sharing your time, knowledge, and data during these two days of scientific
presentations and insightful discussions.

Welcome and enjoy!

Nihal Altan-Bonnet & Brian Kelsall
on behalf of the IIG Steering Committee
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The members of the 2024-2025 Steering Committee
of the NIH/FDA Immunology Interest Group are:
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Mo, Fei (FDA/CBER) [Fei.Mo@fda.hhs.gov]
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Shih, Han-Yu (NIH/NEI) [han-yu.shih@nih.gov]

Sung, Mia (NIH/NIA/IRP)  [sungm@mail.nih.gov]
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Verthelyi, Daniela V (FDA/CDER) [Daniela.Verthelyi@fda.hhs.gov]
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Please visit our website at:
https://www.niaid.nih.gov/research/immunology-interest-group
for continued news about our IIG community.
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PROGRAM DAY 1- MONDAY MARCH 37" 2025

7:30- 8:15 Registration (UDC Theatre)

8:30-8:45 Welcome remarks

Nihal Altan-Bonnet (NHLBI) and Brian Kelsall (NIAID)

8:45-10:00 Session 1: New Investigators (UDC Theatre)
Chairs Eric Dang (NIAID) and Han-Yu Shih (NEI)

Neeltje van Doremalen (Rocky Mountain Labs, NIAID)
Towards improved vaccines for respiratory viruses: Exploring mucosal immunology

Rosa Nguyen (NCI)
LA-4-targeted radiopharmaceutical therapy to enhance CAR T-cells in solid tumors

Leah Katzelnick (NIAID)
The development of broad protective immunity against dengue viruses 1-4

Sarah Andrews (VRC, NIAID)

Influenza virus exposure shapes the B cell response to influenza vaccination fifty years
later

10:00-10:30 Coffee and snacks (UDC Theatre)



10:30-11:30 Session 2: Cancer Immunology (UDC Theatre)
Chairs: Fei Mo (FDA) and Lydia Roberts (NIAID)

Wei Zhang (NCI)
The CSF-1R inhibitor BLZ945 both prevents and treats established triple-negative breast
cancer brain metastases in hematogenous preclinical models.

Victoria Dulemba (NCI)
Reactivity, Specificity, and Phenotypes of Antitumor CD8+ T-Cells Within Human
Tumor Draining Lymph Nodes.

Sigrid Dubois (NCI)
Engineering of NK cells to express tumor targeting T-cell receptor and membrane
tethered IL-15/IL-21 improves antitumor activity in solid tumors.

Thomas Madsen (NCI)
Intraviral Imaging of the myeloid immune cell landscape during the initiation and
progression of squamous cell carcinoma.

Emily Steffke (NCI)
Tumor-Specific Resident Memory T Cells Induced by Viral Vector Vaccination Mediate
Protection Against Orthotopic Murine Glioblastoma

11:30-12:30 Guru Lecture #1 (UDC Theatre)
Naomi Taylor (NCI)

Harnessing TCR-controlled fuzzy logic to achieve immunotherapeutic precision of
CAR T-cells

12:30- 3:00 Lunch (on your own) / Poster Session 1(Ballroom at the Student Center)

Even numbered posters 1:00-2:00pm
Odd numbered posters 2:00-3:00pm



3:00-4:00 Session 3: Immune Regulation (UDC Theatre)
Chairs: Claudia Kemper (NHLBI) and Kalpana Manthiram (NIAID)

Tasha Morrison (NIAMS)
Simple glycosphingolipids are required for survival of NK cells and cytotoxic T cells and
cytolytic function

Dominic Golec (NIAID)
A PI3Kd-Foxo1-FasL signaling amplification loop rewires CD4+ T helper cell signaling,
differentiation and epigenetic remodeling

Dingkang Peng (NIAID)
Foxp3 M370l mutation allows the activation of T effector programs in regulatory T cells

Shivangi Dave (NIAID)
The Non-canonical Role of T Follicular Helper Cells in the Maintenance of Peripheral
Tolerance

Parul Singh (NHLBI)
A novel and human-specific CD46-SP1 axis regulates gene transcription and HIV
expression in CD4" T cells

4:00-5:00 Session 4: Infectious Disease and Host-response (UDC Theatre)
Chairs: Nihal Altan-Bonnet (NHLBI) and Erin West (NHLBI)

Hannah Karen Labayo (NHLBI)
Milk IgA of ELO B cells have cross-neutralizing antiviral properties

Qin Xu (NIAID)
SARS-CoV-2 mRNA vaccination elicits distinct pharyngeal mucosal B cell responses in
children compared to infection

Flor Torres Juarez (NIAID)
Endothelial IL-1R1 expression promotes cooperative tissue immunity and host
resistance to Mycobacterium tuberculosis infection



Gabriela Pessenda (NIAID)
Influences of Sex and Genetic Variation on Monocyte-to-Tissue-Resident Macrophage
Conversion during Homeostasis and Murine Visceral Leishmaniasis

Chinaemerem Onyishi (NIAID)
Control of fungal antigen-specific T cell responses by the mannose receptor

5:00-6:30 Session 5: Tribute to Howard Young (UDC Theatre)
Chair: Scott Durum (NCI)

Grégoire Altan-Bonnet Guru Lecture #2 (NCI)
Stochasticity in cancer immunotherapy stems from rare but functionally critical
IFN-y producing Spark T cells

Julio Valencia (NCI) (short talk)
The ARE mice as a multiplatform for testing immunomodulatory biologics in
autoimmune landscapes

Enitome Bafor (NCI) (short talk)
Unchecked IFN-y: Implications for local regulation of ovarian tissue-resident DN T
cells.

Ashira Lubkin (NIGMS) (short talk)
Candida albicans pathogenesis in mucosal type II interferonopathy

Howard Young (NCI)
Closing remarks



PROGRAM DAY 2 - TUESDAY MARCH 4™ 2025

7:30-8:30am Registration (UDC Theatre)
8:30- 9:30 Session 1: Immune Cell Development and Antigen Recognition (UDC Theatre)
Chairs: Ron Germain (NIAID) and Joanna Bandola Simon (NCI)

Anastasia du Halgouét (NIDCR)
Unraveling the properties of Prenatal B Cells: Insights from Fate-Mapping and
Functional Analyses

Dongya Jia (NCI)
Quantifying the fluctuation of cell numbers and kinetics in hematopoiesis

Yi Ding (NCI)
Distinct developmental pathways generate functionally distinct populations of NK cells

Joanna Bandola-Simon (NCI)
Defective removal of Invariant chain peptides from MHC-II suppresses tumor- antigen
presentation and promotes tumor growth

Guangzhe Ge (NHLBI)
Deciphering chromatin priming of T cell lineage by single cell micrococcal nuclease
sequencing

9:30-10:30 Session 2: Allergy and Autoimmunity (UDC Theatre)
Chairs: Dragana Jankovic (NIAID) and Thierry Gauthier (NIDCR)
Megan Fisher (NIAID)
TCR Signal Strength Indirectly Regulates Complex N-Glycosylation of Recently
Activated CD4* T Cells Via a Soluble Factor
Audrey Meloun (NIAID)

Ly6G/Nur77-Expressing Lung Perivascular Macrophages Control Initiation of TH2
Responses to Allergen-Derived Proteases.



Ashley Nguyen (FDA)
Allergen challenge induces IgE modifications

Camille Spinner (NIAID)
Pathogenic ILC1 require polyamine biosynthesis to promote autoimmune
neuroinflammation

Josephine Trichka (NCI)
Constitutive repression of cGAS-STING by CHMPs prevents autoinflammatory
myopathy

10:30-11:00 Coffee and snacks (UDC Theatre)

11:00-12:00 Session 3: Immunotherapy and Vaccines (UDC Theatre)
Chairs: Naomi Taylor (NCI) and Evaristus Mbanefo (NEI)

Amelie Daughtery-Lopes (NCI)
Dissecting the Brain metastatic environment to uncover immune and molecular
correlates of response to immunotherapy

Sanjay Pal (NCI)
Extracellular matrix scaffold assisted cancer vaccines induce complete tumor regression
and long-term immune memory.

Saliha Majdoul (NCI)
Nanobody-based CAR targeting of an endogenous retroviral envelope for the treatment
of glioblastoma

Mamta Singh (NIAID)
Inclusion of a Retroviral Protease Improves the Immunogenicity of a VLP-Forming
mRNA Vaccine for HIV-1

Sinu John (NIAID)
Training of Myeloid Cells reactivates latent HIV-1 HAART suppressed PBMCs of PLWH
by enhanced cross talk with lymphoid cells



12:00-3:00 Lunch (on your own) / Poster Session 2 (Ballroom at Student center)

Even numbered posters 12:30-1:30
Odd numbered posters 1:30-2:30

3:00-4:00 Session 4: Barrier and Innate Immunity (UDC Theatre)
Chairs: Brian Kelsall (NIAID) and Elisha Segrist (NIAID)

Tomoko Ikeuchi (NIDCR)
Fibroblasts have a protective immunoregulatory role in mucosal pathology in oral
disease periodontitis.

Elisha Segrist (NIAID)
Homeostatic and antibacterial role of IFN-A in female reproductive tract

Jihoon Oh (NIDDK)
Multi-year analysis of natural microbiota, immune phenotype and preclinical models in
a colony of laboratory mice born to wild mice

Prashant Rai (NIEHS)
Type L interferon disrupts tissue-resident macrophage homeostasis

Ana Silva (NIDCR)

Unraveling CD8" T Cell Exhaustion and Immune Dysregulation in Mucosal cGVHD
4:00-5:00 Guru Lecture #3 (UDC Theatre)

Mariana Kaplan (NIAID)

Guardians turned foes: unraveling the role of the innate immune system

in systemic autoimmunity

5:00-5:15 Poster Awards, Closing remarks



Guru Lecture I - Monday March 377 2025 - 11:30am - UDC Theater

”Harnessing TCR-controlled fuzzy logic
to achieve immunotherapeutic precision of CAR T-cells”

First Guru: Naomi Taylor

Senior Investigator, pediatric Oncology Branch
Head, Basic to Translational Oncology Section
Head, Immunology-Hematology Section
Deputy Director - Center for Cancer Research
National Cancer Institute - Bethesda MD

Website: |https://ccr.cancer.gov/staff-directory/naomi-taylor|

Short bio:

Naomi Taylor is a Senior Investigator in the Pediatric Oncology Branch and serves as a Deputy Director of the Cen-
ter for Cancer Research. She also maintains an adjunct Professor position at the University of Montpellier/ IGMM,
France, where she began her research group. Naomi completed her MD/ PhD studies at Yale University followed by Pe-
diatrics training at Yale New Haven Hospital and the Childrens Hospital of Los Angeles Bone Marrow Transplantation
Program as a Howards Hughes Fellow.

The expertise of Naomi’s group in T-cell differentiation and signaling have promoted the development of opti-
mized T-cell immunotherapies. Furthermore, the group’s recent innovative studies on the interplay between metabo-
lite transporters and fuel choice have resulted in the identification of metabolic programs regulating hematopoietic
lineage commitment and erythropoiesis.

For Naomi, scientific research is a field that has the unique potential to bring together individuals from differ-
ent backgrounds—-she is proud to have promoted the careers of students/scientists from >30 countries, spanning 6
continents. She has received numerous awards including the French National Inserm Research Award (2010), NCI Di-
rectors Award (2020), NCI Women in Science Mentoring and Leadership Award (2021), and election to the Association
of American Physicians (2023).

xil



Guru Lecture IT - Monday March 3"¢ 2025 - 5:00pm - UDC Theater

”Stochasticity in cancer immunotherapy
stems from rave but functionally critical IFN-vy—producing Spark T cells”

Second Guru: Grégoire Altan-Bonnet

Senior Investigator - Immunodynamics Section
Deputy Chief - Laboratory of Integrative Cancer Immunology
Center for Cancer Research - National Cancer Institute - Bethesda MD

Website: |https://https://ccr.cancer.gov/staft-directory/gregoire-altan-bonnet|

Short bio:

Grégoire Altan-Bonnet heads the Immunodynamics group with the Laboratory of Integrative Cancer Immunology
(CCR, National Cancer Institute, Bethesda). His training was interdisciplinary with a Bachelor/Masters in Physics at
Ecole Normale Supérieure in Paris, a PhD in Statistical Physics and nonlinear dynamics at the Rockefeller University
(under the supervision of Prof. Albert Libchaber) and post-doctoral training in Immunology at the NIH (under the
supervision of Dr. Ron Germain).

Grégoire's field of expertise is Systems Immunology: the ImmunoDynamics group has been developing experi-
mentally validated quantitative models of different aspects of the immune response, first at Memorial Sloan Kettering
from 2005 until 2015 then at the intramural program of the NCI/NIH since 2016. The main focus of the group is the in-
terplay between the robustness and variability of self/non-self discrimination by leukocytes of the immune system, as
well as the bridging of local and global cytokine regulations during response. The Immunodynamics group is develop-
ing quantitative models of leukocytes within complex environments (tumors, tissues, etc), introducing robotics/au-
tomation for the large-scale characterization of leukocytes, and exploring applications of machine learning to the
field of cancer immunology and virology. Such quantitative understanding of the immune response is leveraged to

design and optimize new immunotherapies.
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Guru Lecture III - Tuesday March 4'" 2025 - 4:00pm - UDC Theater

"Guardians turned foes:
unraveling the role of the innate immune system in systemic autoimmunity”

Third Guru: Mariana Kaplan

NIH Distinguished Investigator

Chief, Systemic Autoimmunity Branch
Chief, Lupus Clinical Trials Unit
Deputy Scientific Director, NJAMS

Website: |https://www.niams.nih.gov/about/directory/mariana-j-kaplan-md)

Short bio:

Mariana Kaplan, M.D. is NIH Distinguished Investigator, Chief of the Systemic Autoimmunity Branch, and Deputy
Scientific Director, Intramural Research Program, NIAMS. Before coming to the NIH, she was a Professor of Medicine
in the Division of Rheumatology at the University of Michigan. Mariana Kaplan completed her Rheumatology Fellow-
ship and postdoctoral training at the University of Michigan, where she was a member of the faculty for 15 years.

Dr. Kaplan's research has focused on identifying mechanisms of immune dysregulation, organ damage, and pre-
mature vascular disease in systemic autoimmunity. More specifically, she investigates how innate immunity (in par-
ticular, type I interferons and myeloid cells) promote autoimmune responses and end-organ damage in systemic lu-
pus erythematosus, rheumatoid arthritis, and other systemic autoimmune diseases.

In addition to her research activities, Dr. Kaplan is an active clinician and teacher. She sees lupus patients in the
NIH Clinical Research Center and is involved in the development of various clinical trials for patients with autoim-
mune diseases at the NIH.

She has served in numerous roles at the American College of Rheumatology/Rheumatology Research Foundation,
the American Association of Immunologists, and the Lupus Foundation of America. She was inducted into the Amer-
ican Society for Clinical Investigation (ASCI) and the Association of American Physicians (AAP) in addition to receiv-
ing the Henry Kunkel Young Investigator Award and the 2021 Distinguished Basic/Translational Investigator Award
from the American College of Rheumatology. She received the 2015 Evelyn V. Hess Award from the Lupus Foundation
of America in recognition of her significant contributions to lupus research, diagnosis, and treatment. Dr. Kaplan
served on the editorial board of the Journal of Immunology and Journal of Clinical Investigation and is deputy editor
of Arthritis & Rheumatology. She is currently a Council member at the AAP. In 2021, she was elected to the National
Academy of Medicine.

XIiv



Salute to Howard Young

IFN-+ Biology,
and its Role in Infectious Diseases,
Cancer, Immunodeficiencies, and Autoimmunity

For over 40 years, Howard Young has contributed to understanding the expression of interferons and their roles in
chronic inflammation and disease. Most recently he was Senior Investigator and head of the Cellular and Molecular
Immunology Section in the Cancer Innovation Laboratory in the NCI, and recently retired from the NIH in 2024. Dr.
Young received his B.S. in Microbiology from the University of Massachusetts, Amherst, and his Ph.D. in Microbiology
and Immunology from the University of Washington in Seattle.

His career at the NCI began with a postdoctoral position in the Laboratory of Tumor Virus Genetics. In 1977, he
became a Senior Staff Fellow, followed by a move to the NCI Frederick campus to become a Senior Research Scientist
in the Molecular Biology of Retroviruses Section. Subsequently, Dr. Young spent two years at a local biotech company,
Bethesda Research Laboratories, as Head of Technical Services. He then was recruited back to the NCI Frederick cam-
pus to join the Biological Response Modifiers Program (BRMP). He became a Senior Staff Scientist in the Laboratory
of Molecular Immunoregulation in the late 1980s and eventually the Deputy Chief of the Laboratory of Experimental
Immunology from 2006 through 2015. In 2015, he joined the Laboratory of Cancer Immunometabolism which then
became the Cancer Innovation Laboratory.

Dr. Young was involved very early on in the characterization and cloning of RAS oncogenes, but focused his car-
reer on the in vivo consequences of chronic interferon-gamma expression (IFN-y). Using mouse models, his work
helped determine that chronic expression of this gene is integral to the development of lupus-like diseases, anaplas-
tic anemia, biliary cholangitis and ovarian failure syndrome. Manipulation of this signaling pathway continues to be
used to develop innovative approaches toward treating inflammatory diseases. Dr. Young also studied the biological
significance of IL-22 as a driving factor in inflammation and tumor development.

In addition to his research activities, throughout his career, Dr. Young has shown his deep commitment to men-
toring the next generation of physician-scientists and building bridges of friendship within the NIH community by
promoting collaboration, cooperation and communication across organizations and fields. He was actively with the
Werner H. Kirsten Student Intern Program which was initiated in Frederick in 1989, a one-year internship oppor-
tunity that was designed to expose high school seniors to hands-on research. He also received several awards for
his excellence in mentoring including the first recipient of the International Cytokine and Interferon Society (ICIS)
Mentorship Award. In addition, the ICIS renamed its Distinguished Service Award as the ICIS Howard A. Young
Distinguished Service Award for his many contributions to the society, and for us he was an essential part of the IIG

both as an active member of IIG Steering Committee, and with his communication with the broader IIG community.

XV



Dr. Young was elected to the American Academy of Microbiology, became the President of the International So-
ciety for Interferon and Cytokine Research, and was elected as a Fellow to the American Association for the Advance-
ment of Science (AAAS) in 2022.
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ABSTRACT Poster #1 - Monday

Keywords: Salute to Howard Young: IFN-+ biology and its role in infectious disease, cancer, immunodeficiencies, and

autoimmunity, Allergy & Autoimmune Diseases, Clinical Immunology

Establishing a 36-color spectral flow cytometry panel for characterizing human

atypical/age-associated B cells

« Presenter: Krisztian Csomos
« Authors: Krisztian Csomos (1) Michael Ombrello (1)

. Affiliation(s): (1) National Institute of Arthritis and Musculoskele-
tal and Skin Diseases

Abstract:

Atypical or Age-Associated B cells (ABCs) represent a distinct lineage of B cells characterized by low or absent CD21
expression and high expression of CD11c and the transcription factor T-bet. These cells are typically present at low
frequencies in healthy individuals but expand markedly under conditions of chronic antigen exposure and immune
activation, such as chronic infections (e.g., malaria, HIV), autoimmune diseases (e.g., systemic lupus erythematosus,
rheumatoid arthritis), and aging. ABCs arise from naive B cells through an IFN-o? and TLR-driven process, particu-
larly in chronic immune activation environments.

We aimed to develop a highly multiplexed spectral flow cytometry panel to comprehensively assess the human B
cell compartment from peripheral blood of patients with immune dysregulation syndromes, including hyperinflam-
matory conditions and autoimmune diseases. Besides using conventional B cell markers (CD19, CD20, CD21, CD24,
CD27,CD38 and IgD) to identify major B cell subsets (transitional, naive, memory, and plasma cells) we also assessed
immunoglobulin receptor isotypes (IgM, IgG, IgA, IgE) as well as the activation status of B cells using key activation
markers (CD2s, CD69, CD71, CD80o, CD86, CD95, and HLA-DR). To specifically identify and characterize ABCs, we
utilized markers such as CD11c, T-bet, CD8sj, Fcrl4, Ferls, CXCR3, and CXCR5. ABCs were assessed at baseline and
after an optimized in vitro ABC-inducing stimulation mimicking chronic immune activation. To evaluate the prolif-
erative status of B cells, we utilized Ki67.

We successfully established and validated a 36-color spectral flow cytometry panel with optimized staining condi-
tions that reliably and reproducibly assesses the composition, isotype class switching, and activation status of B cells
from both fresh and cryopreserved human peripheral blood samples. Our optimized 36-color spectral flow cytometry
panel is a powerful and versatile tool for characterizing the human B cell compartment in health and disease. It en-
ables precise identification and in-depth analysis of Atypical/Age-Associated B cells (ABCs), offering valuable insights

into their phenotype, activation, and expansion dynamics under chronic immune activation. This panel facilitates a



deeper understanding of B cell biology and the role of ABCs in protective immunity, autoimmunity, chronic inflam-
mation, and aging, paving the way for advances in immune-mediated disease research and the discovery of novel
therapeutic targets.



ABSTRACT Poster #2 - Monday

Keywords: Salute to Howard Young: IFN-v biology and its role in infectious disease, cancer, immunodeficiencies,
and autoimmunity, Allergy & Autoimmune Diseases, Clinical Immunology, Immune regulation, whichever one of
the above fits topic best

Atypical B cell expansion and immune dysregulation are promoted by an inflam-
matory milieu in STAT1IGOF and STAT3DN patients

- Presenter: Zixiao (Annie) An

« Authors: Zixiao (Annie) An (1), Heather Kenney (1), Marita Bosti-
cardo (1), Gloria Magro (1), Joseph Mackie (2), Stuart Tangye (2),
Douglas Kuhns (3), Michael Keller (4), Jenna Bergerson (1), Steven
Holland (1), Alexandra Freeman (1), Luigi Notarangelo (1), Ottavia
Delmonte (1)

. Affiliation(s): (1) Laboratory of Clinical Immunology and Micro-
biology, NIAID, NIH (2) Garvan Institute of Medical Research (3)
Neutrophil Monitoring Laboratory, Frederick National Laboratory
for Cancer Research (4) Division of Allergy and Immunology, Chil-
dren’s National Hospital

Abstract:

Studies in autoimmune diseases have shown an expansion of CD21lo T-bet+ atypical B cells (ABC) responding to an
IFN-y-driven inflammatory milieu, accompanied by higher 9G4 antibody levels recognizing the autoreactive VH4-34
immunoglobulin. In the JAK/STAT pathway, unbalanced STAT1/STAT3 signaling may contribute to dysreactivity. We
examined immunological correlates of STAT1 gain-of-function (GOF) and STAT3 dominant-negative (DN) diseases,
with similar infection rates, but different autoimmunity susceptibility, to better define the immune dysregulation of
these conditions and envision new therapeutic targets. In our NIH cohort, 16/25 (629%) STAT1GOF versus 13/72 (18%)
STAT3DN patients presented with clinical autoimmunity (AI); Among STAT3DN patients with Al, 77% had systemic
lupus (SLE) features compared to 6% among STAT1GOF patient with AI. We found a significant expansion of CD21lo,
9G4+, IgD-CD27- CD21loCD1i1c- double negative 3 (DN3) B cells in almost all STATIGOF patients and in a subset of
STAT3DN patients with AI, with highest frequencies in STAT3DN with SLE. However, IgD-CD27- CD21loCD11c+ ac-
tivated naive atypical B cells were only increased in STAT1GOF. A positive correlation was observed between CD21lo
and 9G4hi B cell frequencies in STAT3DN with autoimmunity (r=0.88, p=0.0003). T helper (Th) and T follicular helper
(Tth) cells analysis showed low proportions of Th17 and Tth17, and increased frequencies of Th1 and Tthi cells in both
cohorts. Mesoscale identified high plasma levels of IFN-y, CXCL9, and CXCL10 in both diseases. In STAT1GOF, a
positive correlation was observed between CXCL9 and Tth (r=0.58, p=0.02) and Tth1 (r=0.57, p=0.02). Metabolomics
found stronger redox, tryptophan, TCA (Itaconate) metabolic shifts associated with oxidative lipid mediator trends in
STAT1GOF compared to STAT3DN. CITEseq and 5'VD] seq analysis of TCR and BCR repertoire are pending. Our data



suggest immune tolerance disruption in STATIGOF and in a sub-cohort of STAT3DN with autoimmunity, particularly
SLE, accompanied by a chronic inflammatory milieu that may promote survival and differentiation of ABCs and/or

antibody production.
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Abstract:

Shortening of telomere length in peripheral blood mononuclear cells (PBMCs) is a hallmark of immune system aging.
Previous study of telomere length of T, B, and monocytes shows that B cells have longest telomere length and highest
rate of telomere loss over time. Here, we extended telomere length analysis in five major subsets of blood immune
cells including CD4 and CD8 T cells, B cells, Natural Killer cells (NK) and Monocytes from 295 donors of the Baltimore
cohort of Epidemiologic Catchment Area (ECA) study with age range of 41 to 93 years old including 73 donors who
had two-time visits with an average of 15-year apart and 149 donors who had single visit. We developed a FlowFISH
method allowed to simultaneously measure telomere length of PBMC and five different types of cells. Our findings
showed: (1) No significant differences were found in telomere length among five PBMC subsets in 40-49 years old
group. In 50-59, 60-69 and 70 years above group, the average telomere length of B cells was the longest in all PBMC
subsets, which was about 10% significantly longer than Monocytes, 15% longer than NK and 23% longer than CD8 T
cells. The average telomere length in CD4 T cells were comparable to B cells in 40-49 and 50-59 years old group but
became 10% significantly shorter than in B cells in 60-69 and 70 years above groups. (2) All five types of cells showed
significant decrease in telomere length with aging at different rates: the smallest telomere attrition rate was seen in
Monocytes, which were only about 50% of CD8 T cell telomere attrition rate. B cells and NK cells were 30% slower
than CD8 T cells while CD4 T cells was only 7% slower than CD8 T cells in telomere loss over time. (3) The 15-year
longitudinal study found that the telomere loss rate in PBMCs was not constant in different age groups. Donors in 70
years or older group had 20% slower telomere loss in total PBMCs than donors in 40-50 years old group. Among the
five PBMC subsets, CD4 T cells had only 2.5% slower telomere loss in 70 years or older group than in 40-50 years group



while CD8 T cells and Monocytes showed 29% and 31% slower decrease in telomere length when individuals were 70
years or older comparing to 40-50 years old group. NK cells and B cells also had 17% and 9% slower telomere loss in
70 years or above group than in 40-50 years old group. Together, these findings revealed distinct telomere lengths
and their age-related attrition among five major types of immune cells within the same individuals and suggested
cell type specific regulation of telomere length and attrition.
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Abstract:

Treatment resistance and relapse remain significant challenges in cancer therapy, commonly occurring following
chemotherapy, radiation, and immunotherapy. While these treatments induce considerable apoptotic cell death, the
complete range of apoptotic signals and their "off-target effects” on surviving cancer cells are not well understood.
In previous studies on breast cancer metastasis, we identified that apoptotic cancer cells with high levels of Pep-
tidyl Arginine Deiminase 4 (Padi4) undergo nuclear expulsion, releasing DNA/protein structures (Nuclear Expulsion
Products; NEPs) into the extracellular space, which are critical for metastatic outgrowth. However, the role of nuclear
expulsion amidst elevated cell death during therapy remains largely unexplored. Given the extracellular character-
istics of therapy-induced NEPs, investigating their relationship with the immune system is essential. Building on
prior work, we confirmed that chemotherapy and radiotherapy in Padi4-positive tumors induce nuclear expulsion,
as validated in both murine and breast PDX models. In the mouse model, we observed that NEP formation in Padi4-
positive tumors reduces sensitivity to therapies such as cisplatin and gemcitabine. Comparisons between immune-
competent (Balb/C) and athymic immune-deficient (nu/nu) mouse models demonstrated that Padi4-dependent re-
sistance is mediated by the immune system. Exploring further, Immune profiling revealed increased CD8™ T cell
infiltration and activation in Padishigh tumors, characterized by elevated expression of PD1, GrnzB, IFN-v, and Ki-
67. Cisplatin treatment further amplified these responses, ultimately resulting in TIM3high CD8™ T cell hyperac-
tivation and exhaustion. Co-culture assays demonstrated that NEPs directly facilitate CD8" T cell hyperactivation,
and experiments utilizing anti-CD8 neutralizing antibodies confirmed that Padi4-dependent chemoresistance is pre-
dominantly driven by CD8™ T cells. Proteomic analysis identified extracellular vimentin (eVIM) as a major NEP com-
ponent, suggesting its extracellular role as a Damage-Associated Molecular Pattern (DAMP) due to the extracellular



nature of NEPs. The loss of vimentin in NEPs led to a decrease in chemoresistance in animal models, and in vitro co-
culture experiments showed reduced T cell activation with eVIM-deficient NEPs. These findings confirm that eVIM
plays a critical role in NEP-mediated T cell alteration and therapy resistance. Additionally, we identified IFN-v as a
downstream effector of therapy resistance, secreted by activated CD8™ T cells during therapy. co-culturing CD8* T
cells with citrullinated vimentin boosted IFN-~ expression. IFN-vy-treated 4T1 cells exhibited increased resistance to
cisplatin and gemcitabine, and animal experiments with IFN-yR-depleted tumor cells confirmed IFN-+ as a key me-
diator of therapy resistance and CD8™ T cell modulation. These findings suggest that IFN-+ promotes tumor cell sur-
vival during therapy, contributing to therapy resistance. This study demonstrates that therapy-induced NEPs, as an
off-target effect, manipulate the immune system to facilitate tumor survival during treatment, particularly through
CD8™ T cell modulation. Excessive NEP-mediated stimulation leads to short-term therapy resistance but results in
CD8™ T cell exhaustion, enabling tumor cells to evade long-term immune surveillance and thereby enhancing ma-
lignancy. Collectively, this research highlights the pivotal role of NEPs in shaping tumor immunity and influencing
therapy outcomes, offering new insights and promising directions for advancing cancer biology and treatment.



ABSTRACT Poster #5 - Monday

Keywords: Salute to Howard Young: IFN-+ biology and its role in infectious disease, cancer, immunodeficiencies, and

autoimmunity, Cancer Immunology, Immunotherapy & Vaccines

Generation of novel anti-tumor chimeric antigen receptors incorporating
downstream T- cell signaling proteins targeting GPC3 on Hepatocellular Carci-

noma Cells

« Presenter: Jacquelyn Nguyen

- Authors: Jacquelyn Nguyen (1), Lakshmi Balagopalan (1), Benjamin
Angeles (1), Dan Li (3), Shane Tsao (3), Haiying Qin (2), Taisuke
Kondo (1), Hidehiro Yamane (1), Naomi Taylor (2), Mitchell Ho (3)

and Lawrence Samelson (1).

- Affiliation(s): 1 Laboratory of Cellular and Molecular Biology, CCR,
NCI 2 Pediatric Oncology Branch, CCR, NCI 3 Laboratory of Molec-
ular Biology, CCR, NCI

Abstract:

Chimeric antigen receptors (CAR) are molecules with an antibody-derived extracellular domain combined with in-
tracellular domains from T cell receptor (TCR) signaling proteins. Although the use of CAR-T cells has been a clinical
breakthrough, several challenges persist: adverse effects from cytokine secretion, CAR-T cell exhaustion, and limited
sensitivity in tumor microenvironments due to low density of target antigen. While many efforts have focused on
identifying new cell surface targets, we designed novel Chimeric Adapter Proteins (CAPs) to trigger signaling down-
stream of the TCRIY chain which might bypass kinetic proofreading steps defining the signaling threshold at the TCR
and the inhibitory regulation of upstream molecules. CAPs replaced the TCRIJ in CAR with adapter proteins fused
to ZAP70 intracellularly and are combined with an extracellular targeting domain. Importantly, CAP-Ts expressing
adapter moieties promoted high levels of antigen-independent signaling. CAPs that exclusively contained ZAP70
domains exhibited antigen-dependent signaling and were further developed. These constructs were coined CAR-
tyrosine kinases (CAR-TKs). Indeed, CAR-TKs exhibited high anti-tumor efficacy, and significantly enhanced long-
term in vivo persistence of tumor clearance in leukemia-bearing NSG mice as compared with conventional CD19-2819
CARs. These findings are promising, and we are now interested in further understanding the mechanism of superior
CAP performance and evaluating their efficacy in clearing solid tumors. We focused on a Hepatocellular Carcinoma
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(HCC) CAR model that targets the glypican GPC3 on the cell surface since it is overexpressed on HCC cells and has
little to no expression on normal tissues. CAR-Ts with a hYP7 antibody targeting GPC3 have been shown to have ex-
cellent efficacy in clearing HCC in murine models and are currently being tested in the clinic. We designed a panel
of CAR-TKs targeting GPC3 using extracellular hYP7 and intracellular ZAP70. Our panel was based on CAR-TKs that
showed best efficacy in the leukemia model, as well as modeling predictions that would produce optimal signaling.
In vitro screening revealed that the best CAR-TK constructs for cytotoxic activity contained full length ZAP70. We
are now studying anti-tumor efficacy and long-term tumor clearance in vivo. We also plan to evaluate the efficacy of

these constructs in clearing other types of solid tumors.
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Abstract:

Immune cell profiling is vital for predicting outcomes as well as assessing therapeutic success. Within a tumor mi-
croenvironment it can determine success of immunotherapies, indicate therapeutic efficacy and determine any po-
tential therapeutic toxicity in several malignancies. Spatially interrogating these immune cells is crucial in studying
immune-immune and immune-tumor interactions. Similarly in autoimmune conditions such as irritable bowel dis-
ease (IBD), it is important to identify the immune cell profile associated with the type and region of the IBD. Charac-
terizing immune cells require assessing cell marker expression using protein detection and activation markers using
RNA detection. To address this, we have developed Multiomic RNAscopedx¢ assays to spatially visualize RNA and
protein markers on the same slide. We utilized the new RNAscopei<¢ Multiomic LS assay and RNAscope Multiplex
v2 manual assay in cancer tissues and Crohn's biopsy tissues. The TSA-based amplification strategy offers signal boost
for both RNA and protein targets. To optimize protein detection, the workflow is completely protease-free there by
preserving antigen integrity and tissue morphology. The assay can be customized to include any target RNA and pro-
teins of interest. Infiltrating Cytotoxic T cell lymphocytes were detected using CD8, GZMB and IFN-+ co-expression.
Regulatory T cells were detected using CD4, FOXP3 co-expression. PanCK was used as a tumor marker to delineate
tumor from stroma. Similarly, macrophages were detected using CD163, CD68, IL10 and IL-1B expression. Cytokines
such as IL-1B and IL-22 were upregulated in inflamed tissues. The RNAscope Multiomic LS assay was successfully able
to interrogate different subpopulation of immune cells with high quality RNA and protein signal while maintaining
tissue morphology. The higher plex capability provides detection of more markers simultaneously, in turn enabling
immune phenotype profiling while maintaining the sensitivity and specificity that the RNAscope technology is known

for.
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Abstract:

Cancer immunotherapies result in highly variable responses in different patients even when the treatment is the
same. Strikingly, some murine tumor models show large variability in the outcome of cancer immunotherapies, even
when the mice, tumor cells and anti-tumor immune cells injected into mice are all genetically identical. Here, we
sought to analyze this variability in adoptive cell therapies to identify the immune cell subset driving this variability.

To quantify variability ex vivo, we extracted mouse TCR-transgenic CD8" T cells, and co-cultured them with
antigen-expressing tumor cells in a high-throughput robotic system. We used multiplexed in vitro assays and single-
cell analysis of thousands of samples to analyze the inter-replicate variability of tumor cell killing and immune ac-
tivation. We identified conditions (e.g. cell numbers, antigen quality, tumor cell types) where macroscopic large
variations in the immune response against cancer cells are observed between highly-controlled technical replicates.

Stochastic activation of a rare subset of CD8™ T cells, so-called Spark T cells, coupled to a paracrine IFN-a?-driven
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positive feedback explains this measured "noised” in immunotherapeutic reactions. We then developed a custom-
designed machine-learning pipeline (Stochasticity-based Identification of Cell Subsets a.k.a. StoICS) to identify the
subset of immune cells responsible for the immunotherapeutic variability. We applied StoICS to identify the Spark T
cells in murine naive T cells, and in human TCR-engineered T cell blasts prepared as for adoptive T cell therapy. We

then show that diverse levels of Spark T cells in tumor samples explain variable outcomes in cancer immunotherapies.
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Abstract:

Mutations in the tumor surface protein interferon-gamma receptor (IFN-R) are a frequently occurring method of
tumor-immune escape. Tumor heterogeneity also leads to poorer immune responses. To understand how the im-
mune system responds to heterogeneity in IFN-yR expression within the tumor microenvironment, we developed
several in vivo, in vitro, and mathematical models to study the immune response to admixed B16 melanoma tumors
containing both WT and IFN-yR-KO cancer cells.

While WT and IFN-vR-KO tumors were equally controlled by the immune system in isolation, the immune system
preferentially killed WT cells within admixed WT-KO tumors. Macrophage-mediated activation by WT and IFN-+R-
KO tumor cells polarized CD8* T cells into two unique phenotypes, with IFN-yR-KO tumor-polarized T cells display-
ing enhanced functional avidity and killing potential. By developing a representative mathematical model, we learned
how interactions between these two T cell populations led to selection of the WT cells within admixed tumors. We also
identified a novel way to activate CD8™ T cells with tumors and macrophages to increase their killing ability.

By developing a novel tumor spheroid culture system, a custom robotic protocol to collect timeseries flow cytome-
try data, and an agent-based model, we learned that localized immune cell-driven selection drives spatial segregation
within admixed WT-KO tumors, generalizing our results to other heterogeneous tumor models. We also discovered
strong correlations between tumor spatial segregation and immune response.

By mathematically quantifying the interactions between heterogeneous tumor and immune cells across both time
and space, we have identified and mathematically quantified several novel mechanisms through which the numerical
and spatial patterning of the tumor microenvironment is modulated by CD8* T cells. By leveraging these mech-

anisms, we aim to further develop a novel metric to identify candidate patients for immunotherapy and create an
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improved method of activating immune cells for adoptive cell transfer.
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Abstract:

Aging acts as a primary driver of numerous physiological changes in the human body, with alterations in the immune
system among the most consequential. Although prior studies have documented age-related shifts in immune cell
populations, they often lack the necessary markers to fully characterize these changes and their functional implica-
tions. Here, we study the blood immune cell composition changes with age using multidimensional flow cytometry
(25 biomarkers) of 307 adults in the Baltimore cohort of the Epidemiologic Catchment Area (ECA) study. The cohort
ranged in age from 41 to 93 years and included 107 donors with two visits approximately 15 years apart and 200 donors
with a single visit. We first analyzed five major immune cell types (CD3+/CD4™ and CD3+/CD8™ T cells, CD19+ B
cells, CD14+ monocytes, and CD56+ NK cells) and 14 subsets of T and B cells. Subsequently, we examined 12 additional
markers for these subsets. Our findings confirmed previous reports of age-associated changes in the five major im-
mune cell types, including a significant decrease in B cells (-0.22%/year) and increases in monocytes (0.10%/year) and
NK cells (0.15%/year). Notably, we identified significant age-related changes among four B cell subsets (CD27+ IgD+,
CD27- IgD+, CD27- IgD-, CD27+IgD-) and five subsets of CD4" and CD8™ T cells (CD45RA+ CCR7+ CD95-, CD45RA+
CCR7+ CD95+, CD45RA- CCR7+, CD45RA- CCR7-, CD45RA+ CCR7-). We are currently analyzing the remaining 17
biomarkers using clustering algorithms to uncover novel functional changes within cell subsets. Preliminary analysis
has identified three clusters of naive CD4" and CD8™ T cells (CD45RA+ CCR7+ CD9s-).
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Abstract:

Cryptococcus neoformans (C. neoformans) has been named the highest priority fungal pathogen by the W.H.O. This
fungus is one of the main causes of pneumonia-like symptoms and meningitis in immunocompromised individuals.
Human and mouse studies have shown that type 1 immunity driven by IFNix$§ contributes to pulmonary protection
against C. neoformans. However, the precise mechanisms underlying how IFN1x§$ signaling restricts C. neoformans
niche remain elusive. Based on the dogma that type 1 immunity largely mediates intracellular pathogen killing, we
used a C. neoformans fluorescent reporter strain to locate fungal replication niches in murine lungs across 78 days of
infection. Surprisingly, almost 98% of the pathogen resides in the extracellular compartment across all time points.
Subsequently, we made IFN-yr1~/~ mixed bone marrow chimeras to ask whether IFN-vr1 signaling is intrinsically
required to restrict the < 2% intracellular C. neoformans that could theoretically be seeding the extracellular niche.
However, we found no difference in intracellular fungal burden between IFN-yr1~/~ and WT cells when competed
in the same hosts. Additionally, we observed a delayed and transient window of Th1 IFNix§-producing cells during
our infection kinetics and corresponding populations of myeloid cells that are interferon-responsive using iNOS as
a readout by FACS. This window also overlaps with the inflection point where IFN-v-deficient mice succumb to C.
neoformans infection while WT mice begin to control the infection in our survival curve. These results collectively
suggest that the protective functions of IFNIx$ are not restricted to intracellular pathogens.
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Abstract:

The tonsils and adenoids are mucosal lymphoid tissues in the upper airway with unique lymphocyte populations not
found in blood. We recently reported that SARS-CoV-2 infection elicits robust, enduring adaptive immune responses
in these tissues; whether mRNA vaccination generates immunity in these tissues and how this compares to natural
infection remains unknown. In 2022, we identified 10 mRNA COVID-19 vaccinated, uninfected (VAC) children and
compared their blood, adenoids, and tonsils to samples from 24 COVID-19 convalescent (INF) children recruited in
2020-2021. By high dimensional flow cytometry, we found SARS-CoV-2-specific (S+) B cells, in all tissues from both
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groups. S+ B cells were primarily Ig-switched memory B cells (BSM), yet INF and VAC S+ BSM exhibited differences.
Although S+ BSM cells were primarily IgG* in all tissues, post-INF subjects had greater proportions of IgA™ cells.
Notably, INF and VAC S+ BSM showed differential expression of CXCR3, a chemokine receptor involved in homing
of cells to mucosal tissues: higher percentages of S+ B cells were CXCR3+CD21+ BSM cells post-INF, while CXCR3-
CD21+/- BSM were enriched post-VAC. We further found that tissue-derived CXCR3+CDz21+ BSM cells exhibited more
clonal overlap between adenoids and tonsils and had less surface IgG or IgA, stronger responses to BCR stimulation,
and increased plasma cell differentiation than CXCR3-CD21+ BSM, indicating functional differences. Single cell BCR
analysis revealed S+ B cell clones, particularly CXCR3+CD21+ BSM, were expanded more in post-INF pharyngeal tis-
sues. Furthermore, the activation of innate cells (HLA-DR expression on CD14+ cells, plasmacytoid and conventional
dendritic cells), and percentages of CXCR3+CCRé6- pre-T follicular helper (Tth) cells positively correlated with percent-
ages of S+ CXCR3+CD21+ BSM cells in the tissues. Together, these observations suggest that the S+ CXCR3+CD21+
BSM cell subsets may arise from IFN-+ exposure caused by activated myeloid and Thi-like Tth cells during antivi-
ral responses. Our results show that infection and vaccination lead to distinct B cell memory in the upper airway,

providing insight for mucosal immunity and vaccine efficacy.
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Abstract:

Interferon-gamma (IFN g) is a powerful cytokine that is crucial for adequate host defense and thus is important for
maintaining health in the face of the constant threat of pathogens. As with any powerful weapon, though, IFN-~y can
also be dangerous. Excessive IFN-v, or type II interferonopathy, occurs in several diverse disease states, including
STAT1 gain-of-function mutations, autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED),
Down syndrome, and AIDS. Unchecked IFN-v can cause autoimmunity in several organs and can even be directly toxic
to host cells. It has recently been shown that in APECED, which is caused by inherited deficiency of the autoimmune
regulator (AIRE) gene, excessive IFN-v leads to greater susceptibility to oral Candida albicans infection. C. albicans
is an opportunistic pathogen. It is the most common human fungal pathogen, and can cause both systemic and
mucosal disease, but is also a normal member of the human microbiome. The ability of C. albicans to morph between
commensal and pathogenic states is tied to its complex transcriptional regulation of virulence traits in response to
environmental cues. Thus, the fact that C. albicans causes disease in APECED patients suggests that the excessive
IFN-+ in the oral mucosa causes C. albicans to transition to a more virulent state.

In the present work, we are studying how C. albicans responds to the environment of excessive IFN-+y in Aire KO
mice, a model for APECED. By infecting Aire KO mice with mutants in transcriptional regulators of C. albicans, we
have found that several of the master regulators of C. albicans are dispensable for high levels of colonization in the
context of interferonopathy. However, efg1 and brgi mutants do have a competitive disadvantage during infection in
the Aire KO. Histological analysis shows less pathology during infection with these master regulator mutants, sug-
gesting that they are achieving commensal colonization in the context of interferonopathy. We are complementing
these experiments with an unbiased approach, using transcriptomics to define the response of C. albicans to excess
IFN-7 in vivo. We are comparing the transcriptional response during infection of in wild-type, Aire KO, and Aire
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IFN-~ double KO mice. We have also found that during infection of human oral epithelial cells in vitro, C. albicans
becomes more filamentous and invasive to epithelial cells in the presence of IFN-~-primed epithelial cells. Thus, we
are using metabolomics to find soluble mediators released by these cells in response to IFN-~ that promote fungal
filamentation and invasion. This work will expand our understanding of C. albicans pathogenesis in an autoinflam-

matory environment.
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Abstract:

Background: High throughput "Omics?” experiments, aimed at understanding the biological systems, help re-
searchers identify thousands of differentially expressed molecules between experimental conditions. To understand
these large numbers of differentially active molecules and their relationship to the phenotype being investigated,
researchers routinely perform enrichment analysis. While natural language processing (NLP)-based methods have
been introduced to integrate individually generated enrichment analyses, based on the shared gene lists, they fall
short in reasoning and integration with other relevant contextual data, leaving important insights unexplored. This
has resulted in a wealth of high-quality data waiting to be mined and interpreted. Large Language Models perform
extremely well in summarizing general text, but they have been struggling to produce high-quality interpretations.
To address this, we have developed IAN - an integrated enrichment analysis platform that uses a multi-agent artifi-
cial intelligence (AI) system to strategically augment and guide Large Language Models. This enhances their ability
to summarize "Omicsd” data, producing more insightful interpretations and enabling novel discoveries.

Methods: IAN is implemented as an R package, that is easy to setup and intuitive to use. It generates enrichment
results for multiple "Omicsd” input sources (such as Seurat, DESeqz2, custom DEG’s) using popular datasets for path-
way analysis (KEGG, WikiPathways and Reactome), along with transcription factor target datasets (ChEA) and Gene
Ontology enrichments. Individual summaries of these enrichment results are created using Google’s popular LLM -
Gemini, through a multi-agent architecture. The summaries are then contextually integrated and interpreted by the
LLM, incorporating relevant protein-protein interaction data from the STRING database. Appropriately engineered
prompts enable the system to address highly complex questions. The results, along with potential explanations for
the system under study, and any novel findings, are presented as an easy to navigate HTML report, supported by the
experimentally derived concepts.

Results: Technical evaluations of our case studies show IAN’s unique potential to help researchers explore and
interpret biological systems by leveraging the vast information space and the reasoning capabilities of the LLMs. IAN
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is available on the project’s GitHub page at: https://github.com/NIH-NEI/IANai, with installation instructions and
detailed tutorials.
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Abstract:

Background: Multiple sclerosis (MS) is an immune-mediated CNS demyelinating disease. Epstein-Barr virus (EBV)
has been implicated as a risk factor of MS. B cells, the target of EBV infection, play a critical role in MS disease mecha-
nisms, along with the clonal expansion of CD8 T cells. However, how CD8 T cells respond to EBV-infected B cells in MS
remains unclear. Objectives: This study aimed to investigate the expanded subpopulation of CSF CD8 T cells linked
to EBV-infected B cells in MS. Methods: We performed bulk RNA sequencing (RNA-seq) of prospectively acquired
cerebrospinal fluids (CSF) cell samples derived from 348 MS and 164 controls. We generated TCR repertoire library
and performed weighted gene co-expression network analysis (WGCNA). We validated the major findings using cel-
lular indexing of transcriptomes and epitopes (CITE-seq) data on CSF CD8 T cells from 13 MS patients and 5 controls
and combined these with publicly available single cell RNA-seq data from MS CSF. An in vitro system using patient-
matched peripheral blood mononuclear cells and lymphoblastoid cell lines (CSF-LCL) generated from CSF B cells as-
sessed CD8 T cell responses to EBV-infected B cells. Results: In CSF bulk RNA-seq, MS patients exhibited higher TCR
clonality and specificity to EBV lytic proteins compared to controls. TCRs from MS patients showed greater cluster-
ing coeflicient (i.e. TCR similarity) in complementarity-determining regions 3 (CDR3), particularly those predicted
to target EBV antigens. Importantly, TCR clustering coefficient was associated with the expression of cytotoxic CD8
module genes in WGCNA, such as CD8A, GZMH, GZMK, and NKG7 and with interferon signaling module. scRNA-seq
revealed a subpopulation of GZMK+GZMH+ double positive (DP) CD8 T cells expressing genes related to identified
cytotoxicity and interferon signaling modules. These DP CD8 T cells had significantly higher predicted specificity for
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EBYV proteins than other CD8 cells. In vitro PBMC co-culture with CSF-LCLs expanded autologous DP CD8 T cells,
while these CD8 T cells exhibited some cytotoxicity to CSF-LCL. Conclusion: Our study shows significant expansion
of EBV-specific cytotoxic DP CD8 T cells in MS CSF, providing indirect evidence for the intrathecal EBV infection in
MS.
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Abstract:

Treatment of HIV infections with abacavir (ABC), a nucleoside reverse transcriptase inhibitor, can lead to drug hyper-
sensitivity reactions associated with human leukocyte antigen (HLA)-B*57:01 expression. In this study, ABC admin-
istration to a mouse strain expressing HLA3>xB*57:01 but not murine MHC-I molecules (TgKO) allowed the devel-
opment of T-cell responses directed to the drugs in an interferon (IFN)-dependent manner. Transcriptomic analysis
showed unique clustering and expression of signature genes associated with Type I-Interferon and Type-1I-Interferon
immune responses. This study provides insights on molecular mechanisms involving IFN pathways in ABC hyper-
sensitivity reactions, with implications for adverse drug reactions in general. . Moreover, these findings may help
elucidate factors leading to ABC hypersensitivity among populations of carriers of the HLA-B*57:01 allele.
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Abstract:

Vacuoles, E1 ubiquitin-activating enzyme, X-linked, autoinflammatory, somatic (VEXAS) syndrome is caused by so-
matic mutations of the ubiquitin-like modifier activating enzyme 1 (UBA1) gene and characterized by widespread
inflammation, a high mortality rate, and escalating hematologic manifestations. Mutations in UBA1 appear within
hematopoietic stem cells and become lineage restricted to myeloid populations. In most patients, 50-90% of circu-
lating neutrophils carry the UBA1 mutation, yet there is limited understanding of neutrophils in VEXAS. The aim
of this study was to evaluate the transcriptomes of neutrophils in peripheral blood and marrow from patients with
VEXAS. We conducted single-cell RNA sequencing (scRNA-seq) on neutrophils from 17 VEXAS patients with somatic
pathogenic variants in UBA1 at p.Met41. Neutrophils were negatively isolated from paired bone marrow and pe-
ripheral blood samples. Cells were captured using 10X Genomics Chromium platform using 3’ 3.1 chemistry and
sequenced on the Illumina Novaseq 6000/X plus. Reads were aligned and quantified using Cell Ranger v8.0.0; dimen-
sional reduction, clustering, and gene expression analysis was conducted using R package Seurat v5.0.1. Neutrophil
subsets in peripheral blood were categorized in reference to previously defined genetic markers identified in healthy
and disease controls (Wigerblad, G., et al. 2022). The canonical mutation types among the recruited patients were
p-Met41Thr (n=6), p.Met41Leu (n=7), and p.Met41Val (n=4). Mutation burden varied within the cohort (variant allele
fraction (VAF) median 66%, range 41-89%). Clinical characteristics of the cohort reflected the spectrum of VEXAS-
associated disease manifestations. Complete blood count (CBC) data revealed reduced lymphocyte, monocyte, and
natural killer cell counts with preserved to elevated neutrophil counts. Immature neutrophils and myelocytes were
commonly detected in peripheral blood. scRNA-seq of over 300,00 captured cells confirmed enrichment of granulo-
cyte precursor cells in peripheral blood in patients with VEXAS. These premature neutrophils were characterized by
increased transcription of genes associated with neutrophil maturation processes, such as granule formation. Dif-
ferences in neutrophil clustering patterns were observed in VEXAS compared to controls and within the different
VEXAS-associated genotypes. Shared and distinct neutrophil subsets were identified in VEXAS patients compared

to controls. Upregulation of genes related to neutrophil growth and survival, inflammation, and regulation were ob-

28



served in specific subsets of neutrophils from patients with VEXAS. In particular, increased expression of interferon
response genes and inflammasome-related genes were observed in VEXAS neutrophils. Neutrophils are a key effec-
tor cell in VEXAS syndrome, contributing to inflammation and poor clinical outcomes. Results from this study are
informative about neutrophil heterogeneity in VEXAS syndrome and may lead to discovery of novel myeloid-directed

therapeutic targets.
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Abstract:

The systemic vasculitides are a family of rare diseases defined by immune-mediated inflammation and destruction
of the vasculature. Cutaneous involvement, in isolation or in association with systemic disease, is a common feature
of many forms of vasculitis. Classification schemes to distinguish between forms of vasculitis typically rely on the
clinical pattern of disease rather than incorporating biologic data about immune dysregulation. The purpose of this
study was to perform transcriptomic profiling of skin from patients with different types of vasculitis to determine
the relationship between tissue transcriptomics and clinical diagnoses. Patients with skin lesions attributed to active
vasculitis were recruited into a multi-center prospective observational cohort. Patients who met clinical criteria for
one of nine different pre-specified forms of vasculitis were eligible and underwent a 4-6mm punch biopsy of affected
skin. Bulk RNA was extracted from 70 skin biopsies using a TRIzol-cholorform method, prepared using New England
Biolabs (NEB) Next Ultra II RNA library kit, and sequenced on a Nextseq 2000 (Illumina). The cohort was comprised
of 18 patients with cutaneous small vessel vasculitis (CSVV) (age 59 +/- 11 yr), 15 with IgA vasculitis (IgAV) (42 +/- 14 y1),
10 with VEXAS syndrome (Vacuoles, E1-enzyme, X-linked, Autoinflammatory, Somatic mutation) (67 +/- 5 yr), 7 with
granulomatosis with polyangiitis (GPA) (54 +/- 17 yr), 6 with eosinophilic granulomatosis with polyangiitis (EGPA)
(47 +/- 12 yr), 6 with polyarteritis nodosa (PAN) (60 +/- 18 yr), 3 with microscopic polyangiitis (MPA) (67 +/- 7), 4 with
urticarial vasculitis (UV) (48 +/- 18 yr), and 1 cryoglobulinemic vasculitis (CryoV) (44 yr). The skin lesion types identified
within the cohort included purpuric macules (n =20), purpuric papules (n=20), urticarial lesions (n=10), nodules (n=9),
plaques (n=5), and retiform purpura (n=5). The distribution of lesion type was highly variable within each disease.

Principal component analysis (PCA) was performed to explore variability between the samples. When plotting PC1and
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PC2 eigen values, the samples from patients with VEXAS clustered independently from all other forms of vasculitis.
Gene Ontology enrichment analysis revealed that upregulation of interferon response genes differentiated VEXAS
from the other forms of vasculitis. The top genes defining the upregulation of the interferon signaling pathway were
XAF1 (log2 fold change = 4.132, adjusted p-value = 2.296e-12), ISG15 (log2 fold change = 3.494, adjusted p-value = 4.819¢-
06), and IFIT3 (log2 fold change = 3.453, adjusted p-value = 4.177e-08). There was no clear separation of PCA clustering
among the other forms of vasculitis or in association with skin lesion morphology. While causal etiologies of most
forms of vasculitis are unknown, VEXAS is a systemic inflammatory disease caused by somatic mutations in UBA1
in hematologic precursor cells. Tissue transcriptomics confirms VEXAS is a distinct disease entity relative to other
types of vasculitis that can be differentiated based on increased interferon signaling. Direct profiling of affected tissue
across different forms of vasculitis can reveal shared and divergent pathophysiology. Future classification schema to
differentiate different forms of vasculitis should incorporate biologic data in addition to clinical characterization of
disease.
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Abstract:

Still's disease is a severe inflammatory condition that affects children and adults. In the last 10 years, a previously
unseen form of lung disease (LD) with mortality rates up to 65% was identified in these patients, most of whom had
been treated with IL-1 or IL-6 blockers and had increased rates of both acute and delayed forms of hypersensitivity to
these drugs. Both LD and hypersensitivity had a strong association with HLA-DRB1*15. Increased interferon signa-
tures were found in lung biopsies of patients with LD, but the role of type-I interferon has not been studied. Our goal
is to evaluate the role of type-I interferon in Still's disease. We evaluated a cohort of 57 unique consecutive patients
(32 children and 25 adults) who were enrolled in an IRB approved research study at the NIH Clinical Center. We mea-
sured whole blood expression of 28 type-I IFN-stimulated genes (ISG-28) and CXCL9 with custom NanoString arrays
expressed as a normalized score. Interleukin-18 levels were measured by an Olink cytokine panel. A subgroup of 16
patients had a distinct elevation of ISG-28. The ISG-28 was not correlated with CXCL9 expression, with most high-
interferon patients skewing towards MX1 expression compared with CXCL9 expression, suggesting a predominance
of type-I interferon. This high-interferon group had a higher prevalence of LD (44% vs 10%, p=0.007) and hypersen-
sitivity (63% vs 18%, p=0.03) compared to the rest of the cohort. The prevalence of MAS, active disease, [L-18 > 15,461
(pg/mL), and current use of IL-1 inhibitor was not significantly different between groups. The sensitivity and speci-
ficity of HLA-DRB1*15 alone to predict the development of LD (73% and 78%) and hypersensitivity (71% and 84%) were
similar to previously reported. However, the presence of both elevated ISG-28 and HLA-DRB1*15 had a specificity
of 100% for the development of hypersensitivity, and the presence of either positive biomarker had a sensitivity of
100% for the identification of patients with LD, confirming their additive value. Trio exome sequencing identified

89 genes with unique, rare, protein-altering, candidate causative variants inherited in a Mendelian fashion in the
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high-interferon patients. This gene list was subjected to pathway over-representation analysis (ORA) by Gene Ontol-
ogy: Biological Process (GO:BP) using the Web-based Gene Set Analysis Toolkit. We identified an enrichment in the
macrophage activation (enrichment ratio, ER, 10.4, FDR=0.038), autophagy (ER 4.2, FDR = 0.029), type-I interferon
production (ER 8.95, FDR=0.052) pathways. As a complementary approach to specifically examine the gene sets with
the strongest variant enrichment, we examined the ENRICHR combined score for all gene sets with FDR < 0.1. The
largest combined scores were observed in regulation of IL-18 production (OR=76), IKB phosphorylation (OR=65) and
the TLR signaling pathway effects (OR=35), while type I IFN production (OR=11) and autophagy (OR=7) also displayed
strong enrichment. Conclusions: Our study suggests that a genetically mediated elevation of type-I interferon inter-
acts with HLA-DRB1*15 to promote the risk of development of hypersensitivity and LD in Still’s. This finding can help

to identify new therapeutic targets and to identify high-risk patients for these complications.
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Abstract:

Lymphocytic variant Hypereosinophilic Syndrome (LHES) is a reactive subtype of HES characterized by the presence
of aberrant populations of CD4™ T lymphocytes, most often identified by their low surface expression of CD3, that
are presumed to drive hypereosinophilia through secretion of Th2 cytokines. Diagnosis of this rare disorder can be
challenging, especially when the size of the aberrant population is small. Moreover, relatively little is known about
the CD3"°CD4 cells and their direct role in pathology. To begin to explore these questions, we performed spectral cy-
tometry on a large cohort of LHES patients and CITE-seq on CD4™ T cells from twelve LHES patients presenting with
arange of clinical symptoms. Spectral cytometry revealed all aberrant CD3°CD4+ populations had a memory pheno-
type, with high expression of CD45RO and CD95, and low levels of CD27 and CXCR4. Several markers associated with
cell migration, in particular the chemokine receptors CCR4, CCR8 and the prostaglandin D2 receptor, CRTHz2, were
prominent in subjects, indicative of tissue tropism. Analysis of TCR sequencing revealed CD3lo cells were comprised
of a single expanded clone in 5 of 12 subjects, and the remaining 7 subjects had oligoclonal expansion consisting of
2.to 5 clones. Th2 lineage commitment was confirmed by GATA3 expression in clones from all but one patient. Gene
expression analysis showed increased expression of genes involved in cell activation and migration. Antibody capture
analysis of CD3lo cells showed prominent upregulation of ?? and ?? integrins, a phenotype consistent with cell migra-
tion and adhesion to tissues. Separately, Azimuth cell annotation indicated expanded populations of memory Tregs
in some patients, a finding which was separately confirmed by nuclear staining for FoxP3. Additional VD] clonotypic
analysis of Tregs showed expanded clones, including a single clone of which constituted to 0.3% of total CD4™ cells
in one patient. Cell annotation additionally showed the presence of cytotoxic CD4" T cells expression GNLY, PRFi,
GZMH, GZMA, GZMK, and CCLs. Further, VD] clonotypic analysis revealed expanded clones of CTLs. Taken together,
the data show that CD3°CD4™ cells, in addition to secreting eosinopeotic cytokines, display properties indicative of
effector activity in the tissue. Additionally, this study has revealed the co-expansion of regulatory T cells and cytotoxic
CD4™ T cells that have not been observed previously and provide new insight into this rare, enigmatic disease.
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Abstract:

Still’s Disease is an inflammatory syndrome characterized by prolonged and unexplained fever, arthritis, and a com-
bination of severe inflammatory features. We perform family-based sequencing of children with severe Still's disease
to identify de novo or bi-parentally inherited candidate variants that may cause or contribute to its pathophysiology.
Using this approach, we discovered a pair of independently assorted variants of the interleukin (IL)-10 pathway in a
child with infantile onset Still's disease complicated by hyperinflammation and drug reactions. The patient carried
a paternally transmitted IL10 variant (G15R) and a maternally transmitted variant of IL10RA (N235D), encoding the
IL-10 receptor alpha subunit.

IL-10is a positive acute phase cytokine with anti-inflammatory effects, tempering inflammatory responses by in-
hibiting cytokine production and the proliferation of proinflammatory immune cells. Secreted by antigen-presenting
cells, IL-10 induces STAT3 phosphorylation through its cognate receptor, IL-10R. The IL-10 receptor is composed of
the IL-10RA subunit, which is unique to the IL-10 receptor, and the IL-10RB subunit, which is utilized in receptor com-
plexes for other cytokines. Recessive loss of function (LOF) variants of IL-10 or its receptor subunits causes very-early
onset (VEO) inflammatory bowel disease (IBD) and uncontrolled inflammation.

The G15R variant has been described as a LOF variant that displays reduced secretion. To better understand the ef-
fect of the G15R variant on IL-10 production, PBMCs from the proband, parents, and 2 healthy subjects were incubated
with LPS. Intracellular IL-10 was measured by flow cytometry, while IL-10 in culture supernatants was measured by
ELISA. The intracellular levels of IL-10 did not differ between groups following LPS stimulation, however we observed
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higher IL-10 levels in supernatants from Gi5R carrier PBMCs (proband and father) than from non-carrier PBMCs
(mother and controls).

We further characterized G15R IL-10 by measuring its biologic activity, in vitro, with an IL-10 dependent STAT3
reporter cell assay. IL-10 reporter cells were incubated with wild type or G15R IL-10 at a range of concentrations for 24,
12, or 6 hours and the change in STAT3 activation was measured. Across a range of physiologic IL-10 concentrations,
G15R IL-10 displayed significantly lower biologic activity than wild type IL-10.

Finally, to investigate the effect of the IL10RA variant, we quantified IL-10 induced STAT3 phosphorylation in fresh
whole blood from the proband, parents, and 2 healthy subjects by flow cytometry. This revealed that IL-10 induced
STAT3 phosphorylation was lower in multiple cell types in the carriers of the IL10RA variant (proband and mother)
than in non-carrier subjects (father and controls).

Overall, we discovered digenic LOF variants of the IL-10 pathway in a child with severe Still's disease. Although
genetic loss of IL-10 signaling causes VEO-IBD, reduced IL-10 signaling has also been invoked in the pathophysiology
of Still’s disease. The clinical course and molecular signature of our patient clearly favor Still’s disease over VEO-IBD,
however it is important to recognize that a subset of people with Still's disease subsequently develop IBD. Based on
our observations, we hypothesize that IL-10 LOF lesions may represent the clinical and molecular intersection of Still’s
disease and IBD.
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Abstract:

We reported previously (PMID: 28709803) that ocular surface of healthy wild-type mice is colonized by a commensal
shared between mice and humans, Corynebacterium mastitidis (C. mast). On the murine ocular surface, C. mast
elicits IL-17 from ix§ix= T cells and promotes local host defense. Based on this we hypothesized that ocular inflam-
mation in Autoinflammatory disease patients, with NLRP3-associated mutations, may be triggered by an overac-
tive response to their own ocular surface bacteria. We found that, unlike wild-type mice, knock-in mice bearing an
NLRP3 gene mutation found in patients, developed conjunctivitis, conjunctival neutrophilia, and increased IL-1ix¢
and IL-17 responses following ocular exposure to C. mast. scRNA-seq of murine conjunctival cells confirmed that v¢
T cells were a major immune cell population and a source of II-17, Ccr2 and S100a8 transcripts, possibly explaining the
neutrophilia. Importantly, patient PBMCs stimulated with C. mast lysate overproduced IL-17A compared to healthy
controls by ELISA. However, in contrast to mice, scRNA-seq of patient conjunctival cells and PBMCs showed upreg-
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ulation of Th1 and Th17 signaling molecules in a3 T cells rather than in «d T cells. This suggests that response to C.
mast in patients may be mediated by different immune cells, and/or that other commensals may drive their ocular
phenotype. Our study shows that commensals can elicit an exaggerated immune response in humans and mice with
NLRP3-related autoinflammatory disease conditions. If indeed conjunctivitis in these patients reflects a response to
their own commensals, adjunct antimicrobial therapy could be an option.
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Abstract:

Autoimmune uveitis is a sight-threatening inflammation driven by retina-specific autoreactive T cells. Using a mouse
model (R161H) of spontaneous autoimmune uveitis, in which a high proportion of CD4™ T cells express a transgenic
TCR to a unique retinal antigen IRBP, we demonstrated that specific pathogen-free gut flora can provide innate and
adaptive immune stimuli that trigger ocular autoimmunity.

We now examined whether uveitis-promoting microbes are present in human gut flora, by colonizing germ-free
R161H mice with fecal microbiota from healthy human donors. Human gut commensals supported uveitis develop-
ment in these mice, albeit with slightly lower disease scores and a reduced gut Teft/Treg ratio than did conventional
mouse flora. "Humanized?” gnotobiotic mice retained a distinct but simplified gut microbiota compared to their
original donor. Higher uveitis scores correlated with a greater microbial diversity and expansion of specific bacterial
taxa such as Akkermansia (phylum Verrucomicrobia), together with lower levels of short-chain fatty acids (SCFAs) and
a lower abundance of SCFA-producing bacteria (Firmicutes). Furthermore, association with human flora "spikedd”
with Akkermansia resulted in higher uveitis scores and a more prominent Thi1 effector response in the gut. We sug-
gest that Akkermansia may promote uveitis in vivo by outcompeting SCFA-producing microbes and by promoting a
Type 1 inflammatory response.

Our data suggest that both stimulatory and inhibitory microbes are present in normal human gut flora and can
modulate uveitis. Ongoing examination of regulatory components from gut microbiota could inform future research
on microbiome-directed therapies.
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Abstract:

Activated T cells specific to the neuroretina can break through the blood-retinal barrier and trigger autoimmune
uveitis, a disease that in humans is one of the leading causes of blindness. We developed the R161H mouse model
of spontaneous autoimmune uveitis, in which CD4™ T cells express a transgenic T cell receptor specific to a unique
retinal autoantigen (PMID: 23810578). Using this model, we showed that germ-free (GF) or antibiotic-treated mice
develop much less disease than their specific pathogen-free (SPF) counterparts, and concluded that commensals ac-
tivate retina-specific T cells in the gut and promote uveitis (PMID: 26287682). To dissect how a GF host responds to de
novo exposure to microbiota, GF Tera~/~ R161H mice, which develop only minimal uveitis, were cohoused with SPF
mice (termed ExGF mice). Exposure to mouse commensals resulted in complete acquisition of conventional mouse
flora by 1 week of cohousing, and promoted rapid disease development from minimal to full blown scores within 2
weeks. This correlated with increased levels of IFN-+ and IL-17A in the sera and with a rise in retina-specific T cells
with Thi1 and Th17 phenotypes in the gut lamina propria. Of note, this included a large proportion of IFN-v/IL-17A
double-producing cells, suggesting emergence of pathogenic populations in the gut. Differential gene expression
data confirmed enrichment of innate and adaptive inflammatory responses in the gut of ExGF mice. Ongoing stud-
ies include metagenomic analyses to narrow down early colonizing taxa that may affect disease outcomes, as well
as bulk and single-cell transcriptomic profiling of retina specific T cells in different tissues compared to GF and SPF

controls. The mechanistic insights gained may uncover novel pathways involved in uveitis development.
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Abstract:

Invariant natural killer T (iNKT) cells are CD1d-restricted T cells expressing a semi-invariant T cell receptor (TCR) that
recognizes lipid antigens and are involved in the anti-cancer immune response. Studies of a prototype iNKT cell anti-
gen, a-galactosylceramide (a-GalCer), analogs have shown that differences in the ceramide structure significantly
alter the activities of mouse iNKT cells. However, much less is studied on human iNKT cells. This study investigated
the antigenic activity of novel sulfatide-based lipids for human iNKT cells. Eight new sulfatide analogs were synthe-
sized with fluorobenzene at the end of acyl chains and three sphingoid base structures. First, we examined the recog-
nition of the sulfatide analogs by the TCR of human iNKT cells by measuring the reactivity of human CD1d-tetramers
loaded with sulfatide analogs. Testing peripheral blood mononuclear cells (PBMCs) from three donors showed that
one sulfatide analog was commonly recognized by the TCR of iNKT cells from all donors tested. Next, we tested
the stimulatory properties of sulfatide analogs on human iNKT cells from PBMCs by measuring the expression of
CDé69 and CD2s. The sulfatide analogs activated the iNKT cells as the expression of both CDé69 and CD25 was induced
in a CD1d-dependent manner. Measurement of cytokines in the collected culture supernatants revealed variability
among donors in cytokines induced by sulfatide analogs. The sulfatide analog commonly recognized by the TCR of
PBMC-derived iNKT cells induced IL-2 production, whereas a-GalCer did not induce IL-2 production. To test the
hypothesis that this novel sulfatide analog supports the activation and proliferation of T cells, we stimulated human
PBMC-derived CD8 T cells with influenza matrix protein-derived peptides together with this analog and compared
influenza-specific CD8 T cell frequency and cytokine production. The results using single donor PBMCs showed that
administration of this analog did not change the frequency of influenza-specific CD8 T cells. However, it increased
the proportion of poly-functional CD8 T cells producing the three cytokines IFN-+?,IL-2, and TNF-«, and both IFN-+?
and IL-2. In contrast, the proportion of CD8 T cells producing IFN-+?, IL-2, and TNF-« alone decreased. These data
suggested that the sulfatide analog improve the quality of antigen-specific CD8 T cell response. The novel agonist
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for human iNKT cells could be useful in the development of vaccines that can be successfully used in humans as an
effective adjuvant.
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Abstract:

Alzheimer’s disease (AD) is the most prevalent form of dementia, with inflammation recognized as a significant con-
tributing factor. Recent studies have shown the presence of highly differentiated and clonally expanded CD8™ T cells
in the brains and cerebrospinal fluid (CSF) of both AD patients and mouse models. However, the role of CD8™ T cells
remain inconsistent across different models and methodologies. To address this inconsistency, we undertook a paral-
lel analysis of two commonly used AD mouse models, namely 5xFAD and APP/PS1. We examined behavioral changes
in these models with and without CD8™ T cells by crossbreeding them with CD8 knockout (CD8KO) strains. Our
findings revealed that in the absence of CD8™ T cells, the 5xFAD strain exhibited altered nighttime activity but not
working memory, whereas the APP/PS1 strain did not show significant changes in either nighttime activity or work-
ing memory. This suggests the existence of strain-specific differences in AD pathology. Subsequently, we conducted
an analysis of CD8™" T cells in the brains and CSF of both AD models using scRNAseq and scTCRseq methods, observ-
ing increased effector memory cells in the brain, increased effector cells in the CSF, and identified clonally expanded
T-cell receptor (TCR) sequences that were either shared or unique to each strain. Conversely, we analyzed brain tissue
using liquid chromatography-mass spectrometry (LC-MS) and identified potential MHC class I epitopes unique to
AD mice, with the majority recognized by the H-2-Kb allele and 235 being predicted strong binders. Currently, we are
focusing on validating the TCR-antigen binding in vitro and determining the extent of plaque accumulation in the
hippocampus of the brains from both AD models in the absence of CD8™ T cells.
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Abstract:

The B1.23.2 antibody broadly recognizes most, but not all, HLA-A, -B, and -C allelomorphs. Remarkably, this antibody
activates NK cells in vitro and prevents tumor growth in humanized mice. To precisely map the B1.23.2 epitope and
gain mechanistic insight into its mode of action, we have determined the cryoEM structure of a B1.23.2/HLA-B44:05
complex to 3.02 Ax map resolution. B1.23.2 binds atop the MHC-I platform domain revealing a similar footprint to
that of killer immunoglobulin receptors (KIRs), a family of inhibitory and activating NK receptors that regulate NK
function. The structure also identifies peptide residue P8 as an epitopic residue. I will present data from binding and
mutagenesis experiments that further flesh out the details of the B1.23.2 interaction with MHC-I and the basis of its
allelic specificity.
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Abstract:

An effective anti-tumor response requires activation of both CD4 helper T cells (through MHC-II) and CD8 cytotoxic
T cells (through MHC-I), but tumors have adapted many different mechanisms to avoid detection by effector cells of
the acquired immune system. Tumor-draining lymph node dendritic cells are poor stimulators of tumor antigen-
specific CD4 T cells, and we reported for the first time that in tumor-draining dendritic cells a large proportion of
MHC-II molecules retain the CLIP fragment of the Invariant chain bound to the MHC-II peptide binding groove, due
to reduced expression of peptide-editor H2-M and enhanced proteolytic activity of cathepsin S. The net effect of this
is that MHC-II molecules in tumor-draining dendritic cells are unable to efficiently bind antigenic peptides. By gen-
erating mice with a mutation in the Invariant chain sequence that results in enhanced accumulation of MHC-1I-CLIP
we confirmed that defective peptide exchange from MHC-1I molecules impaired the CD4 T cell priming by dendritic
cells, skewed T cell responses towards pro-tumorigenic Th2 type, and hampered anti-tumor responses, leading to
enhanced tumor growth. Our data reveal a novel mechanism of immune evasion induced by tumor cells in which
enhanced expression of MHC-II-CLIP complexes limits the MHC-II availability for tumor peptides presentation by
lymph node dendritic cells.
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Abstract:

T cells play a central role in adaptive immune responses, enabling vertebrates to fight infections and eliminate can-
cer cells. Cancer immunotherapies, and in particular adoptive T-cell therapies, thus aim to harness their tumor-
destroying capabilities to treat, or even cure, cancer patients. Despite recent advances in the development of these
therapies, a major limitation remains our inability to predict, a priori, which T cells will be best equipped to carry out
anti-tumor immunity. Therefore, our working hypothesis is that the strength of interaction between T cell receptors
(TCRs) and tumor antigens can be inferred by analyzing the high-dimensional phenotype of T cells post-activation in
a polyclonal repertoire. To test this, we aim to back-calculate antigen strengths from single-cell phenotype as mea-
sured by spectral flow cytometry decipher an “antigen encoding?” at the level of the individual cell. Using monoclonal
populations of OT-1 TCR transgenic T cells activated in vitro with ligands of varying quality, we trained a deep neural
network to classify antigen strength and learn a latent space of antigen encoding based on their surface and intra-
cellular marker expression levels. To identify the effect of multiple T cell clones on single-cell antigen encoding, we
are investigating how mixture of antigens and T cells affects the classification of antigens within this latent space.
Finally, we are testing our model of single-cell antigen encoding in vivo by injecting TCR transgenic T cells into mice
with tumors bearing well-identified antigens and asking whether we can still correctly predict the strength of anti-
gens encountered by these T cells in tumors. With a validated model of tumor antigenicity in T cells, this research
project will help to better inform TCR choice for adoptive T-cell therapies.
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Abstract:

T cell receptor (TCR) engagement triggers T cell responses, yet how TCR-mediated activation is regulated at the plasma
membrane remains unclear. Here, we report that deleting the membrane scaffolding protein Flotillin-2 (Flot2) in-
creases T cell antigen-sensitivity, resulting in enhanced TCR signaling and effector function to weak TCR stimu-
lation. T cell-specific Flot2-deficient mice exhibited reduced tumor growth and enhanced immunity to infection.
Flot2-null CD4™ T cells exhibited increased T helper 1 polarization, proliferation, Nur77 induction, and phosphory-
lation of ZAP70 and ERK1/2 upon weak TCR stimulation, indicating a sensitized TCR-triggering threshold. Single
cell-RNA sequencing suggested that Flot2-null CD4™ T cells follow a similar route of activation as wild-type CD4 ™
T cells but exhibit higher occupancy of a discrete activation state under weak TCR stimulation. Given prior reports
that TCR clustering influences sensitivity of T cells to stimuli, we evaluated TCR distribution with super-resolution
microscopy. Flot2 ablation increased the number of surface TCR nanoclusters on naive CD4™" T cells. Collectively, we
posit that Flot2 modulates T cell functionality to weak TCR stimulation, at least in part, by regulating surface TCR
clustering. Our findings have implications for improving T cell reactivity in diseases with poor antigenicity, such as
cancer and chronic infections.
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Abstract:

When a T cell recognizes an antigen-MHC complex via its receptor (TCR), multiple proteins assemble at the adaptor
protein LAT at the plasma membrane. The formation of this multi-protein complex is essential for recruiting the
enzyme PLC-~1 to the membrane where it generates second messengers IP3 and DAG to initiate T cell activation. We
previously demonstrated that LAT, Gads, SLP-76, and PLC-v1 form a tetrameric complex that significantly enhances
PLC-71activity. Notably, the interaction between SLP-76 and PLC-v1is of very weak affinity. Furthermore, the SLP-76
proline-rich region (PRR) and the PLC-y1 SH3 domain responsible for this weak interaction are highly conserved in
vertebrates. This led us to hypothesize that this evolutionarily conserved, low-affinity interaction between SLP-76 and
PLC-~1 fine-tunes TCR signaling strength to prevent excessive T cell activation.

To investigate the functional relevance of this weak interaction, we developed a novel mouse model with a pe-
ripheral T cell-specific conditional knock-in mutation in the SLP-76 PRR to strengthen its interaction with PLC-v1
approximately three-fold, thereby enhancing TCR signal strength. We found that this mutation enhanced the acti-
vation of OT-I TCR-transgenic CD8™ T cells stimulated with low but not high-affinity OVA altered peptide ligands
(APL) in vitro. Furthermore, co-transferring wild type (WT) and SLP-76 mutant OT-I CD8™ T cells into recipients,
followed by immunization with a low-affinity OVA APL emulsified in complete Freund’s adjuvant (CFA), resulted in
enhanced proliferation of mutant donor cells. We observed reduced cellularity in vivo due to increased apoptosis of
highly dividing CD8™ T cells. These findings indicate that the weak interaction between SLP-76 and PLC-~1 is critical
for preventing excessive activation and supporting the survival of highly dividing T cells.

Next, we examined how TCR signal strength impacts the balance between effector memory T (TEM) cells and cen-
tral memory T (TCM) cells during acute viral infection. When P14 TCR-transgenic WT and SLP-76 mutant CD8™ T cells
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were co-transferred into recipients subsequently infected with the Armstrong strain of lymphocytic choriomeningi-
tis virus, SLP-76 mutant P14 donor cells exhibited impaired generation of TCM cells during the memory stage. This
phenomenon suggests that the low-affinity SLP-76/PLC-v1 interaction fine-tunes TCR signaling to promote the for-
mation and maintenance of CD8* TCM cells.

Lastly, we assessed whether the SLP-76 mutation altered the in vivo CD4™" T cell response by co-transferring WT
and SLP-76 mutant OT-II CD4 ™ T cells into recipient mice followed by immunization with OVA emulsified in CFA.
SLP-76 mutant cells exhibited a marked decrease in mature T follicular helper (Tth) cell differentiation, indicating
that the enhanced TCR signal strength resulting from the SLP-76 mutation impaired maturation into functional Tth
cells.

Overall, our findings highlight the critical role of finely tuned TCR signaling in optimizing T cell activation, sur-
vival, memory formation, and Tth generation. We propose that the weak interaction between SLP-76 and PLC-y1
serves as an evolutionarily conserved mechanism to regulate TCR signaling and maintain this delicate balance.
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Abstract:

Activation-induced deaminase (AID) is a B cell-specific enzyme that initiates the processes of somatic hypermutation
(SHM) and class switch recombination (CSR). While we understand how AID is targeted to the switch region to initi-
ate CSR, relatively little is known about how AID can be accurately targeted to the variable (V) region to induce SHM.
Transcription must occur to expose single-strand DNA, but transcription alone is insufficient for AID targeting. Pre-
vious research has shown that without retention of SPT5, a transcriptional regulator, into the V gene exon, AID is
unable to be recruited, and SHM does not occur in ex vivo-stimulated cells. We propose that distinctive regulation
of RNA Polymerase II activity at the V gene allows AID targeting, and thus SHM, in germinal center cells. To study
this, we developed a knock-in mouse model called JH1, which utilizes a rearranged VD] containing endogenous gene
segments knocked-in directly in the locus, representing endogenous B cells generated from the bone marrow. Fur-
thermore, the V2.2 gene segment is relatively easy to identify apart from the retained upstream Vs. Using this model,
we have adapted CUT&RUN for probing transcriptional regulators in both sorted germinal center B cells and ex vivo
stimulated B cells. Initial testing showed that this technique gives high-quality data comparable to ChIP-seq, with
the benefit of needing far less input (</=100k nuclei). Additionally, we can easily map data to the V region of the JH1
mouse, highlighting the power of the model and technique combined. We have performed CUT&RUN for many major
transcription elongation regulators, including negative elongation factor (NELF), SPT4, SPTs, and phosphorylation
states so that we can begin to develop a picture of the transcriptional landscape at the V region in germinal center
vs. ex vivo stimulated B cells. We have observed differences between these two conditions at the V region: germinal
center B cells contain less RNA Pol II Ser2p (a sign of stable, long-range elongation) downstream of the promoter and
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more RNA Pol II Sersp (a sign of initiation) up to the Emu enhancer. These results suggest that transcription between
these conditions is not the same, as commitment to elongation is delayed in germinal center cells which may con-
tribute to allowing AID the time it needs to access unprotected single-stranded DNA within the transcription bubble.
Understanding how AID is targeted to the V region may be useful to fine-tune humoral responses via vaccines and

develop further technologies.
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Abstract:

Invivo genome editing with CRISPR-Cas9 systems is generating worldwide attention and enthusiasm for the possible
treatment of genetic disorders. However, the consequences of potential immunogenicity of the bacterial Cas9 protein
and the AAV capsid have been the subject of considerable debate. Here we model the antigen presentation in cells after
in vivo gene editing by in vitro transduction of a human cell line with an AAV2 vector that delivers the Staphylococcus
aureus Cas9 transgene. Through HLA class I enrichment, peptide elution and highly sensitive LC-MS interrogation,
we identified a highly conserved saCas9-derived T cell epitope that is restricted to HLA-A*02:01 and induces CD8* T
cell activation and killing. We conclude that AAV delivery of Cas9 protein results in presentation of a T cell epitope that
can activate CD8™ cells and induces killing of the transduced cell, with important ramifications for in vivo genome

editing strategies.
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Abstract:

Mannose Receptor (MR/ CD206) is a C-type lectin receptor encoded by the MRC1 gene. It recognizes and drives the en-
docytosis of a range of mannosylated ligands, including microbial ligands. It is commonly used as a marker of tissue
resident macrophages and alternatively activated macrophages. Over two decades ago, it was found that membrane-
anchored MR can be cleaved by metalloproteinases to produce soluble mannose receptor (sMR) which retains all the
functional extracellular domains of its membrane-bound counterpart. However, to date, despite its broad catego-
rization as a type 2 marker, we know remarkably little about its function, whether in its membrane-bound or soluble
isoform. Therefore, we aim to identify precise functional role(s) for MR using the Th2-inducing and highly mannosy-
lated fungal pathogen Cryptococcus neoformans as a model.

As an initial proof of principle, we infected mice intranasally with Cryptococcus neoformans, collected bron-
choalveolar lavage and lung homogenate and performed an ELISA. We observed a gradual increase in sMR over the
course of infection with a peak at 10 days post-infection (dpi). To begin to explore the role of MR in vivo, Mrc1~/~ mice
were adoptively transferred with naive CD4™ T cells from a TCR transgenic mouse strain specific to C. neoformans
chitin deacetylase (CDATg) prior to intranasal infection. At 10 dpi, immunophenotyping of the lung draining lymph
node (IdLN) revealed a significant increase in Th1 and Thz differentiation in Mrc1~/~ mice compared to littermate
controls. This suggests MR may be acting as a suppressor of excess T cell differentiation. Most surprisingly, we iden-
tified a Th1/Th2 hybrid population in knockout mice, which was absent in the endogenous CD4* T cell compartment
of both control and knockout mice. In the myeloid compartment there was an increase in the frequency of moDCs
and cDCz2 in the lungs of Mrc1~/~ mice, pointing to potential drivers of the increased T cell differentiation seen in
Mrc1~/~ IdLN.
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We have also shown that aside from macrophages, which have the highest expression of MR, moDCs and cDCzs,
but not ¢cDC1s, monocytes, neutrophils, and eosinophils, express MR. Therefore, subsequent experiments will em-
ploy an Mrc1~/~ :MhclI~/~ mixed bone marrow chimera approach to test whether antigen-presenting cells require
cell-intrinsic expression of MR to modulate T cell activation. Additionally, we will selectively ablate MRC1 from DCs
and macrophages to identify the specific cell type whose expression of MRC1 modulates the T cell differentiation phe-
notype observed. Together, this work will broaden our understanding of MR and its role during adaptive immune

response.
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Abstract:

Antibodies and antigens undergo various modifications after translation through the addition of small chemical
groups to their amino acids. Certain post-translational modifications might affect the typical functions of antibod-
ies and the immunogenicity of the antigen, resulting in the creation of new binding sites or concealing areas usually
detected by the immune system. Although the significance of post-translational modifications for IgG biology and
immune reactions elicited by vaccines is well recognized, the role of post-translational modifications in IgE biology
and allergic responses is less explored. Here we demonstrate that IgE antibodies have post-translational modifica-
tions that identify distinct subpopulations of allergen-reactive mast cells in the intestines and spleens of sensitized
mice. We discovered that levels of modified IgE quickly increase after allergen exposure and decrease during the
avoidance phase. Given that IgE modifications occur and vanish in a time-dependent fashion, our findings may lay
the groundwork for a more precise interpretation of IgE-measuring immunological tests frequently utilized to aid
preclinical and clinical research. Moreover, we expect that examining post-translational modifications of IgE might
act as a novel diagnostic method for allergies, enhancing the more conventional diagnostic techniques like skin prick,

intradermal, or patch tests.
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Abstract:

B-Coronaviruses, such as SARS-CoV-2 (the virus which causes COVID-19), exit infected cells by means of lysosomal
exocytosis, a process which deacidifies affected lysosomes. Here, we report that lysosomal deacidification resulting
from coronaviral infection increases surface levels of open conformers of Human Leukocyte Antigen F (HLA-F), an
MHC class I molecule whose active (open) state is a high-affinity ligand for the natural killer cell receptor KIR3DS1.
Utilizing immunofluorescence staining, we first demonstrate that HLA-F colocalizes with lysosomes in HeLa cells.
Then, we show that infection with SARS-CoV-2 greatly increases levels of open conformers of HLA-F. Next, we demon-
strate that treatment with the lysosomal deacidification agent bafilomycin A also increases HLA-F open conformer
levels, suggesting that dysfunctional lysosomes are key drivers of HLA-F open conformers during SARS-CoV-2 infec-
tion. Finally, we explore natural killer cell responses to cells infected with SARS-CoV-2 using flow cytometry, with a
special interest in the activation of natural killer cells expressing KIR3DS1. Taken together, this research suggests a
novel method of innate immunity in which cells infected by lysosomal-disrupting viruses contain enhanced levels of
HLA-F open conformers, which in turn activate natural killer cells. This work substantially improves our collective
understanding of the role of HLA-F in innate immune pathways and adds to the literature on immune responses to
SARS-CoV-2.
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Abstract:

Interleukin 12 (IL-12) is a potent proinflammatory cytokine capable of modulating the tumor microenvironment to
enhance the effectiveness of adoptive cell therapies (ACT) against advanced cancers. However, its clinical use in ACT
has been limited due to severe systemic toxicity. Here, we report drug-regulatable, inducible, and membrane-bound
IL-12 (referred to as IL-12TM-D) for use in ACT. By incorporating a degron that promoted IL-12 degradation upon
lenalidomide treatment and an NFAT-inducible system, we achieved tight regulation of IL-12 expression. Anchoring
IL-12 to the cell membrane was essential not only to minimize systemic IL-12 release but also to facilitate its effective
degradation by lenalidomide treatment. Functionally, IL-12TM-D enhanced the efficacy of ACT in various in vitro
models, including p53 or RAS neoantigen-targeting TCRs, melanoma TILs targeting autologous tumor cells, and the
CD19 chimeric antigen receptor against CD19-low leukemia cells. In a mouse xenograft model, IL-12TM-D expres-
sionin T cells engineered with a mutant p53-targeting TCR resulted in significant regression of p53-mutated human
ovarian cancer cells and improved survival. Excessive IL-12 expression is known to induce T-cell exhaustion. Our
flow cytometry and single-cell transcriptome sequencing data demonstrated that uncontrolled IL-12TM-D expres-
sion upregulated TIGIT and other exhaustion related genes. However, treatment of low-dose lenalidomide, which
achieved 20-40% of maximum IL-12TM-D expression, reversed the exhaustion process and enhanced IL-12TM-D’s
efficacy. Collectively, IL-12TM-D enables antigen-dependent and pharmacologic regulation of IL-12 expression for

effective ACT, warranting further clinical evaluation for safety and efficacy.
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Abstract:

Despite the successes of CD2.2-targeted chimeric antigen receptor (CD22 CAR) T-cell therapy against relapsed/refrac-
tory B-cell acute lymphoblastic leukemia (B-ALL), low levels of CD22 as well as downregulation of the targeted tumor
antigen remain major hurdles for long-term remission. In this regard, Bryostatin-1, a Protein Kinase C (PKC) modu-
lator, has previously shown promise for its ability to upregulate cell surface CD22 levels, thereby enhancing CD22 CAR
T-cell efficacy. However, neither the underlying mechanisms of Bryostatin-1function nor the physiological regulation
of CD22 expression are well understood.

Using a Pfeiffer lymphoma cell line with heterogeneous expression of CD22, we found that low cell surface CD22
expression is due to a 20-30-fold decrease in CD22 mRNA levels, with Bryostatin-1 inducing a 10-15-fold increase
in CD22 mRNA levels. Mechanistically, we found that the impact of Bryostatin-1 treatment was primarily due to an
agonistic effect on PKC signaling, rather than an antagonistic effect as previously suggested. Moreover, downstream
of PKC activation, we identified a central role for the MEK/ERK pathway in inducing CD22 expression. Proteomic
analyses revealed an increase in protein translation pathways with a significant decrease in glycolysis, highlighting
metabolic changes. Furthermore, transcriptomic analyses revealed a potential role for the EGR2 transcription factor
in regulating physiological CD22 gene expression.

In conclusion, our observations demonstrate the role of the PKC/MEK/ERK signaling axis in directly modulating
CD22 expression in malignant B-cells. Identifying alternative therapeutic agents targeting this pathway and employ-
ing them in combination with CD22 CAR T-cells could further enhance CD22 CAR T-cell efficacy. The potential for
reversing CD22 antigen downregulation may re-sensitize leukemia cells to therapeutic targeting and establish the

foundation for adjuvant therapy to optimize immunotherapy responses.

58



ABSTRACT Poster #38 - Monday

Keywords: Cancer Immunology, Clinical Immunology, Infectious Disease, virus-associated cancers

Immunologic responses among participants receiving pomalidomide and lipo-
somal doxorubicin for Kaposi sarcoma with or without other KSHV-associated

Diseases

. Presenter: Matthew Witterholt

« Authors: Matthew Witterholt (1), Romin Roshan (2), Kathryn Lu-
rain (1), Anaida Widell (1), Irene Ekwede (1), James Glassbrook (1),
Ralph Mangusan (1), Thomas Uldrick (1), Laurie Krug (1), Denise
Whitby (2), Robert Yarchoan (1), Ramya Ramaswami (1)

- Affiliation(s): (1) HIV and AIDS Malignancy Branch, Center for
Cancer Research, National Cancer Institute, Bethesda, MD, USA
(2) Viral Oncology Section, Frederick National Cancer Laboratory,
Frederick, MD, USA

Abstract:

Background: Kaposi sarcoma herpesvirus (KSHV) is the causative agent of Kaposi sarcoma (KS), multicentric Castle-
man disease (MCD), and KSHV-associated inflammatory cytokine syndrome (KICS). In people with HIV (PWH), KS
can occur alone or with MCD or KICS. Liposomal doxorubicin (DOX) and pomalidomide (POM) are FDA-approved
therapies for KS alone. A phase I/II study combining POM/DOX identified varying KS response rates (RR) by group.
In participants (pts) in Group 1 (G1: KS alone) the RR was 71%, in pts in Group 2 (G2: KS with MCD or KICS), the KS
RR was 45%. Evaluating the immunologic response may further our understanding of the RR differences.

Methods: 51 pts (49 PWH, G1- 37 pts, G2- 14 pts) were enrolled in the POM/DOX study. Pts received DOX at 20
mg/m2 intravenously on day 1 combined with POM once daily on days 1 to 21 of a 28-day cycle. After adjusting for
quality control aspects, we analyzed T-cell subsets among 23 participants using flow cytometry of peripheral blood
mononuclear cells (PBMCs) at baseline and cycle 1 day 28 (C1D28). We evaluated markers of T-cell activation (CD38
and HLA-DR), exhaustion (PD-1), and senescence (CD57). KSHV-specific T-cell responses were evaluated via a whole
KSHYV proteome interferon-gamma ELISpot assay employing 7,500 overlapping 1smer peptides into peptide pools
representing 83 KSHV open reading frames. Assays were performed using fresh PBMCs collected and analyzed at
baseline and at cycle 4 day 28 (C4D28) among 47 pts. A response was positive if 3x¥ 40 spot-forming units (SFU)/106
cells were detected. Wilcoxon tests were used to analyze significant differences between groups and changes across
time points for flow cytometry and KSHV-specific T-cell responses.

Results: Among all pts, there was an increase in the percentage of CD4 T-cells from baseline to C1D28 (P=0.0004)
and a decrease in the percentage of CD8 T-cells from baseline to C1D28 (P=0.0009). The percentage of PD-1+ CD4
T-cells and PD-1+ CD8 T-cells were higher at baseline in G2 compared to G1 (P=0.01, P=0.007, respectively). Among
the effector memory (CD45RO+CD27-) T-cell population, G2 had higher percentages of PD-1+ CD4 T-cells (P=0.03),
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CD38+HLA-DR+ CD4 T-cells (P=0.02), CD38+HLA-DR+ CD8 T-cells (P=0.02), and CD38+ CD8 T-cells (P=0.03) than
G1 at baseline. Among the naive (CD27+CD45RO-) T-cell population, G1 had higher levels of CD38+HLA-DR- CD4
T-cells (P=0.007) and CD38+ CD4 T-cells (P=0.007) compared to G2. On assessing baseline to C1D28 changes be-
tween groups, only the percentage of CD38+HLADR- central memory (CM, CD45RO+CD27+) CD4 T-cells increased
and HLADR+CD38- CM CD4 T-cells decreased from G1 to G2 (P=0.05, P=0.02). Regarding the KSHV-specific T-cell
responses, there were no differences observed in the changes of breadth (P=0.8) and intensity (P=0.9) of responses
from baseline to C4D28 between G1 and G2.

Conclusion: Phenotypic differences at baseline in T-cells may account for the differences observed in treatment
response by group. Increased expression of exhaustion markers in effector memory subsets among pts in G2 may
account for differences in treatment response compared to pts in G1. The T-cell differences did not correspond to

KSHV-specific T-cell responses between the groups.
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Abstract:

Background: The costimulatory receptor 4-1BB (CD137) is expressed on the surface of activated T cells, playing a piv-
otal role in enhancing T cell responses and emerging as a promising target for cancer immunotherapy. Its primary
ligand, 4-1BBL (CD137L), is found on antigen-presenting cells and various immune cells. The interaction between 4-
1BBL and 4-1BB provides crucial costimulatory signals to both CD4* and CD8™ T cells, amplifying their activation
and effector functions. However, recent studies have shed light on a distinct role of 4-1BB in T cells. Prior work has
revealed that 4-1BB can distinguish intratumoral regulatory T cells (Tregs) from peripheral Tregs and other CD4 lin-
eage T cells in cancer patients, and the overexpression of 4-1BB on Tregs has been associated with unfavorable survival
outcomes. Additionally, targeting 4-1BB with IgG2a isotype antibodies has shown significant anti-tumor efficacy in
preclinical models by depleting Tregs. Furthermore, agonist monoclonal antibodies targeting 4-1BB have not only
shown promise in inducing tumor regressions but also demonstrated improved outcomes in mouse models of au-
toimmune diseases induced by autoreactive CD4™ T cells. These findings indicate the existence of specific ligands or
factors that modulate 4-1BB function on T cells that can vary depending on the disease state.

Methods: To identify potential ligand(s) involved in the modulation of 4-1BB function, we developed an innovative
CRISPR/Cas9-based transcriptional activation (CRISPRa) screening system that integrates CRISPR/Cas9-guide me-
diated gene activation, high avidity bead-based selection, serial enrichment, and flow cytometry-based monitoring.
This screening platform provides enhanced sensitivity for identifying extracellular interactions between receptor-
ligand partners that have not been fully characterized before, even with low-affinity.

Results: Through our unbiased CRISPRa screen, we discovered that Myelin-Associated Glycoprotein (MAG), also
known as siglec-4, a member of the siglec (sialic acid-binding immunoglobulin-like lectins) family, interacts with 4-
1BB in trans. Our study demonstrated that MAG binds to activated T cells via 4-1BB and inhibits their activation and
proliferation, suggesting a potential role of the MAG-4-1BB interaction in modulating T cell function. Notably, our
data revealed that trans-binding to MAG-positive cells inhibits c-Jun signaling in activated T cells. Furthermore, the

presence of MAG on target cells can hinder Chimeric Antigen Receptor (CAR) T-cell activity.
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Conclusion: Utilizing a highly efficient cell-based CRISPRa system, we discovered a novel interactor of 4-1BB
capable of modulating T cell activation through its interaction with 4-1BB. This interaction suggests an immunosup-
pressive role of 4-1BB, explaining the paradoxical roles of 4-1BB in T cells. These findings provide crucial insights for

the development of precise therapeutics targeting 4-1BB.
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Abstract:

The wild-type p53-induced phosphatase Wip1 (PP2Cdelta or PPM1D) is a member of the serine/threonine protein
phosphatase 2C (PP2C) family, known to de-phosphorylate the DNA damage response regulators ps3 and gH2AX. Due
to its capacity to inhibit p53, the Wip1 protein is overexpressed, or the PPM1D gene is amplified, in several human can-
cers. Studies on human cells have shown that overexpression of Wip1 compromises tumor suppressor functions, and
studies of mice that lack Wip1 show that they are resistant to tumorigenesis. Previously, we used syngeneic tumor
models to investigate the effects of ablating Wip1 in the murine immune system on tumor progression. Myeloid-
specific deletion of Wip1 delayed the growth of both B1o melanoma tumors and LLC1 lung cancer tumors, confirming
an important role of Wip1-deficient innate immune cells in anti-tumor immunity. We have recently found that Wip1
deletion in tumor infiltrating neutrophils (TANs) induces profound gene expression and phenotype changes, lead-
ing to an increase of their anti-tumor and immune functions and the emergence of a previously described specific
antigen-presenting population of neutrophils (nAPCs) characterized by increased phagocytotic capabilities. We iden-
tified CD48 and H2-Dma as important markers of this subpopulation in mice and used them to further characterize
this phenotype. Invivo experiments showed that PPM1D deletion in neutrophils leads to increased nAPCs infiltration
in tumors that is correlated with a slower tumor growth and a reduction in lymphocyte exhaustion. Single cell RNAseq
analysis of both human and mouse datasets show that nAPCs are present in both human and murine tumors and in-
teraction analysis showed that nAPCs have the potential to interact with the majority of immune cells present in the
tumor micro-environment, notably with exhausted CD8 T-cells, exhausted Thi cells, and macrophages/monocytes.
Interaction between nAPCs and exhausted T-cells leads to the activation of pathways linked to immune activation

and anti-tumor activity, providing an explanation for the reduced tumor growth. We used induced pluripotent stem
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cells obtained from patients with a loss-of-function mutation of PPM1D to show that PPM1D was also involved in
nAPCs differentiation in humans. Overall, these findings demonstrate the role of PPM1D in neutrophil differenti-
ation, and more specifically in the differentiation of the anti-tumor nAPCs, and start to elucidate their role in the
tumor microenvironment. They also reinforce the need to develop more efficient Wip1 inhibitors which could both

reactivate p53 functions in tumor cells and increase the anti-tumor capabilities of the tumor micro-environment.
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Abstract:

CD4™ T helper cells exhibit diverse functions and interact with a range of cell types throughout the course of an im-
mune response. One critical aspect of an effective CD4™ T cell response is the ability of naive cells to adopt various
cell states, all with unique functions, dependent on the specific immunological challenge. How the CD4™ T cell tran-
scriptional programs are regulated across these diverse contexts remains a critical question in understanding effec-
tive control of infections and cancer. Here, using three models of infection (LCMV Armstrong, LCMV Clone 13, and
Toxoplasma gondii) as well as a tumor model (orthotopic glioblastoma) in mice, we characterize the epigenomic and
transcriptomic states of antigen-specific CD4™ T cells at single cell resolution. Initially, by looking at the early and
late responses to acute and chronic infections we find that CD4™ T cells adopt unique phenotypes which are highly
dependent on the pathogen as well as the stage of disease. Furthermore, in the brain of mice infected with chronic
infections (LCMV Clone 13 or T. gondii), or inoculated with tumors (glioblastoma), we identify an enrichment of Thi-
like states which express distinct functional markers. Using in situ transcriptomic profiling we reveal that, rather
than being distributed randomly throughout the tissue or tumor, these subsets exhibit specific localization within
the tissue/tumor microenvironment, as well as putative interactions with other immune cell types. Together, these
findings shed light on how CD4™ T cell transcriptomic regulation enables divergent effector responses to differing
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immunological challenges.

66



ABSTRACT Poster #42 - Monday

Keywords: Cancer Immunology, Immunotherapy & Vaccines

Characterization of the anti-tumor efficacy of memory cytokine enriched NK

cells against tumors with neuroendocrine features

. Presenter: Kristen Fousek

« Authors: Kristen Fousek (1), Lucas Horn (1), Haiyan Qin (1),
Nika Rajabian (1), Miriam Marlene Medina-Enriquez (1), Shantel
Angstadt (1), Manju Saxena (2), Lennie Sender (2), Patrick Soon-
Shiong (2), Claudia Palena (1)

- Affiliation(s): (1) Center for Immuno-Oncology, Center for Cancer
Research, National Cancer Institute, Bethesda, MD, (2) Immunity-
Bio, Culver City, CA

Abstract:

Neuroendocrine neoplasms (NEN) consist of slow growing neuroendocrine tumors and highly proliferative neuroen-
docrine carcinomas. The incidence of NEN continues to rise, and despite the heterogeneity observed, treatments
used are those approved for small cell lung cancer (SCLC), a very aggressive tumor classically known as NE. Immune
checkpoint blockade (ICB) in combination with chemotherapy is approved in extensive stage SCLC, but only a subset
of patients experience improved survival. Lack of response to ICB is often attributable to low expression of MHC-class
1. Our group recently published that the lack of MHC-class I can instead be utilized to facilitate targeting by NK cells
and that further stimulation of the NK cells with an IL-15 cytokine superagonist (N-803) enables effective targeting of
SCLC of all phenotypes. This led us to hypothesize that cytokine stimulated memory-like NK cells may be effective in
targeting SCLC and other types of NE tumors. In the present study, the ability of memory cytokine enriched NK cells
(M-ceNK) to target human NE cell line models is evaluated.

M-ceNK are derived from an apheresis product (from healthy donors or cancer patients) and exposed to a cocktail
of cytokines including N-803, IL-12, and IL-18 until a highly purified CD3NEGCDs56HIGH cell population results.
Characterization across many donors indicates that M-ceNK are highly activated NK cells exhibiting increased natural
cytotoxicity receptors (NKp30, NKp44, NKp46) and minimal inhibitory markers (KLRG1, TIGIT), with one exception
being NKG2A, which is highly expressed. These highly activated M-ceNK exhibit elevated IFN-yamma and Granzyme
B production as well as increased reliance on glycolysis for their metabolic activity compared to healthy donor NK cells.

The functional killing capacity of M-ceNK was assessed via in vitro immune cytotoxicity assays; M-ceNK demonstrated
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a median of 69% lysis (range 35-89%) at an effector to target ratio of 5:1 across 6 SCLC models (DMS79, Hé69, H446,
H1048, DMS114, H841) as well as 66% and 43% lysis respectively in NE prostate cancer (H660) and lung cancer (H720,
H727) models as compared to 2% lysis (range 0-58%) with healthy donor NXK cells. Furthermore, in a combinatorial
strategy, the use of the NKG2A-targeting monoclonal antibody monalizumab, which is currently under evaluation in
clinical trials treating a range of cancer types, including SCLC, further improved the lysis activity of M-ceNK against
tumor cell line models expressing inhibitory HLA-E. Additionally, M-ceNK provided significant anti-tumor efficacy
in two xenograft models of SCLC (H69, DMS79) when administered with N-803 in vivo.

Patients with NE tumors have few good treatment options; these data demonstrate the potential of M-ceNK for the
treatment of NE tumors, including all subtypes of SCLC. Future studies will not only evaluate further immunotherapy
combinatorial approaches to treat NE tumors but will also evaluate M-ceNK in the settings of other ICB-refractory

tumors.
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Abstract:

Background Adoptive transfer of autologous T cells derived from tumor fragments cultured in IL-2 has been success-
ful in treating melanomas and select epithelial cancers . However, tumor-reactive T cells are a small percentage of all
TIL while most are bystander cells. Identification of neoantigen-reactive TIL for treatment involves time-intensive
testing of TIL cultures against patient-specific candidate neoantigens, resulting in selection of TIL at the fragment
rather than cell level and relying on tumor sequencing and testing of patient-specific reagents . Methods In this study,
we cultured multiple fragments from resected tumors together in GREX100 flasks with high dose IL-2 (n=9 patients).
In 3 weeks, these cultures yielded a median of 4.4e8 TIL. The large cell yield allowed the study of cell surface marker
expression for sorting tumor-reactive TIL by FACS. To identify candidate markers, we performed single-cell RNA-,
CITE- and T cell receptor (TCR)-sequencing on TIL expanded from a human rectal cancer lung metastasis. We cloned
and expressed high frequency CD8 TCRs in peripheral blood lymphocytes (PBL) and screened them for tumor reac-
tivity. Twelve TCRs showed functional reactivity to tumor neoantigens and 3 TCRs were reactive to tumor-irrelevant
CMV/EBV/Flu peptides (indicating true bystanders). Projecting these relevant TCRs onto the transcriptomic map
indicated that cells with tumor-reactive TCRs clustered separately from bystanders. Antibody expression analysis
showed CD103 as the top marker for reactive cells and CD31 for bystander cells. Subsequently we applied these mark-
ers to the 9 patients whose tumor fragments were grown as a bulk culture in GREX100 flasks to isolate potential tumor
reactive CD8™ TIL. Results We analyzed the expression of CD103 and CD31 within CD8™ TIL from pooled fragment
cultures of 9 metastatic epithelial cancer patients. The percentage of CD103+CD31- cells in these cultures ranged from
7.3%-33.3%. We sorted TIL according to CD103/CD31 expression and performed a rapid expansion protocol (REP). The
CD103+CD31- population had a median expansion of >800 fold. Subsequent screens against candidate neoantigens
demonstrated enriched reactivity among CD103+CD31-CD8™ TIL in in 7/9 (77.8%) patients compared to bulk CD8*T
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cells with mean functional reactivity (upregulation of 4-1BB following co-culture with on-target stimulus) among the
CD103+CD31-CD8™ TIL of 20.7% and median fold enrichment is 5.7% over bulk CD8" TIL. Further, single-cell TCR
sequencing analysis performed on the reactive T cells enabled identification and validation of 1-3 unique neoanti-
gens for each of these patients. Interestingly, single-cell RNA/TCR studies performed on the sorted cells for 3 of the
patients showed that CD103+CD31- CD8™ preferentially expresses ZNF683, a marker for good phenotype indicating
their potential to be more effective in mediating an anti-tumor response in patients. Conclusions Taken together,
this study has strong implications for the identification of reactive CD8* TIL from bulk cultures of tumor fragments
without requiring patient-specific reagents for testing. Studies are ongoing in scalability of this approach to generate
high numbers of these TIL for patient treatment. If successful, this approach will substantially decrease the time to

treatment and avoid the need for personalized tumor sequencing.
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Abstract:

The aggressive nature and dismal prognosis of glioblastoma, a grade 4 glioma, may partly be due to its limited abil-
ity to induce anti-tumor T cell responses within the brain. Using vaccines to generate tumor-specific T cells may be
beneficial to patients if the T cells can go to the brain and remain functional within the immunosuppressive tumor
microenvironment. Heterologous prime-boost vaccination with chimpanzee adenovirus (ChAdOx1) and modified
vaccinia Ankara (MVA) viral vectors can generate high frequencies of CD8" T cells specific for tumor antigens, but
this has not been studied in the context of glioblastoma. Therefore, we endeavored to test preclinically whether this
peripheral vaccination strategy could induce effective T cell responses in the brain. We utilized a poorly immuno-
genic, orthotopic syngeneic SB28.P1A glioblastoma model expressing P14, a murine tumor-specific antigen. Pro-
phylactic vaccination with ChAdOx1/MVA vaccines encoding P1A significantly prolonged the survival of mice chal-
lenged with SB28.P1A tumors compared to controls, with 30% of mice showing complete remission. We observed
tumor-specific enrichment of P1A-specific CD8™ T cells, with 40% of CD8 ™ T cells P1A/H-2Db tetramer+ in the tumor-
bearing brain hemisphere, compared to only 20% in the contralateral hemisphere and 5% in the blood. Interestingly,
70% of tumor-infiltrating P1A-specific CD8™" T cells had a CD103+ CD69+ T resident memory (Trm)-like phenotype.
Long-term surviving mice maintained consistent levels of antigen-specific Trms in their brains at day 70 and day 175
post-tumor challenge, despite a three-fold decrease in circulating antigen-specific T cells, indicating durable T cell
memory within the brain parenchyma. Furthermore, survivors were protected against a second orthotopic but not
subcutaneous SB28.P1A rechallenge, demonstrating tissue-specific memory. To evaluate whether antigen-specific

Trms are sufficient to mediate protection against glioblastoma, we adoptively transferred sorted T cells from vacci-
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nated, tumor-bearing mice into the brains of naive mice, then challenged them with SB28.P1A in the same location
one week later. Strikingly, mice that received P1A-specific brain-derived Trms had significantly prolonged survival
compared to mice with non-tumor-specific brain CD8" T cells or with P1A-specific blood-derived non-Trm CD8™
cells. The sufficiency of vaccine-induced Trms to mediate protection against glioblastoma is promising when viewed
in the context of recently published glioblastoma patient data suggesting that higher Trm prevalence correlates with
improved clinical outcomes. Ongoing work aims to determine Trm localization within the glioblastoma microenvi-
ronment and characterize the induction kinetics and differential functionality of antigen-specific CD8 " T cell subsets
in the brain. Overall, this preclinical study demonstrates the capability of ChAdOx1/MVA vaccination to induce high
frequencies of antigen-specific Trms in the brain and mediate protection against glioblastoma, making it an attrac-

tive candidate for translation into clinical trials for patients with glioblastoma.
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Abstract:

Intratumoral (IT) immunotherapy can stimulate the tumor microenvironment (TME) and enhance anti-tumor immu-
nity. We investigated IT delivery of three licensed viral vaccines - VZV (Shingrix), HPV (Gardasil-9), and SARS-CoV-2
(Spikevax) - in prevaccinated mice using a murine model expressing HPV16 oncogenes E6 and E7. Shingrix IT often in-
duced tumor regression and resistance to secondary challenge. Injecting a gE MHC-II-restricted peptide with polyl:C
alsoled to durable remission, highlighting the role of gE-specific CD4™ T cells. While Gardasil-9 alone was ineffective,
combining Gardasil-derived MHC-I-restricted peptide with Shingrix enhanced tumor regression. Both approaches
elicited CD8™ T cells against the E7 tumor viral oncogene. TME analysis revealed remodeling of the myeloid compart-
ment, significant induction of IFN-a?, TNF-c«, and CXCL9 and broad gene expression reprograming. In a dual-flank
model, IT injection of Shingrix with an E7 neoantigen eliminated primary and non-injected tumors. SARS-CoV-2
mRNA vaccine IT injection showed modest tumor growth delay, while improved control was observed with spike-
derived epitope and polyl:C. These results demonstrate the potential of licensed vaccines as promising platforms for
IT immunotherapy, either alone or combined with vaccine- or tumor-derived MHC-I-restricted peptide epitopes.
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Abstract:

Targeting the surface molecules expressed on malignant cells has been a hallmark of tumor immunotherapy, clinically
proven by one of the earliest monoclonal antibodies, trastuzumab, against Human Epidermal growth factor Receptor
2 (HER2) in breast cancer. Although the success improved the survival of patients, the response to immunotherapy
varies, wherein some patients do not respond or acquire resistance to trastuzumab. The tumor microenvironment
(TME) can play a role in how a patient responds to certain drugs. Here, we explored the role of HER2 positive exo-
somes in counteracting one of the mechanisms of actions of trastuzumab, antibody dependent cell mediated cyto-
toxicity (ADCC). We performed a comprehensive analysis of exosomal HER2 expression on exosomes purified from
plasma of breast cancer patients and different breast cancer cell lines using various purification methods. Purified ex-
osomes were analyzed using the single-particle interferometric reflectance imaging sensor (SP-IRIS)-based ExoView
platform. To gain better insight into the formation of exosomal-immune complexes with trastuzumab, we used Ex-
oView platform to analyze the CD9/HER2/Human IgG phenotype of exosomes at a single vesicle level. Additionally, in
a standard functional ADCC assay, formation of exosome-immune complexes with trastuzumab reduced the killing
of breast cancer target cells. Overall, SP-IRIS-based analysis can be applied to identify HER2 positive exosomes as
biomarkers in patient samples and additional mechanisms revealed that HER2 positive exosomes act as decoys for
immunotherapy and consequently impacting the efficacy.
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Abstract:

Relapsed head and neck squamous cell carcinoma (HNSCC) cases unrelated to HPV infection present with a poor
prognosis. Novel approaches are needed to improve the clinical outcome and prolong survival in this patient pop-
ulation which has poor long-term responses to immune checkpoint blockade. Our current study evaluated the
chemokine receptors CXCR1 and CXCRz2 as potential novel targets for the treatment of HPV-negative HNSCC and
combination therapy strategies for this disease. Overexpression of CXCR1, CXCR2, and their ligands, including
IL-8, in several tumor types has been shown to promote mechanisms of tumor progression and drive resistance to
chemotherapy and immunotherapy by increasing tumor angiogenesis, inducing tumor cellular plasticity leading to
increased tumor cell migration, invasiveness, and resistance to cell death, and chemoattracting polymorphonuclear
myeloid-derived suppressor cells (PMN-MDSC) to the tumor microenvironment. Our initial analysis of HNSCC tis-
sues via RNA in situ hybridization revealed high levels of IL-8, CXCR1, and CXCR2 expression were in HPV-negative
compared to HPV-positive HNSCC tumors or cell lines. Treatment of HPV-negative HNSCC cell lines in vitro with
SX-682, a clinical stage, small molecule CXCR1/2 inhibitor, sensitized the tumor cells to the cytotoxic activity of
docetaxel. In addition, In vivo, treatment of HNSCC xenograft models with the combination of SX-682 plus doc-
etaxel led to strong anti-tumor control resulting in tumor cures. This phenomenon was associated with an increase
of microRNA-200c (miR-200¢) and a decrease of tubulin beta-3, a protein involved in resistance to microtubule-
targeting chemotherapies. Additionally, in vivo treatment of a murine syngeneic model of HNSCC with SX-682 plus
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docetaxel led to potent anti-tumor efficacy through a simultaneous decrease in suppressive CXCR2+ PMN-MDSC
and an increase in cytotoxic CD8 T cells in combination therapy treated tumors compared to controls. This study re-
ports, for the first time, mechanistic findings through which the combination of CXCR1/2 inhibition and docetaxel
chemotherapy exhibits synergy in models of HPV-negative HNSCC. These findings provide rationale for the use of this
novel combination approach to treat HPV-negative HNSCC patients and for future combination studies of CXCR1/2

inhibition, docetaxel, and immune-based therapies.
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Abstract:

Background: Monoclonal antibodies (mAbs) improve survival of patients with mature B-cell malignancies. Fcy-
receptor dependent effector mechanisms kill tumor cells but can promote antigen loss through trogocytosis that con-
tributes to treatment failures. Initiation of the complement cascade by cell-bound mAbs deposits complement C3 on
the surface of target cells promoting cells lysis by the membrane attack complex. However, not all the mAb-targeted
B cells are killed, and substantial numbers of surviving B cells have lost target antigens through trogocytosis but are
covalently tagged with complement C3d remain.

Aims: We sought to test the hypothesis that covalently attached C3d fragments deposited on B cells by complement
fixing mAbs constitute a neoantigen suitable for targeting antigen loss variants and, when used in combination with
a complement fixing mAb, can increase efficacy of mAb therapy.
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Methods: We generated mouse and rabbit mAbs specific for C3d and selected 3 mAbs that bind non-overlapping
epitopes to construct human IgG1 chimeric mAbs, mouse/human (m/h) and rabbit/human (r/h). We used cell lines
HBL-2 (Mantle Cell Lymphoma), SU-DHL-6 (Diffuse Large B Cell Lymphoma), and MM.1R (Multiple Myeloma) to
test in vitro and in vivo efficacy of C3d mAbs. Cell lines were injected subcutaneously, mAbs were administered i.p.
starting one week after tumor challenge and continued for 4-8 weekly injections. Mice were sacrificed when pre-
determined limits of tumor burden were reached.

Results: We obtained cells from patients with chronic lymphocytic leukemia 24 hours after ofatumumab admin-
istration; these cells had lost CD20 and carried covalently bound C3d. the m/h mAb C8xi selectively engaged C3d-
opsonized CLL cells at low nanomolar concentrations and effectively killed these cells in patient-derived xenografts.
However, C8xi did not react with murine C3d. The r/h mAbs (588 and d301) cross-reacted with murine C3d. In lym-
phoma xenografts, co-administration of a r/h C3d mAbs with CD20 mAb was more effective than the CD20 mAb alone:
in HBL-2 xenografts median survival increased from 35 days with ofatumumab alone to 63 days for the combination
(P=0.012). In SU-DHL-6 xenografts, median survival was 114 days for CD20 mAbs treated mice and not reached for
mice treated with CD20 combined with a C3d mAb (P=0.008); tumor-free survival at 6 months was 20% for mice
treated with a CD20 mAb alone and 75% for mice treated with the combination. In surviving mice, there was no evi-
dence of adverse effects or tissue damage. In MM.1R xenografts treated with 20mg/kg daratumumab median survival
was 43 days. Median survival for mice treated with daratumumab combined with a C3d mAb (each 10mg/kg) was 162
days (P = 0.006) and 13 of 26 (50%) mice survived tumor-free beyond 200 days.

Summary and Conclusions: C3d-targeting with a specific mAb can provide a decisive “one-two-punchd” to en-
hance efficacy of mAbs commonly used to treat B-cell malignancies. We propose to test administration of C3d mAbs
concurrently or sequentially with a primary complement-fixing mAb. T-cell engaging bispecific C3d mAbs, or FC

domain engineering could rapidly bring additional effector functions to many clinical indications of mAb therapy.
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Abstract:

Materials that interact with biological systems have been engineered for biomedical applications. These biomaterials
have revolutionized cancer care by enabling targeted and sustained drug delivery, reducing side effects, promoting
tissue regeneration and recovery. In addition to these benefits, every implanted biomaterial triggers a spectrum of
host immune responses that depend on its composition and architecture, ultimately affecting its function. Extracel-
lular matrix (ECM) scaffolds derived from decellularized mammalian tissues are implanted in patients to surgically
reconstruct damaged tissues following tumor resection. These scaffolds initiate a Type 2 immune response driven by
the IL-4 cytokine, promoting scaffold remodeling and tissue regeneration. While previous studies have explored the
use of ECM scaffolds in cancer care, a few have investigated their potential as delivery platforms for cancer vaccines,
particularly in inducing cytotoxic immunity. Here, we explore the use of engineered ECM scaffolds as therapeu-
tic cancer vaccines that can maintain an immune microenvironment consistent with tissue reconstruction. Porcine
small intestine submucosa (SIS) was decellularized, lyophilized, and cryomilled to form SIS-ECM particles, which
were then sterilized by irradiation. Decellularization was confirmed by a 95% reduction in double-stranded DNA con-
tent (from 6792.49 A+ 184.65 to 282.83 A+ 60.62 ng/mg). We screened cancer vaccine adjuvants, CDA (cyclic diAMP;
STING agonist), GM-CSF (cytokine), and MPLA (monophosphoryl lipid A; TLR4 agonist), for co-delivery with an ECM
scaffold by subcutaneous implantation in C57Bl/6 mice. STING agonist CDA emerged as the most potent cytotoxic in-
ducer when delivered with the SIS-ECM scaffold. Quantitative histology of the SIS-ECM implant showed that MPLA
induced 5840 A+ 534 cells/mmz2, the greatest cellularity after 14 days, qualitatively mimicking infection, and approx-
imately half that amount for GM-CSF or CDA adjuvants. Multiplex immunofluorescent staining showed SIS-ECM
alone was effective in attracting antigen-presenting cells (APCs; F4/80+) by 7 days of implantation with 1314.73 A+ 844
cells/mm2 which increased by 38.6% with CDA. Peripheral blood plasma evaluation using Luminex cytokine panel
did not show any deleterious systemic cytokine dysregulation. In the cytotoxic T-lymphocyte (CTL) assay, that mea-
sures response against T cell dependent antigens, CDA showed greater than 95% specific killing with and without SIS
more than MPLA showed (56% with SIS and 85% without SIS) indicating that CDA can be delivered locally with SIS to
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induce antigen-specific immunity. Further, CDA did not diminish the Type 2 immune signature of SIS-ECM driven
by IL-4 cytokine which is a hallmark ECM immune response as shown by il-4 gene expression data of LN. Finally,
SIS+CDA led to a complete response in the E.G7-OVA lymphoma therapeutic tumor model, curing 50-75% of animals
mediated through CD8™ cytotoxic T cell. No tumor regression was observed in the control SIS or CDA groups. SIS-
ECM scaffold-assisted vaccination generated long-term antigen-specific memory, producing 4-fold effector memory
CD8™ T cells (Tem) in response to tumor challenge compared to untreated controls. In conclusion, ECM scaffolds are
an effective delivery system for cancer vaccines, enhancing efficacy while preserving the distinctive characteristics of
tissue-regenerative immune responses and may hold clinical promise for local immunotherapy post-tumor resection.
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Abstract:

Chimeric antigen receptor (CAR) T-cell therapy has achieved remarkable success in the treatment of hematologic ma-
lignancies, resulting in a high level of remission. However, this therapy triggers systemic life-threating toxicities in-
cluding cytokine release syndrome (CRS) for many patients. High feverd>(xa hallmark of CRSaxxfrequently occurs
in CAR T-treated patients but its impact on the therapeutic efficacy of CAR T-cell therapy remains unclear. Notably,
evaluation of patients with relapsed/refractory B-acute lymphoblastic leukemia (B-ALL) treated with CD22-targeted
CAR T-cells (NCT02315612, PI: N. Shah) revealed a negative correlation between fever and clinical responsiveness.
We therefore experimentally evaluated the impact of hyperthermia on CAR T-cell function and found that even a 30-
minute exposure of CAR T-cells to temperatures of 40 A°C disrupted proximal CAR signaling and synapse formation.
This resulted in aberrant regulation of the mTOR-cMYC axis, associated with significant changes in metabolic gene
signatures. Indeed, hyperthermia-exposed CAR T-cells displayed significant decreases in both glycolysis and oxida-
tive phosphorylation (OXPHOS). Most importantly, hyperthermia-exposed CAR T-cells exhibited dramatically atten-
uated anti-leukemia cytotoxicity, both ex vivo and in vivo in humanized mouse models. In an attempt to overcome
this defect, we evaluated the metabolomic profile of hyperthermia-exposed CAR T-cells and found that L-arginine, a
semi-essential amino acid that activates the mTOR axis and stimulates OXPHOS, was present at significantly lower
levels. We therefore assessed whether arginine supplementation during the CAR T-cell activation would alter their
potential to withstand exposure to hyperthermia. Notably, pre-treatment of CAR T-cells with arginine significantly
enhanced their anti-leukemia cytotoxic potential following exposure to hyperthermia. Moreover, even under nor-
mothermic conditions, arginine treatment during the CAR T-cell manufacturing process resulted in improved anti-
tumor cytotoxicity and metabolic fitness following repeat exposure to leukemic cells, associated with a preservation
of CAR T-cells with a stem-like memory phenotype. Mechanistically, we found that enhanced CAR T-cell function
resulted from an arginine-mediated induction of the eIF4F translation initiation complex. These findings highlight

the potential for arginine-induced stimulation of protein translation to enhance the efficacy of CAR T-cell therapies.
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Abstract:

Background Chimeric antigen receptor (CAR) T-cells have shown limited efficacy in solid tumors, including neu-
roblastoma (NB) due to poor trafficking, limited persistence, and the immunosuppressive tumor microenvironment
(TME). We developed 67Cu-LLP2A4, a targeted radiopharmaceutical therapy (RPT) agent, that binds VLA4-expressing
NB. We hypothesize that 67Cu-LLP2A improves CAR-T cell efficacy by reducing tumor burden through direct cell death
and modulating the TME to enhance T-cell engraftment and persistence. Aims Evaluate the efficacy of 67Cu-LLP2A
TRT combined with CAR-T cell therapy in SK-N-AS-bearing NOD SCID gamma (NSG) mice. Investigate the immune-
sensitizing effects of 67Cu-LLP2A in NB and CAR-T cells. Methods NSG mice orthotopically injected with SK-N-AS
were treated with 0.5 mCi 67Cu-LLP2A or saline (Day -4) and injected with saline, untransduced (mock), or B7-H3
CAR-T cells (Day 0). Tumor growth was monitored by IVIS, and spleens and tumors were harvested and analyzed by
FACS at Day 28 post-CAR injection. Single-cell (sc) RNA-sequencing (RNA-seq) was performed on tumor samples at
peak expansion of CAR T-cells in the TME to assess TME modulation. The effect of low-dose radiation was evaluated
with bulk RNA-seq in SK-N-AS and IMR-5 cells in vitro after treatment with PBS or 67Cu. Results NSG mice treated
with 67Cu-LLP2A and B7-H3 CAR T-cells showed a significantly reduced tumor IVIS signal and weight by Day 2.8 post-
CAR injection compared to saline + B7-H3 CAR T-cells (p<0.01). Pre-treatment with 67Cu-LLP2A increased CAR T-cell
infiltration into the tumor and reduced murine myeloid cell proportions in the TME. Additionally, higher frequencies
of tumor-infiltrating CDé62L+ CD45RA-central memory T-cells were found with the combination compared to CAR
T-cells alone. Low-dose radiation induces the activation of pro-inflammatory pathways involving TNFa and IFN~ in
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IMR-5 cells but not in SK-N-AS cells. Conclusion 67Cu-LLP2A RPT improves CAR T-cell efficacy by enhancing T-cell
trafficking, reducing tumor-associated myeloid cells, and activating inflammatory pathways in NB.
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Abstract:

Background: Medullary thyroid cancer (MTC) is a rare malignancy of parafollicular cells, accounting for 2-4% of all
thyroid cancers in the United States. While early stage MTC can be treated with high success, metastatic disease -
accounting for 10% of patients at diagnosis and developing in 20-40% of all patients - is currently incurable. Con-
sequently, there is a significant unmet need to develop novel therapeutic options for these patients. Notably, GDNF
Family Receptor Alpha 4 (GFRa4) expression has been found to be limited to MTC and parafollicular cells, making
it an attractive target for chimeric antigen receptor (CAR) therapy. Methods: Six unique anti-GFRa4 CAR lentivi-
ral constructs - incorporating two different scFvs and three distinct hinge-transmembrane domains (Figure 1) - were
engineered. CARs were introduced into primary human T cells by lentiviral transduction. Functional activity of gen-
erated CAR T cells against GFRa4+ MTC tumor cellline, TT, and a GFRa4-overexpressing leukemic line was evaluated
using high throughput cytokine secretion assays, ex-vivo cytotoxicity studies (xCelligence or Incucyte) and in-vivo
(NSG mouse) models. Results: GFRa4-targeting CARs were efficiently expressed at the surface of transduced pri-
mary human T lymphocytes. P410-based CARs with a CD8 or CD28 hinge revealed higher cytokine polyfunctionality
than CARs with the initial GS10 hinge, as assessed in response to GFRa4-expressing MTC cells (Figure 2). These CARs
also exhibited high levels of chemokine secretion, significantly higher than that detected for CD19 CAR T cells in re-
sponse to NALMé6 leukemia (Figure 2). GFRa4 CARs with humanized scFvs only exhibited low cytokine secretion
profiles. Based on these data, we evaluated the cytotoxic function of anti-GFRa4 CAR T cells harboring the P410 scFv
and found robust cytotoxic activity against both GFRa4high and GFRa4low tumor cells (Figure 3). Moreover, in vivo

studies in NSG mice revealed significant killing of both GFRa4high and GFRa4low tumor cells by anti-GFRa4 P410
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CARs (Figure 4). Conclusions: CAR T cells utilizing the P410 scFv exhibit robust ex-vivo and in-vivo efficacy against
GFRa4+ medullary thyroid carcinoma. We anticipate that our new modular P410-based CARs with high cytokine as

well as chemokine polyfunctionality will inform future iterations of a CAR T cell trial for the treatment of MTC.
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Abstract:

Chimeric antigen receptor (CAR) T-cells represent a transformative approach in cancer therapy, enabling HLA-
independent recognition of tumor antigens. While CAR T-cell therapies have shown success in treating B-cell ma-
lignancies, 3x®50% of patients achieve long-term remission, with limited expansion and persistence linked to poor
outcomes. Effective T-cell responses require a massive increase in metabolic activity to meet energetic and biosyn-
thetic demands. Beyond ATP and biosynthesis, metabolic pathways regulate critical processes such as signaling, epi-
genetics, and proteomics. Thus, strategies to optimize T-cell metabolism in nutrient-scarce tumor microenviron-
ments hold significant potential. Importantly, T-cells adapt their metabolism based on extracellular signals, utilizing
various fuel sourcesi><such as glucose, lactate, amino acids, acetate, and lipidsaxxin a highly context-dependent
manner. While successful metabolic interventions must be tailored to these variable conditions, the impact of CAR
signaling on T-cell metabolism - as well as the subsequent metabolic changes of CAR T-cells post-infusion in vivo -
remains unknown. We employed an integrated metabolic and robotic cytokine pipeline to investigate CAR activa-

tion across various CAR constructs targeting CD19/CD22 and CD33 antigens, used in NCI clinical trials. Our analyses
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revealed distinct patterns in metabolic and cytokine profiles which primarily clustered according to the scFv/anti-
gen target pair, with only a secondary influence from the costimulatory domain. Across all conditions, ex vivo CAR
T-cell metabolic activity positively correlated with the secretion of inflammatory cytokines, including IL-2, IFN-o?,
and TNF-«. Notably, T-cells with the highest glycolytic and oxidative phosphorylation (OXPHOS), such as those ex-
pressing the CD1928z CAR, exhibited only a minimal reliance on OXPHOS to sustain protein translation, indicating
significant metabolic flexibility. In contrast, T-cells with lower metabolic fluxes, such as those expressing a CD22 or
CD33 CARs, were significantly more dependent on OXPHOS for protein translation, with levels reaching up to 50%.
However, since in vivo physiological T-cell activation may induce markedly distinct metabolic profiles as compared in
vitro, it was critical to assess the potential metabolic reprogramming of CAR T-cells following their adoptive transfer
into patients. Analyses of post-infusion CAR T-cell samples from patients with B-cell acute lymphoblastic leukemia
enrolled in NCI CAR trials (NCT02315612, NCT03448393, NCT05098613) revealed significant differences as compared
to infusion products, with post infusion CAR T-cells exhibiting a markedly increased dependence on OXPHOS and
glutamine metabolism and a reduced reliance on glycolysis. Importantly though, in patients who developed cytokine
release syndrome (CRS), we detected a substantial reduction in levels of plasma amino acids such as glutamine and
arginine that are critical for supporting OXPHOS. In accord with these data, our analyses of large public scRNAseq
dataset of post-infusion CAR T-cells showed a marked upregulation of OXPHOS and TCA cycle gene signatures in
responders compared to non-responders. Thus, our data reveal the critical nature of a metabolic shift in expanding

CAR T-cells in vivo that will inform future iterations of CAR T-cell therapies.
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Abstract:

Major histocompatibility complex class I (MHCI) downregulation is a main mechanism of tumor immune evasion.
Natural Killer (NK) cells are capable of targeting tumor cells with low/no MHCI expression without requiring antigen
presentation or prior exposure. Higher NK cell gene expression and protein markers in solid tumor patients are cor-
related with improved outcomes, and NK cells have strong potential as a cellular immunotherapy for solid tumors.
However, NK cells are limited by an immunosuppressive solid tumor microenvironment (TME), where transforming
growth factor-5 (TGF-/5) is abundant and suppresses NK cell cytokine production via SMAD3 signaling, downreg-
ulates activating cell surface receptors, and attenuates NXK cell cytotoxic function. TGF-3 treatment of NK cells ex
vivo abrogates these effects, rending the resulting cell product (TGF-3 imprinted, or TGF-i, NK cells) less sensitive
to TGF-8 immunosuppression. These cells have increased in vitro tumor cell killing and cytokine production in the
presence of TGF-/3 as compared to TGF-/3 naive NK cells. However, their in vivo trafficking dynamics, modulation
of the TME, and therapeutic efficacy remain understudied. Previous murine studies from our lab have shown that
genetically engineered myeloid cells producing IL-12 (IL-12 GEMys) are able to home to primary and metastatic tu-
mor sites where they secrete IL-12, reverse TME immunosuppression, and induce an anti-tumor adaptive immune
response. There is also increased NK cell abundance and activation in these sites as well as in the pre-metastatic lungs
of these mice. We hypothesize that combination therapy with GEMys able to activate innate immune cells can improve
the efficacy of TGF-5i NK cell therapy.

This study aims to test the anti-tumor efficacy of TGF-fi NK cells in combination with IL-12 GEMys against solid
tumors. We utilized the xCELLigence real-time cell analysis platform to measure RH-30 tumor cell death after co-
culture with healthy donor (WT) or TGF-3i NK cells alone and in combination with IL-12 GEMys. TGF-{3i NK cells were
significantly more effective at tumor cell killing compared to WT NK cells alone (p < 0.0001), but IL-12 GEMy treatment
was able to significantly enhance tumor killing by WT NK cells vs control (p < 0.01). Flow cytometry demonstrated a
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trend of increased degranulation by TGE-3i NK cells in the presence of IL-12 GEMys. Both WT and TGF-i NK cells co-
cultured with IL-12 GEMys had more than fivefold increase in IFN~y production (p < 0.001) compared to WT or TGF-Si
NK cells alone. TGF-fi NK cells show moderate anti-tumor efficacy in RH-30 tumor bearing NSG mice compared to
no treatment controls.

Continued in vivo experiments will combine TGF-Si NK cells with IL-12 GEMy therapy to evaluate tumor growth
and survival. Time course experiments are planned to evaluate metastatic burden and TGF-5i NK cell migration
when given alone and as combination therapy. Further studies with flow cytometry, spatial imaging, and single cell
sequencing will be performed to more deeply evaluate the immune and stromal landscape of the TME following com-
bination therapy. These studies provide valuable insights into the promise of NK-myeloid combination cell therapies

in the treatment of relapsed pediatric sarcomas.
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Abstract:

Background: T- cell receptor (TCR)-engineered T cells have demonstrate clinical activity in a subset of solid tumors.
However, tumor immune evasion leading to tumor antigen heterogeneity and downregulation of MHC class I can im-
pede efficacy of this therapy. To recognize and kill tumor cells, NK cells sense MHC class I defects and utilize an array
of activating receptors that detect ligands expressed during malignant transformation. Allogeneic NK-cell transfer
has been shown to be safe, offering the possibility for an”off-the-shelf” product. To enhance tumor recognition and
the cytotoxic functions of adoptive NK cells in vivo, we have engineered NK cells to express a tumor-targeting TCR
and membrane-tethered IL-15/IL-21. Methods: We have optimized a method to engineer NK cells from the periph-
eral blood of healthy volunters to express various TCRs targeting antigens expressed in solid tumors (HLA-A*02:01-
restricted TCRs targeting HPV16 E7, NY-ESO-1 and HLA-A"o1:01-restricted TCR targeting KK-LC-1) with or without
membrane-tethered IL-15 or IL-15/IL-21 using co-transduction with retroviral vectors. The cytotoxic activities of en-
gineered NK cells were compared to non-engineered NK cells and TCR-T cells in vitro and in vivo. Results: Specific
cytotoxicities of TCR-armed NXK cells (TCR-NK) were equivalent to those observed with T cells expressing the identi-
cal TCR. Similar to non-engineered NXK cells, TCR-NK cells also mediated NK cell-inherent killing functions including
increase cytotoxicity against tumors with MHC class I defects and tumors coated with antibodies. Importantly, TCR-
NK cells could simultaneously kill antigen/MHC class I+ cells and MHC class I deficient tumor variants. Although
expression of tethered IL-15 alone drives proliferation and supports the cytotoxicity of TCR-NK cells, co-expression
with tethered IL-21 is essential to completely eradicate tumors in a setting where tumor cells outnumbered effector
cells by 10 folds. In vivo model, membrane-tethered IL-15/IL-21 TCR-NK cells infiltrated and significantly reduced the
growth of antigen/MHC class I+ solid tumors while TCR-NK cells alone could not. Importantly, membrane-tethered
IL-15/1L-21 TCR-NK cells were more effective than TCR-T cells at controlling the growth of mixed tumor composed of
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both MHC class I- and antigen/MHC class I+ cells. Conclusions: Co-expression of TCR and membrane-tethered IL-
15/1L-21in NK cells enhances their cytotoxicity capacity. Combining TCR-mediated and NK-specific cytotoxic mecha-
nisms allows NX cells to target both antigen-expressing tumor cells and MHC class I-deficient tumor cells, which may
prevent tumor immune evasion. This approach, in conjunction with the potential use of an ”off-the shelf3” allogeneic
cell product, could improve treatments for more patients with solid tumors.
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Abstract:

We have recently shown that anti-MHC-I mAbs in both human and murine systems can stimulate immune re-
sponses to tumors and infections by competitively blocking inhibitory signals delivered by engaging MHC-I-specific
inhibitory receptors of several inflammatory cell types. To map precisely the footprints of these antibodies and to
better understand and manipulate their activity, we have determined the structures of several antibody/MHC-I com-
plexes by cryo-electron microscopy (cryoEM), using a new protocol for improvement of map resolution. We describe
the interactions of two such mAbs, B1.23.2, with HLA-B*44:05, and the pan-anti-mouse MHC-I mAb, M1/42, with
H2-Dd, respectively. The structural insights indicate these mAbs compete with the inhibitory receptors (Ly49 in mice
and KIR in humans) in binding to MHC-I that block the inhibitory interactions and enhance activation signals, re-
sulting in suppression of tumor growth. The application of such anti-MHC-I mAbs to block the interactions with NK

inhibitory receptors may offer new avenues for immunotherapeutic intervention against cancer.
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Abstract:

Tumors are able to evade the immune system using a variety of mechanisms, including the reprogramming of se-
lect immune cell populations. Early responders such as neutrophils, macrophages and other myeloid cells have been
shown to undergo changes in gene expression and behavior, therefore becoming new cell types such as the poorly
defined tumor associated neutrophils (TANs) and macrophages (TAMs), that facilitate tumor progression and malig-
nant transformation. Little is known about the sequence of events leading to this switch in the immune system at the
very early stages of cancer, which would be highly valuable in developing novel and more effective immunotherapies
for cancer. In this study, we follow the myeloid cell population during initiation and progression of oral squamous
cell carcinoma within the same animal using state-of-the-art multiphoton microscopy in. To this end, we use a car-
cinogen model for head and neck squamous cell carcinoma where tumorigenesis is triggered by administration in the
drinking water of the tobacco-mimetic 4NQO. The developing tumors in the tongue are imaged bi-weekly at cellular
and subcellular resolution over a period of 24 weeks. Notably we discovered that within the same animal only 50%
of the lesions progress to carcinoma, whereas the remaining either arrest at earlier stages or totally regress. By uti-
lizing transgenic mice that express the green fluorescent protein (GFP) in myeloid cells, we tracked the history of the
myeloid cells’ interaction and infiltration before tumor initiation and through all the tumor stages (i.e. hyperplasia,
dysplasia and carcinoma in situ). We show that myeloid migration into the tongue epithelium occurs at week 2-3 after
the administration of 4aNQO, hyperplastic lesions are detected around week 8-10, dysplastic lesions at week 14-18 and
carcinoma in situ around week 20-24. Notably, early lesions (hyperplasia, mild dysplasia) are often accompanied by
myeloid cells recruitment in the epithelium surrounding the developing lesion. At more advanced stages (severe dys-
plasia, carcinoma) myeloid cells infiltrate in the tumors. Interestingly, myeloid cells within regressing lesions display
a clustering and phagocytosing phenotype, not observed in myeloid cells within progressing lesions. These behavioral
differences in the tumor-infiltrating myeloid cells are associated with changes in the NADH levels within the tumor

cells, suggesting a metabolic switch in the early lesion that may facilitate the process.

94



In conclusion, we have identified a potential stage in which the fate of developing tumor lesion is determined
based on changes in cellular metabolisms and the switch of the myeloid immune cell populations from anti- to pro-

tumorigenic.
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Abstract:

Role of recognizing pathogen-associated molecular patterns by pattern recognition receptors in skin carcinogenesis
has not been extensively studied. Analysis of human TCGA database reveals many mutations of the Toll-Like Re-
ceptor 4 (TLR4) gene in human skin cancers. While it remains to be fully revealed what role PRRs play in response
to increased environmental and commensal bacteria for carcinogenesis. To explore the impact of interplay between
TLR4-regulated microbiota and host epithelial cells on tumorigenesis, we adopted a mouse model that expresses hem-
izygous Ikka gene induced by a keratin 5 ° (Ks.Cre, IkkaAKC/+). IkkaAKC mice die within 3 weeks after birth. In-
terestingly, we found a low number of spontaneous skin squamous cell carcinomas (SCCs) in 1-year-old Ikkaf/+K5¢™
(IkkaAKC/+) mice with specific Ikka reduction in keratinocytes and an increased incidence of spontaneous skin tu-
mors in Tlr4 =/~ ;TkkaAKC/+ mice compared to Tlr4=/~ or IkkaAKC/+ mice. Both spontaneous skin SCCs obtained
from Ikka AKC/+ and IkkaAKC/+;Tlr4~/~ mice showed loss of wild-type (WT) Ikka allele. Additionally, we detected
markedly elevated bacteria numbers on the surface of skin tumors compared to the adjacent skin. Indeed, the bacte-
rial numbers were increased in the skin of Ikka AKC/+ mice compared to the skin of WT and Tlr4~/~ mice and the bac-
terial numbers were further enhanced in the skin of Ikka AKC/+;Tlr4 =/~ mice compared to IkkaAKC/+ mice. These
skin bacteria are Gram (+) firmicutes. Here, we used a skin organoid serve as a valuable model to explore the mecha-
nism involved. Based on these findings, we hypothesized that change in microbiota results in DNA damage-induced

genomic instability, which further results in loss of WT Ikka allele and cause spontaneous skin carcinogenesis.
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Abstract:

Efficient target cell killing by CD8™ T cells is thought to require the exertion of force by the T cell on the target cell
membrane (Basu et al, Cell 2016). T cells create a contractile actomyosin network in the medial, pSMAC portion of
their immune synapse (IS) through the combined action of the formin mDia1 and the motor protein myosin 2A (Mu-
rugesan et al., JCB 2016). TIRF-SIM imaging shows that this network is composed of concentric actin arcs that are
decorated with bipolar filaments of myosin 24, and that co-localize with the adhesive ring driving T cell: target cell
interaction through binding of the T cell integrin LFA-1 with ICAM-1 on the target cell surface. Tropomyosins are
actin-binding proteins that associate with linear, formin-generated filaments, where they serve to prevent cofilin-
dependent filament severing and promote actomyosin force generation by recruiting and activating type 2 myosins
(Hardeman et al, Sem Cell Dev Biol 2020). Here we show that mouse CD8™" T cells express tropomyosins 3.1 and 3.2
(Tpm3.1/3.2), that endogenously tagged Tpm3.1/3.2 colocalizes with the pSMAC actomyosin arcs, and that abrogating
Tpm3.1/3.2 function using a either small molecule inhibitor (ATM3507) or CRISPR-mediated gene deletion disrupts
the concentric organization of the pSMAC actin arcs and attenuates the recruitment of myosin 2A to the IS. Con-
versely, ligating LFA-1 with ICAM-1 dramatically increases the amount of myosin 2A recruited to the synapse and the
concentric organization of the pSMAC actin arcs. Together, these results argue that Tpm3.1/3.2 and LFA-1 ligation
cooperate to promote actomyosin-dependent force generation at the T cell synapse. Consistently, both Tpm3.1/3.2

and LFA-1ligation promote the T cell’s ability to generate traction force. Finally, tropomyosin inhibition using either
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ATM3507 or CRISPR-mediated gene deletion reduces the ability of effector CD8™ T cells to kill antigen-pulsed target
cells in vitro, despite having no obvious effect on pTyr signaling. We conclude, therefore, that the pPSMAC actomyosin
arcs are responsible for the forces exerted on the target cell that promote target cell lysis. Our results also add to the
growing appreciation for the role that integrin ligation plays in promoting the effector functions of both T cells (Wang
et al, Nat. Comm 2022; Lotscher et al., Cell 2022) and B cells (Wang et al., ELife 2022).
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Abstract:

CD4™ T cells, or helper T cells (Th), are known to support many critical functions of other immune cells. T-lymphocyte
"helper” mechanisms depend on subset differentiation defined by lineage-specific transcription factors and cytokine
secretion profiles. The contributory role of the class II TCR sequence and pMHCII binding affinity on Th cell differen-
tiation fate remains less well characterized. How distinct TCRs targeting the same epitope may differentially support
pathogen or tumor clearance remains an area of active research. The focus of the current project will be to explore how
a panel of polyclonal TCRs responsive to the same tumor neoantigen, the LCMV-Glycoprotein (GP), differentially re-
spond to solid tumors. Three LCMV-GP specific TCRs, including the classically studied Smarta TCR, were designed in
silico based on scRNA and VD]J-seq data from a C57BL/6 mouse inoculated with a colorectal adenocarcinoma cell line
expressing GP. Antigen-specific class IT were cloned into retroviral backbones then transduced into activated periph-
eral CD4™ T cells. Tetramer staining verified GP-specific binding but with variable degrees of fluorescent intensity.
Using bone marrow chimeras, these TCRs will be tested against multiple different tumor cell lines and autochthonous
tumor models each expressing GP as a neoantigen. Outcomes including anti-tumor efficacy and cellular differenti-
ation profiles will be compared between TCR sequences. Structural studies leveraging surface plasmon resonance
and supported lipid bilayers will be used to evaluate each TCR for TCR-pMHCII binding properties. The potential for
combining TCR-pMHCII biophysical data with functional outcome data in multiple different tumor models offers an
exciting opportunity to better understand how TCR binding may drive Th subset differentiation and tumor cell death.
This study seeks to provide new insights into the design and selection process of class II restricted T cells for adoptive

cell therapy in the treatment of solid tumors.
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Abstract:

Cellular senescence, a process in which cells cease proliferation and undergo cell cycle arrest, plays a significant role
in aging and age-associated diseases. The expression of cyclin-dependent kinase inhibitors (CDKN1A and CDKN2A)
is involved in regulation of cellular replication of T cells. CDKN2A expression increases in human T cells with age, but
the specific subsets of T cells expressing CDKN2A and its impact on cellular functions remain unclear. To address this,
we analyzed the expression of CDKN1A and CDKN2A using single-cell RNA sequencing data from CD8™ T cells and
NK cells in a healthy human cohort aged from newborns to 9o years. Our analysis revealed that CDKN1A and CDKN2A
were detected in 7% of freshly isolated CD8™ T cells and NK cells, but their expression increased to 68% in stimulated
CD8™" T cells. Freshlyisolated CD8™ T cells predominantly expressed either CDKN1A or CDKN2A, with co-expression
of both being rare (0.12%). In contrast, 12.4% of stimulated CD8™ T cells co-expressed CDKN1A and CDKN2A4, with
significantly higher expression levels compared to freshly isolated cells. Additionally, the number and expression
levels of CDKN2A-expressing central memory T cells increased with age. We are currently conducting single-cell
pathway analyses to further elucidate the biological pathways associated with CDKN1A and CDKN2A expression in
both freshly isolated and stimulated CD8T T cells. These findings highlight distinct expression patterns of CDKN1A
and CDKN2A in freshly isolated CD8* T cells and a marked increase in co-expression among stimulated CD8 ™" T cells,
along with an age-associated rise in central memory cell populations.
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Abstract:

B cell maturation antigen (BCMA) is a TNF superfamily protein expressed predominantly on plasmablasts and plasma
cells. BCMA, along with TACI and BAFF-R, has been implicated for proper B cell maturation, differentiation, and sur-
vival. Patients with variants in TACI and BAFF-R have common variable immunodeficiency (CVID), but the impact
of BCMA variants on human disease has not yet been reported. Here, we describe three patients from two consan-
guineous families who presented with early-onset recurrent upper and lower respiratory tract infections. Immuno-
logical assessments of the patients demonstrated hypogammaglobulinemia, poor vaccine responses, and/or reduced
isohemagglutinin titers, which were consistent with CVID. Whole exome sequencing identified the same homozy-
gous missense variant in TNFRSF17 (encoding BCMA), in two affected sibling patients and one unrelated patient. All
known related family members who were heterozygous for the variant were unaffected. Overexpression of the pa-
tients’ BCMA variant in 293T cells revealed impaired protein stability and defective downstream signaling. Knockout
of BCMA in naive B cells from healthy controls resulted in impaired survival of in-vitro differentiated plasma cells.
Together, our results indicate that BCMA is required for plasma cell survival in humans and that BCMA deficiency is

a new genetic cause for CVID.
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Abstract:

Background: High titer, neutralizing anti-cytokine autoantibodies (ACAA) to interferon gamma (IFN+) are an im-
portant and emerging cause of adult-onset immunodeficiency in previously healthy patients, and their diagnosis can
inform clinical management. Currently, the detection of ACAAs is performed using blood or plasma, which is time-
sensitive and relatively expensive to obtain and must be shipped from remote locations in specialized containers. We
have adapted the easier method of collecting blood or plasma onto a paper card as a dried blood spot (DBS) for use
in diagnostic screening assays and functional testing. This approach is simple, inexpensive, and does not require a
medical facility or special mailing.

Methods: Whole blood, either from venipuncture or finger stick, was blotted on filter paper to yield a DBS. The
DBS was hole-punched and eluted in 150uL of 0.05% Tween PBS at room temperature overnight with shaking. The
eluate and paired plasma samples were screened for antibodies using a particle-based assay. The activity of ACAAs
recovered from dried blood spots was determined by inhibition of IFN+-induced STAT-1 phosphorylation in healthy
control monocytes via flow cytometry; results were compared to matched plasma samples.

Results: Autoantibodies were demonstrated in DBS eluates from 16 previously diagnosed patients with anti-IFN~y
autoantibodies. Paired plasma and DBS samples demonstrated no significant differences in fluorescence intensities
(FD) for anti-IFN+ in the particle-based assay, either for previously diagnosed patients (n=16) and healthy controls
(n=9). The screening assay yielded no false positive results nor false negative results from patient samples and all
known-positive patient eluates were above the cutoff for positivity for anti-IFN-y ACAAs. When tested for function in
vitro, the anti-IFN+~y autoantibodies recovered from DBS eluate remained fully neutralizing for IFN-y-induced STAT-1
phosphorylation in healthy control monocytes. Blood stored as DBS was stable for downstream functional testing
whether stored at 4A°C, room temperature, or 40A°C for a week.

Conclusion: The DBS approach for diagnosis of anti-IFNy autoantibodies offers many advantages over current
methods of whole blood collection and shipment. DBS all but eliminate the biosafety risk associated with transporting

whole blood or plasma samples, as the specimens on the card are dried and cannot spill or leak, removing the need
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to heat-inactivate or otherwise specially prepare samples prior to shipment. Autoantibodies recovered from these
cards appear to be durable and able to withstand the kinds of low and high temperatures that might be encountered

in shipping as standard mail. DBS cards offer a sensitive, specific and appealing alternative for ACAA diagnosis.
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Abstract:

Still's disease is a rare and severe autoinflammatory disorder characterized by daily spiking fevers, arthritis, an
evanescent rash, and prominent systemic features, including lymphadenopathy, hepatosplenomegaly, serositis, and
systemic inflammation mediated primarily by IL-1, IL-6, and IL-18. Still's disease can lead to severe and often fa-
tal complications, such as macrophage activation syndrome (MAS), a life-threatening hyperinflammatory condition,
and Still’s disease-associated lung disease (Still's-LD). Still's-LD is a chronic and severe pulmonary disorder, particu-
larly observed in patients treated with modern biologic therapies. Itis characterized by interstitial lung disease (ILD),
pulmonary alveolar proteinosis (PAP), pulmonary hypertension, and chronic respiratory failure. Although extensive
innate immune dysregulation, T cell activation, and an IFN-8x<%-driven inflammatory milieu have been implicated
in the pathogenesis of Still's-LD, the immunopathologic basis of the disease remains poorly understood. CD21low T-
bet+ atypical or "Age-Associatedd” B cells (ABCs) are known to expand under conditions of chronic antigen exposure
and inflammation, such as chronic infections (e.g., malaria, HIV) and autoimmune diseases (e.g., systemic lupus ery-
thematosus and rheumatoid arthritis). We aimed to investigate the potential role of ABCs in Still’s disease and related
LD. Analysis of publicly available single-cell RNA sequencing (scRNA-seq) data generated from peripheral mononu-
clear cells (PBMC) of Still's disease patients revealed a significant expansion of ABCs (identified as CD21low, CD11c+
and Tbet+) compared to healthy controls. Notably, ABC abundance was more pronounced in Still's-LD than in patients
with active or inactive Still's disease without lung involvement. Extensive flow cytometry-based immunophenotyp-
ing of our Still's disease patient cohort (n=59) confirmed the expansion of ABCs. Importantly, the proportion of ABCs
was significantly correlated with the presence of lung disease in our patient population. Our findings suggest that the
expansion of ABCs is associated with the severity of Still's disease and its accompanying lung complications. This pre-
viously unrecognized observation highlights the potential role of ABCs in the pathogenesis of Still's-LD and suggest

that ABC expansion could serve as a biomarker for disease progression and status.
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Abstract:

G protein coupled receptors (GPCRs) are heterotrimeric protein complexes (composed of «, 3, and y subunits) that
mediate cellular responses to a variety of environmental cues. Of the Ga subunits, the Gai/o family contains in-
hibitory isoforms of the Ga subunit that have been shown to inhibit adenyl cyclase’s production of the secondary
messenger cyclic adenosine monophosphate (cAMP). Our lab has recently shown that patients with activating muta-
tions in Gaiz, encoded by GNAI2, suppress production of cAMP and develop MAGIS syndrome (defined by Midline
malformations of the brain, Anterior hypopituitarism, Growth retardation, Immunodeficiency /immunodysregula-
tion, and Skeletal abnormalities (Ham H, et. al. Science, 2024). Since phosphodiesterase-4 (PDE-4) inhibitors such as
Roflumilast reduce cAMP breakdown, we hypothesized that treatment to increase cAMP levels might improve disease.
We explored this possibility in a 36-year-old woman with MAGIS syndrome whose disease manifests in recurrent in-
fections, autoimmunity, and increased inflammation, as demonstrated by leukocytosis in the setting of enteropathic
arthritis [characterized by tenosynovitis in multiple joints in the setting of chronic colitis]. Additionally, she has Type
1 Diabetes Mellitus, as well as severe mixed hyperlipidemia and hypertriglyceridemia, possibly related to her growth
hormone deficiency. After starting Roflumilast, weekly scoring using the Patient-Reported Outcomes Measurement
Information System (PROMIS) showed increased physical function. This was consistent with the patient’s self-report
of decreased joint pain and objective measures of improved joint and tendon disease as documented by sequential
ultrasounds. Leukocytosis normalized and histological findings from sequential colonoscopies showed decreased
active colitis. Additionally, her triglyceride, cholesterol, and Hemoglobin A1C levels improved. These observations

suggest that the suppressed cAMP might contribute to inflammatory disease in MAGIS, and if so targeted therapy to
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normalize cAMP might be beneficial in some patients.
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Abstract:

Immunity against blood-stage malaria infection is thought to be mediated through antibody-dependent immune
mechanisms. The role of antibody-independent immune mechanisms remains less explored and poorly understood.
To evaluate antibody-independent immune mechanisms, we infected muMt mice lacking mature B cells and C57Bl/6
(wt) mice with non-lethal Plasmodium yoelii (PyNL) and performed splenic immune profiling via flow cytometry over
the course of infection (Days o, 4, 11,17 and 34 P.I.). Wt mice had a 19-day self-resolving infection with peak para-
sitemia of 11% while muMt mice were unable to clear infection with parasitemia reaching 88% on day 34 P.I. At simi-
lar levels of parasitemia between the muMt and wt mice, there was expansion of both F4/80+ macrophages and ly6G+
neutrophils in both strains of mice, with the later significantly higher in muMt mice vs wt mice. In contrast mature
NK1.1+CD49b+ NK cells were significantly lower in muMt mice vs wt mice. Dendritic subsets (cDC1, cDC2 and pDC)
also expanded to similar levels in both mouse strains. muMt mice had significantly lower levels of expansion in CD4™
T cells vs wt mice, in partcular significantly lower numbers Gata3+CD4™T T cells, while the number of Tbet+CD4™ T
cells and CD4™ Tregs were similar. CD8" T cells expanded to similar levels while NKT and 4T cells expanded to
significantly higher numbers in muMt mice vs wt. Due to the well-established protective role of CD4™ T cells, we
investigated how CD4 ™" T cells contribute to the antibody-independent immune response via CD4 antibody depletion
in muMt mice during PyNL infection. Interestingly, the parasitemia growth was significantly slower in the CD4~ de-
pleted muMt mice vs muMt control. Immune profiling 3-weeks P.I. revealed no differences in the total number of
neutrophils and NK cells. However, the CD4~depeleted MuMt mice had lower numbers of macrophages, cDC2 and
pDC populations vs muMt controls. Additionally, the CD4~ depleted muMt mice had higher numbers of CD8™ T cells
vs muMt controls. Our data suggests that in the absences of antibodies, immune populations with known protective
mechanisms expand in response to infection but are unable to control parasitemia. Importantly, in the absence of
antibodies, presence of CD4™ T cells interfere with immune mechanisms which control parasitemia.

107



ABSTRACT Poster #67 - Monday

Keywords: Clinical Immunology, Immune regulation, Infectious Disease, Innate Immunity

Degree of antibiotic induced bacterial DNA release controls TLR9-dependent

host macrophage responses in murine peritonitis

« Presenter: Julia Gross

« Authors: Julia L. Gross (1), Rahul Basu (2), Clinton J. Bradfield (3),
Jing Sun (4), Sinu P. John (5), Sanchita Das (6), John P. Dekker (7),
David S. Weiss (8), Iain D.C. Fraser (9)

- Affiliation(s): (1) Emory/NIAID GPP, (2) NIAID, (3), NIAID, (4) NI-
AID, (5) NIAID, (6) NIAID, (7) NIAID, (8) Emory University, (9) NI-
AID

Abstract:

Antibiotics are an important, and commonly used, class of drugs. The CDC estimates that Americans typically fill 250
million outpatient pharmacy prescriptions per year for antibiotics for a wide variety of clinically important indica-
tions. Examples include: direct treatment of bacterial infections, pre- and post-surgery prophylaxis to avoid com-
plicating infections, and preparing for chemotherapy. Although there is wide mechanistic variety in how individual
antibiotics impact bacteria, there are two over-arching categories of antibiotic mechanisms. Bactericidal (cidal) an-
tibiotics directly kill bacteria. By contrast, bacteriostatic (static) antibiotics halt bacterial growth without killing. A
landmark meta-study that examined nearly 70 individual clinical trials across many types of infection, where patients
were randomized into appropriate cidal or static treatments, found that cidal and static treatments were equally ef-
fective.

We aimed to examine whether there were, nonetheless, differences in the host innate inflammatory responses
to either cidal-killed bacteria or static-growth halted bacteria. We began by infecting macrophages with both types
of bacteria (4 cidal-killed, and 4 static-growth halted) and comparing induced TNF responses. We found that a clin-
ical Gram-negative bacterial isolate exposed to bactericidal drugs induced 23-271% more TNF than the same iso-
late treated with bacteriostatic agents. We expanded this effort to include 10 clinical Gram-negative bacterial iso-
lates, measuring 8 individual cytokines, across 4 different ratios of bacteria:macrophages; 320 unique conditions.
In 299/320 cases, the cidal treated bacteria induced more cytokine than the static treated bacteria. To elucidate the
mechanism, we infected a broad panel of individual TLR KO macrophages with the different types of antibiotic treated
bacteria. We found that bacterial DNA - released only by bactericidal treatments - exacerbated inflammatory signal-
ing through TLRo9.
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Finally, we assessed the translational impact of these differences in an in vivo murine peritonitis model. In WT
animals, the cidal-treated infected mice had only an 11% 30-hr survival rate, compared to almost 80% for the static
treated mice (even though bacterial load was the same in the peritoneum, liver, and spleen for both antibiotic treated
groups). Serum cytokine levels of pro-inflammatory cytokines were also significantly increased in the cidal treated
WT mice compared to the static treated WT mice. In TLR9 KO mice, the same cidal treatment group had a substan-
tially increased 75% survival rate, which was comparable to the rate observed for TLR9 KO static treated mice, and also
with nearly identical bacterial loads across both groups. We also did not see significant differences in serum levels of
pro-inflammatory cytokines between cidal and static treated TLR9 KO animals, suggesting cidal treatments do not
cause measurably increased systemic inflammation in the absence of TLR9.

These data demonstrate that antibiotics can act in important ways distinct from bacterial inhibition: such as caus-
ing treatment failure by releasing DNA that induces overwhelming, TLR9-dependent inflammation. We establish a
novel link between how much DNA a given antibiotic causes bacteria to release, and subsequent macrophage pattern
recognition receptor engagement. This may have relevance for tailoring patient-specific antibiotic treatments that

aim to optimize bacterial clearance and induce an appropriately balanced resultant host inflammatory response.
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Abstract:

Alzheimer disease (AD) is the most prevalent neurodegenerative disease and form of dementia. The major hallmarks
of AD are the presence of amyloid beta plaques and neurofibrillary tangles. Emerging evidence suggests that the adap-
tive immune system plays a role in disease progression in both AD patients and murine models. Currently, however,
there is debate whether CD8™ T cells are protective or detrimental in disease progression. Using the 5xFAD mouse
model that carries human AD-related mutations and exhibits increased plaque burden, our lab found that interferon-
stimulated CD8™ T cells are enriched in number in the AD brain compared to wild-type (WT) during the middle and
late stages of disease. Through immunohistochemistry (IHC), we found reduced plaque burden in 5xFAD mice with
CD8™ T cell knockout (CD8 KO) compared to regular 5xFAD mice. To investigate the roles CD8™ T cells and interferon
signaling play in AD cognitive decline, we conducted various behavioral tests on 5xFAD CD8 KO mice and 5xFAD mice
with interferon-alpha/beta receptor (IFN-aR) conditional KO in CD8™ T cells (CD8 Cre, IFN-aR /1y These tests were
conducted at both 4 months and 6 months of age, a period in which impairments of cognitive function and locomo-
tion begin to emerge. Initially, we evaluated locomotion and anxiety that may affect other behavioral tests through
the open field test. We then performed the novel object recognition test (NOR), Y-maze, and Barnes maze to examine
memory and learning. Based on our preliminary data, we found CD8™ T cells worsen disease progression. These
results argue a critical role of adaptive immunity in modulating neurodegenerative diseases.
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Abstract:

Background and Aims: Kupfter cells (KCs) are the most abundant tissue-resident macrophages in the human body.
KCs play essential roles in maintaining liver functions and are involved in various liver diseases. While the impor-
tance and significance of KCs are well appreciated, the phenotypes and functions of KCs remain poorly understood,
particularly for human KCs. Commercial cryopreserved human Kupffer cells (ccKCs), enriched by negative and then
positive selection, are the most used source for studying the biology of human KCs in various cell culture models.
However, there are no systemic studies which characterize the quality and functions of ccKCs. Approach and Results:
Spectral flow cytometry and Luminex multiplex assays were performed to immunologically profile ccKCs and assess
their functional responses to interferon-gamma (IFN-1x§) and lipopolysaccharide (LPS). ccKCs display significant
variability in the percentages of viable cells across different donors. Nearly all ccKCs tested have a significant mix of
lymphoid-lineage cells including T cells, NK cells, and B cells. Moreover, less than five percent of live cells in ccKCs
express macrophage markers such as CD163 and CD206. Functional studies demonstrated that treatment with IFN-
ix$ does not significantly increase expression of PD-L1 and HLA-DR, while stimulation with LPS not only induces
production of macrophage-derived cytokines, but also T cell-derived cytokines such as interleukin-2. Conclusions:
We demonstrate the low quality of ccKCs that are significantly contaminated with lymphoid-lineage cells and low
percentages of macrophage-lineage cells. These findings emphasize that reliable technologies of KC enrichment and
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quality assessment are urgently needed to ensure the quality of KCs for biological research. More importantly, cur-
rently available published data using ccKCs may be misleading and should be interpreted with caution.
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Abstract:

Although much has been learned about the entry mechanism of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), many details of the entry mechanisms of seasonal human coronaviruses (HCoVs) remain less well un-
derstood. In the present study, we used 293T cell lines stably expressing angiotensin converting enzyme (ACE2),
aminopeptidase N (APN), or transmembrane serine protease 2 (TMPRSS2), which support high level transduction
of lentiviral pseudoviruses bearing spike proteins of seasonal HCoVs, HCoV-NLé63, -229E, or -HKU1 respectively, to
compare spike processing and virus entry pathways among these viruses. Our results showed that HCoV-NL63, -229E
and -HKU1 pseudoviruses entry into cells is sensitive to endosomal acidification inhibitors (chloroquine and NH4CI),
indicating entry via the endocytosis route. Although TMPRSS2 expression on target cell surface was required for
HCoV-HKU1 spike-mediated entry and cell-cell fusion, we found that only the serine protease domain of TMPRSS2
and not the serine protease activity of TMPRSS2 was required for viral entry via endocytic route. However, serine
protease activity of TMPRSS2 and a furin processing site (RKRR) at the S1/S2 junction were essential for efficient
HCoV-HKU1 spike-mediated cell-cell fusion. Additionally, we show that dibasic and monobasic arginine residues at
the S1/S2 junctions of spike proteins of HCoV-NLé3 and -229E are essential for virus entry but multibasic furin pro-
cessing site at the S1/S2 junction was dispensible for HCoV-HKU1 viral entry. Our findings highlight features of the

entry mechanisms of seasonal HCoVs that may support the development of novel treatment strategies.
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Abstract:

Zika virus (ZIKV) is endemic to Latin America and Africa and is transmitted primarily by Aedes species mosquitoes.
No vaccines or treatments are available. Antibody-dependent enhancement of viral infectivity (ADE) is a phenomenon
by which virus particles in complex with antibodies of the IgG isotype, either non-neutralizing or present at sub-
neutralizing concentrations, can enter and replicate in otherwise non-permissive cells through IgG Fc/Fcix$R inter-
actions, potentially sustaining more severe disease. Since monocytes and macrophages can support flavivirus repli-
cation upon entry of IgG/flavivirus complexes, ADE is a particular concern in the context of ZIKV infection and future
vaccines. The binding stoichiometry of 1gGs is critical for their ability to mediate ADE (Pierson et al., Cell Host Mi-
crobe, 2007). Flavivirus infections present unusually prolonged serum antibody responses of the IgM isotype but the
interplay dynamics between ZIKV IgG and IgM antibodies have not been characterized. We have previously described
ahuman monoclonal antibody (mAb) of the IgM isotype in its native pentameric conformation (DH1017.IgM) that does
not mediate in vitro ADE, neutralizes ZIKV ultrapotently, and protects mice from lethal ZIKV challenge (Singh et al.
Cell 2022). Here, we evaluated the ability of DH1017.IgM to interfere with ZIKV IgG-mediated ADE activity. First,
we measured cross-blocking in whole virion competition ELISAs between DH1017.1gM and a panel of 12 ZIKV IgG-
specific mAbs selected to represent epitopes in multiple ZIKV E glycoprotein regions: the fusion loop (FL), domain
(D) 11, DIII, DI/DII hinge, DI/DIII linker region, and the E-dimer quaternary epitope (EDE). While DH1017.1gM did
not compete DIII- and DI/DIII linker region-specific IgG mAbs (IC50 >100 nM), which is in line with the DH1017.1gM
epitope footprint not including DIII, DH1017.IgM outcompeted 6 of the remaining 8 ZIKV IgGs. However, except
for two IgGs (DI/DII hinge mAb Z3L1 and DII mAb ZIKV-195), DH1017.IgM did not exceed 75% competition of IgG

binding even when present at saturation, indicating that DH1017.IgM binding can influence the stoichiometry of
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ZIKV IgG virion binding. Next, we developed a fluorescent Reporter Virus Particle (RVP)-based ADE competition
assay to measure the effect of DH1017.IgM on IgG-mediated ADE activity. IgG mAbs were co-incubated at constant
peak ADE concentration with serially diluted DH1017.IgM, and IgG-mediated ADE was then tested on K562 cells.
DHio17.IgM mitigated IgG-mediated ADE across all the tested IgG mAbs in a dose-dependent manner with a 50% re-
duction of ADE activity (CADEC50) ranging from 0.6 to 2.4 ng/mL. Remarkably, DH1017.IgM consistently mitigated
IgG-mediated ADE at sub-neutralizing concentrations (RVPNC50 = 4.1 ng/mL) against the same ZIKV strain. Finally,
to assess if DH1017.IgM can mitigate ADE in polyclonal sera, we identified the peak serum ADE titer from 19 ZIKV-
infected individuals from a controlled human infection study and spiked them with serially diluted DH1017.IgM. In all
but three cases (84%), DH1017.IgM inhibited serum-mediated ADE activity at sub-neutralizing concentrations. These

observations identify a new potentially protective role of IgM antibodies in the context of ZIKV infection.

115



ABSTRACT Poster #72 - Monday

Keywords: Clinical Immunology, Infectious Disease, Innate Immunity

Investigating the role of gain-of-function variants in the cytosolic viral RNA sen-
sor RIG-I in severe SARS-CoV-2 infection

- Presenter: Wesley Tung

. Authors: Wesley Tung (1), Mihai Solochi (2), Emma Gebauer (3),
Scott Novick (4), Bruce Pascal (4), Huie Jing (1), Yu Zhang (1),
Uimook Choi (5), Eesha Chattopadhyay (1), Talia Madura (2), Patrick
Griffin (4), Bradly Bauman (6), Christopher Luthers (6), Miranda
Tompkins (7), Clifton Dalgaard (7), Camille Alba (7), Andrea Biondi
(8), Laura Rachele Bettini (8), Mariella D’Angio’ (8), Paolo Bonfanti
(8), Luisa Imberti (9), Alessandra Sottini (10), Simone Paghera (11),
Eugenia Quiros-Roldan (12), Camillo Rossi (13), Riccardo Castagnoli
(14), Daniela Montagna (15), Amelia Licari (14), Gian Luigi Marseglia
(14), Francesco Licciardi (16), Jose Ramon Fiore (17), Maria Antoni-
etta Di Stefano (18), Teresa Santantonio (17), Annalisa Saracino (19),
Sarah Henrickson (20), Qian Zhang (21), Paul Bastard (22), Aurelie
Cobat (21), Laurent Abel (21), Jean-Laurent Casanova (21), Michael
Lenardo (23), Andrew Snow (6), Luigi Notarangelo (1), Joseph Mar-
cotrigiano (3), Akiko Iwasaki (24), Smita Patel (2), Helen Su (1)

. Affiliation(s): (1) Human Immunological Disease Section, Labora-
tory of Clinical Immunology and Microbiology, National Institute
of Allergy and Infectious Diseases, National Institutes of Health (2)
Department of Biochemistry and Molecular Biology, Robert Wood
Johnson Medical School, Rutgers University (3) Structural Virol-
ogy Section, Laboratory of Infectious Diseases, National Institute
of Allergy and Infectious Diseases, National Institutes of Health
(4) Department of Molecular Medicine, The Scripps Research In-
stitute (5) Genetic Immunotherapy Section, Laboratory of Clinical
Immunology and Microbiology, National Institute of Allergy and
Infectious Diseases (6) Department of Pharmacology & Molecu-
lar Therapeutics, Uniformed Services University of the Health Sci-
ences (7) The American Genome Center; Uniformed Services Uni-
versity of the Health Sciences (8) Department of Pediatrics, Uni-
versita Degli Studi Di Milano-Bicocca, Milan, IT (9) Section of Mi-
crobiology, University of Brescia, P. le Spedali Civili (10) Clini-
cal Chemistry Laboratory, ASST Spedali Civili of Brescia (11) Cen-
tro di Ricerca Emato-oncologica AIL (CREA), Diagnostic Depart-
ment, ASST Splelzgali Civili di Brescia (12) Department of Infectious
and Tropical Diseases, ASST Spedali Civili, Brescia and University
of Brescia (13) Direzione Sanitaria, ASST Spedali Civili (14) Pedi-

atric Clinic, Fondazione IRCCS Policlinico San Matteo, University



Abstract:

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a virus responsible for a global pandemic where
over 700 million cases have been openly reported and over 7 million fatalities have been recorded. Literature sug-
gests that inborn monogenic errors of innate immunity in genes that modulate the Type I interferon response and
cytokine production post-viral infection may be responsible for a portion of severe SARS-CoV-2 infection cases. To in-
vestigate, we screened a cohort of 7000+ patients who were hospitalized with life-threatening COVID-19 pneumonia
for missense variants in the cytosolic viral RNA sensor proteins RIG-I and MDAs in addition to downstream signaling
adaptor MAVS via WGS. Through functional screening assays, we determined that two RIG-I and one MDA5 variant
have enhanced capabilities to drive both the IFN-o* and NF-xB promoters in 293T cells, suggesting gain-of-function
activity. Interestingly, none of the patients harboring these variants suffered from Aicardi-Goutiéres syndrome nor
Singleton-Mertens syndrome, which are interferonopathies previously linked to gain-of-function MDA5 and RIG-I.
Overexpression of a gain-of-function RIG-I variant (but not the MDAs variant) in A549s caused increased expression
of proinflammatory cytokines and Type I interferons. Biochemically, both RIG-I gain-of-function variants were de-
termined to impact the Hel2i autoinhibition domain, suggesting leaky and sustained signaling. This was supported
by the observation that purified RIG-I gain-of-function variants have an increased affinity to binding stem loop RNA
motifs. We hypothesize that gain-of-function RIG-I variants may have predisposed these patients to severe COVID-
19 disease through the inappropriate secretion of proinflammatory cytokines and Type I interferons. Overall, this
study aims to define a novel genetic basis for severe COVID-19 disease while adding to our fundamental knowledge

of RIG-I in human disease.
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Abstract:

PPM1D is a phosphatase that regulates the DNA Damage Response (DDR) by dephosphorylating some of its key play-
ers, including ps53 and gH2AX. Inborn errors of immunity (IEI) with altered DDR have been associated with natural
killer (NK)-cell deficiency, including helicase deficiencies with increased p53 and gH2AX phosphorylation after ac-
tivation. We evaluated two patients with a syndromic IEI caused by biallelic loss of function of PPM1D with B- and
NK-cell deficiency. Besides the reduction in peripheral blood NK-cell number and frequency, the patients also showed
increased immature NK-cells (CD56+CDé62L+) and decreased mature NK-cells (CD56+CD57+), while degranulation
function was preserved. To investigate the role of PPM1D in NK-cell maturation, we evaluated NK cell development
from induced pluripotent cells in the presence of a PPM1D inhibitor (PPM1Di). PPM1Di led to a significant decrease in
viability during the first stages of development and premature NK-cell differentiation, followed by an decrease in NK
cell frequency at endpoint, particularly impacting terminally mature NK-cells. NK-cell evaluation in Ppm1d-KO mice
revealed an accumulation of mature NK-cells in the bone marrow relative to progenitor cells. This abnormal NK-cell
distribution also included conserved NK-cell numbers in the spleen with decreased expression of maturation markers
and a relative reduction of NK-cells in the blood. Analysis of healthy control human tonsil and blood NK-cell subset
bulk transcriptomics (GSE169646) showed higher expression of PPM1D in peripheral blood NK-cell subsets compared
to equivalent tonsil maturation stages, altogether indicating the relevance of PPM1D for NK-cell tissue distribution

and homeostasis.
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Abstract:

Trauma is the leading cause of death and disability for individuals under 45 years in the United States [1]. The Na-
tional Academies of Science, Engineering, and Medicine found that 1 in 4 military and 1in 5 civilian trauma deaths
are preventable, which inspired the 2019 MISSION ZERO ACT to fund efforts to improve civilian and military trauma
care [2]. Despite this, the number of deaths due to unintentional and traumatic injury has continued to rise [3]. These
trends emphasize the critical need to reduce mortality and morbidity associated with trauma-related injuries. In a
multicenter study of 1000 emergency department patients and 50 healthy controls, we generated a peripheral blood
protein profile that distinguishes trauma versus healthy patients based on 59 analytes [4]. We were able to delineate
different cytokine blood profiles for trauma patients who survived and were discharged versus those who were de-
ceased. These profiles identified IL-29, a relatively newly discovered IFNI», as a novel responder to trauma. IL-29 has
an inverse relationship with survival compared to IL-10, an anti-inflammatory cytokine elevated in deceased trauma
patients. Little is known about IL-29 outside of its role in antiviral responses, making it an interesting candidate to
study as a potential active player in reducing the mortality and morbidity associated with traumatic injury. Here, we
find alterations in immune cell signaling in cultured human fibroblast and peripheral blood leukocytes stimulated
with IL-10 and IL-29 which share a receptor chain (IL-10RB). Given the fact that IL-29 is a pseudogene in mice, we
investigate the initial dynamics of IL-29 gene expression in local tissue and peripheral blood using a porcine model of
surgical tissue injury. In addition to IL-29, we have also evaluated other proteins of interest in trauma including IL-
10, M-CSF, IL-21, IL-6, and others. Future studies will focus on the mechanistic understanding of IL-29 in response
to traumatic injury and whether it is a correlate or causative of patient survival.
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Abstract:

Chronic Graft-Versus-Host Disease (cGVHD) is an alloimmune disorder arising from antigen mismatch during al-
logeneic hematopoietic stem cell transplantation. The oral mucosa (OM), a common site of tissue damage in oral
c¢GVHD, undergoes lymphocyte infiltration, ulceration, hyperkeratosis, fibrosis, and erythema. However, the cellu-
lar interactions and spatial organization underlying cGVHD remain poorly understood. Single-cell RNA sequencing
(scRNA-seq) revealed an increased prevalence of macrophage (MI]) subsets in the OM of cGVHD patients. Spatial
transcriptomics further confirmed the enrichment of CD68+ macrophages near the basement membrane. Ultrahigh-
plex spatial phenotyping identified a notable increase in inflammatory (M1) macrophages characterized by the ex-
pression of HLA-DR, CD86, and CXCL10, along with heightened IL-17 production in affected tissues. IL-17 likely
plays a role in recruiting and activating M1 macrophages, thereby exacerbating the inflammatory cascade. Spatial
proximity analysis revealed a significant association between M1 macrophages and CD4™ T-regulatory cells (Tregs)
in unaffected GVHD. However, this interaction appeared diminished in cGVHD, where the presence of TIGIT+ Tregs
was reduced. This weakened interaction highlights the proposed critical role of M1 macrophage-Treg crosstalk in
maintaining immune homeostasis and thereby preventing tissue damage. Understanding these cellular dynamics is
essential foridentifying therapeutic targets to manage oral cGVHD effectively. Restoring the balance between inflam-
matory macrophages and regulatory T cells may help mitigate inflammation and preserve tissue integrity, offering
new target pathways for intervention.
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Abstract:

Chronic graft-versus-host disease (cGVHD) is an alloimmune complication following hematopoietic stem cell
transplantation, driven by dysregulated T cell responses and immune dysfunction. While interactions between
naive/memory T cells and antigen-presenting cells have been studied, the role of exhausted T cells in mucosal cGVHD
remains underexplored. Through analysis of oral mucosa (OM) biopsies from patients six months post-transplant,
we characterized T cell exhaustion at single-cell resolution using transcriptomic and proteomic approaches.

Single-cell RNA sequencing revealed distinct CD8' T cell clusters exhibiting dysfunction, notably a
CXCL13+CD8™ T cell subset with dual cytotoxic (GZMB, PRF1) and exhaustion (TIM3, LAG3) signatures. The
increased frequency of this subset correlated with higher clinical severity scores, linking these cells to disease
progression. In unaffected individuals, immune homeostasis was supported by LYVE1+ macrophages and CD1C+
dendpritic cells, populations that were significantly reduced in ¢cGVHD, mirroring disease progression. Spatial
analysis using CODEX highlighted an expansion of FOXP3+CD4 ™ T cells in cGVHD and their proximity to CD8* T
cells, yet this regulatory influence was insufficient to mitigate tissue damage.

In conclusion, dysregulated CD8™ T cells combining cytotoxic and exhaustion phenotypes may drive persistent
tissue injury and counteract anti-inflammatory signals, emphasizing the pivotal role of T cell exhaustion in the patho-

genesis of mucosal cGVHD.
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Abstract:

SASH3 encodes a putative adaptor protein designated SAM and SH3 domain-containing 3 (SASH3), that is expressed
in lymphocytes. Previously, we reported novel mutations in SASH3 in 4 unrelated male patients as the cause of X-
linked recessive immunodeficiency. Patient P1 was hemizygous for a cysteine substitution at the highly conserved
Arg347 located in the C-terminus resulting in a protein-positive phenotype, while the other three patients were hem-
izygous for nonsense protein-negative variants. P1's immunophenotype was confounded by concomitant large gran-
ular lymphocyte leukemia (LGL) and was clinically associated with severe neutropenia, B, NK and CD4 ™ T cell lym-
phopenia; significant wart burden on all four extremities, recurrent aphthous stomatitis, and a history of pneumonia.
Patient P1’s T cells proliferated poorly and displayed increased apoptosis when stimulated with mitogens. To inves-
tigate the causality of SASH3 p.Arg347Cys for immunodeficiency in P1, we developed a C57BL/6 knock in (KI) mouse
model, designated SASH3KI, by CRISPR-Cas9 gene editing. The male KI mice showed similar longevity compared
to littermate wild type mice. Young SASH3KI mice phenocopied patient P1’s B, T and NK cell lymphopenia in blood,
whereas LGL and neutropenia did not develop, including in aged mice. Lymphocyte development in primary lym-

phoid organs of SASH3KI mice was normal; however, naive CD8V T cell cellularity in peripheral lymphoid organs
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was significantly reduced. Rapid mobilization of leukocytes to blood by the administration of the CXCR4 antagonist
plerixafor could not correct the peripheral blood lymphopenia despite normal surface CXCR4 expression on the lym-
phocytes, suggesting a survival defect rather than aberrant lymphocyte distribution. Naive KI CD8™ T cells displayed
increased apoptosis both in vitro and ex vivo. In addition, the proportions of naive KI CD8" T cells expressing the
proliferation marker Ki67 were significantly higher. Invitro activation of naive KI CD8™" T cells was normal, but acute
in vivo LCMV infection resulted in fewer virus-specific short-lived and memory precursor effector cells in spleen of
SASH3KI mice. Together, the results support SASH3 p.Arg347Cys as the causal mutation for protein-positive adap-
tive immunodeficiency in P1 and suggest that neutropenia may be secondary to LGL. Further studies are required to
discover the mechanisms by which SASH3 deficiency causes lymphopenia and predisposes to LGL.
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Abstract:

As an essential part of the adaptive immune system, CD4™ T cells have diverse functions in combating infection.
The transcription factor Thpok, encoded by Zbtb7b, is a lineage commitment factor that is required for CD4 T cell
development in the thymus. While the human and mouse Thpok proteins are highly similar, little is understood about
the role of Thpok in human immune responses. Here, we aim to investigate a mutant Thpok protein, defined by
a point mutation in a highly conserved zinc finger motif, found in a patient with CD4 lymphopenia and repeated
infections. To assess how this mutation influences CD4™ T cell development, we plan to generate a knock-in mouse
and utilize retroviral bone marrow transductions. Along with its role in T cell development, Thpok is also required
for CD4™ T cell differentiation into specialized effector cells in response to pathogens. Specifically, previous studies
from our laboratory showed that Thpok is necessary for the generation of T follicular helper (Tfh), type 2 (Th2) and
memory CD4™ T cells. To explore how the mutation affects such responses and to characterize its effect on T cell
differentiation, we plan to use retroviral transduction to express the mutant protein in mature CD4™ T cells made
Thpok-deficient post-thymically. Preliminary studies using a mouse model of viral infection suggests that the mutant
protein fails to normally support Tth and memory cell differentiation and experiments are currently in progress to

better elucidate this mutation’s impact on thymic development and peripheral cell function.
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Abstract:

The comprehensive understanding of nucleosome dynamics in CD4™" T cell development is still emerging. Here, we
introduce a split-based indexing single-cell micrococcal nuclease sequencing technique (iscMNase-seq), which sub-
stantially improves the throughput and efficiency of single-cell nucleosome profiling in a single experiment. Using
iscMNase-seq, we construct high-resolution nucleosome maps for diverse cell types throughout mouse CD4™ T cell
development at the single-cell level. This includes stages from hematopoietic stem/progenitor cells and intermediate
thymocytes to mature naive CD4™ T cells in peripheral tissues. Our findings uncover distinct nucleosome position-
ing heterogeneities tied to chromatin memory and priming within developing CD4™ T cells. Remarkably, we observe
chromatin priming at the progenitor stages, linked to nucleosome positioning characteristics of later developmental
stages. Furthermore, we investigate the contribution of nucleosome-remodeling factor, BRG1, and key transcription
factors ETS1 and GATA3 to the nucleosome organization at the double-positive, single-positive cell stages or DN3
stage(double-negative) and discover their critical roles for sustaining nucleosome phasing and chromatin priming
in subsequent developmental stages. Our systematic single-cell nucleosome analysis reveals interesting features of
epigenetic priming and epigenetic memory during CD4™ T cell development and their regulation by nucleosome re-
modelers and transcription factors.
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Abstract:

CD4T cells are crucial for defense against pathogens and shaping immune responses. When dysregulated, these cells
can drive autoimmunity, allergy, tumor progression, and further pathogenesis of infections, such as HIV. Naive CD4
T cells differentiate into distinct T helper (Th) cell subtypes, including Thi, Th2, and Th17, as well as regulatory T (Treg)
cells, depending on the immune environment. Fate determination of CD4 T cell subsets is regulated by induction of
distinct master transcription factors (TFs): T-bet for Thi cells, GATA3 for Th2 cells, RORgt for Th17 cells, and FoxP3 for
Treg cells. Sole expression of these master regulator TFs is thought to confer differentiation programs; however, they
are not sufficient. Similarly, although STAT proteins are the major TFs in inducing the expression of these master
regulators, STATs may not be sufficient for driving T cell differentiation. It is likely that networks of multiple TFs
are required to achieve full CD4 T cell differentiation. Utilizing CRISPR/Cas9 technology, we constructed a retroviral
library expressing sgRNAs targeting all mouse TFs and screened it to identify TFs regulating the expression of master
regulators for Thi, Th2, Th17, and Treg cells. Some novel screening hits will be validated further both in vitro and in
vivo. Such efforts allow us to have a better understanding of the networks and factors guiding CD4 T cell differentia-
tion.
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Abstract:

Activated PI3K delta syndrome (APDS) is an inborn error of immunity (IEI) characterized by activating mutations
in PI3Kd, with patients showing recurrent respiratory infections, dysregulated lymphocyte function, and autoim-
munity, including some skin pathologies. While the role of conventional CD4 and CD8 T cells has been well char-
acterized in APDS, the function of "unconventionald” T cells is unclear. Differentiating between conventional and
unconventional T cells is the acquisition of effector function during development in the thymus, the primary site of
T cell generation. Conventional T cells exit the thymus in a naive state and gain effector function in peripheral lym-
phoid tissues following pathogen exposure. In contrast, unconventional T cells differentiate into cytokine producing
effectors cells during development in the thymus.

Unconventional T cell lineages include gamma delta T cells (gdT), which through the strength of T cell receptor
(TCR) signaling and association of specific transcription factors can influence the specific effector functions of ma-
ture gd T cells. In mice, gd T cells are a critical unconventional T cell population residing within numerous barrier
sites, which utilize distinct V-gamma (Vg) gene segments, encoding TCRs that recognize non-MHC molecules, to
dictate their unique functional properties and tissue homing. To address the role of activated PI3Kd in unconven-
tional T cell development, we investigated the generation of these cells in wild-type (WT) and Pik3cdE1020K/+ mice,
amodel of APDS. Adult Pik3cdE1020K/+ thymi showed dramatically altered gd T cell development, with significantly
increased numbers and frequencies of Rorgt expressing gd17 cells, including Vg4-expressing gd T cells. Skin contains
high numbers of gd17 cells, with inappropriate activity of these cells driving skin diseases such as psoriasis and atopic
dermatitis. Pik3cdE1020K/+ mice showed significantly elevated numbers and frequencies of gd17 cells within the skin,
including fetal-derived Vgé-expressing gd T cells, suggesting that activated PI3K promotes multiple IL-17-producing
gd at different stages of ontogeny. While the role of unconventional T cells in IEIs is under appreciated, alterations in

unconventional T cells in APDS may reveal new roles of these unique lymphocytes in disease pathogenesis.
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Abstract:

Thymic epithelial cells (TEC) are essential to the development of T cells. TEC can be subdivided into cortical TEC (cTEC)
and medullary TEC (mTEC), which mediate positive and negative selection, respectively. The thymus is dynamic or-
gan - growing exponentially after birth, slowly involuting after puberty, and shrinking acutely after injury. Reduction
in thymus size directly correlates with reduced thymocyte development and production of naive T cells. Significant
heterogeneity is evident within TEC compartments, but the relationships between these subtypes are poorly defined,
particularly in the adult. Whereas ¢cTEC and mTEC derive from bipotent progenitors during fetal ontogeny, progeni-
tors in the adult - bipotent or lineage-restricted - remain to be identified and characterized. Enhanced understanding
of adult TEC progenitor-successor relationships will inform regeneration strategies in the elderly and immunocom-
promised patients. The transcription factor Foxn1 is critical for the thymus - with homozygous mutants lacking a
thymus and hypomorphic alleles causing accelerated age-related involution. Postnatally, Foxn1 is known to regulate
genes involved in TEC functions such as antigen processing and presentation. We hypothesized that adult TEC pro-
genitors express Foxn1. To test this hypothesis, we developed an in vivo, Tamoxifen-inducible, fate mapping system
under the control of Foxn1 (iFoxni1) and crossed the mice to conditional reporter systems. Administration of Tamox-
ifen to adult iFoxn1 mice with the tdTomato reporter efficiently fate maps both the ¢TEC and mTEC compartments
with the proportion of labeled TEC persisting long term. Multi-color flow cytometry and scRNASeq of traced TEC
at multiple timepoints post-induction confirm that all TEC compartments are traced long term. Within the mTEC
compartment, the Aire-expressing population is known to be short-lived, with a population half-life of 7-10 days. As-
sessment of Aire+ mTEC in our flow cytometry and scRNASeq data shows stable, long-term labeling - indicating that

the progenitor that maintains Aire+ mTEC expresses Foxn1 in adult mice and is traced in our system. To characterize

130



the activity of Foxni-traced progenitors, we turned to multicolor, 3D confocal microscopy using Ce3D tissue clear-
ing. First, we crossed the iFoxni system to the Confetti reporter to determine whether clonal clusters are apparent
in situ. At 6 weeks post-induction, clusters of geographically isolated cells expressing the same fluorescent reporter
were present in the medulla and contained both Aire+ and Aire- cells. To assess the ability of mTEC progenitors to
give rise to multiple mTEC subsets or a single lineage, we switched to the H2B-eGFP reporter and developed a multi-
marker panel to identify mTEC types. Preliminary analysis from 6 weeks post-induction identifies medullary clus-
ters containing multiple mTEC subsets. In both reporter systems, clusters were small, containing 5-15 cells, and were
composed of multiple mTEC lineages. These results indicate that mTEC progenitors are multipotent and that their
proliferative hierarchy is significantly more shallow than hematopoietic progenitors. From an evolutionary perspec-
tive, ensuring that diverse mTEC subsets are present within a restricted area maximizes the efficiency of thymocyte
negative selection. In future work, we will test how cluster size changes with age and after acute injury - hypothesizing
that cluster size is larger in perinatal mice and after injury.
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Abstract:

KrAYippel-like factors (KLFs) are a family of zinc finger transcription factors involved in multiple biological processes
including proliferation, differentiation and survival. KIf6 is essential for mouse embryo development and embryonic
hematopoiesis, but its role in mouse postnatal hematopoiesis and especially lymphoid lineage development is un-
explored. Interestingly, KIf6 expression is highly upregulated in early T cell progenitors (ETPs) compared with bone
marrow progenitors, suggesting its role in early T cell development. We conditionally deleted KlIf6 in lymphoid pro-
genitors using IL7Rcre, and observed dramatic reduction of thymus cellularity and absence of ETPs. The requirement
for KIf6 in early T-cell development was cell-autonomous, as it was evident in mixed bone marrow chimeras and us-
ing co-culture of bone marrow progenitors with OP9-DL1 cells in vitro. We found that many fewer T lineage cells and
a higher frequency of apoptotic cells were generated from Klfé6-deficient progenitors. Bulk RNA-seq analysis of in
vitro-generated T lineage cells showed that pro-apoptotic genes in the ps53 pathway were significantly upregulated
when KIf6 is deficient. Consistently, ps3 protein levels were increased in Klf6-deficient T cell precursors but not in B
cell precursors, and P53 deficiency rescued T cell development and restored thymus cellularity in KIf6 deficient mice.
By using confocal microscopy and flow imaging, we found DNA breaks in T cell precursors of K1f6 deficient mice lack-
ing ps3, consistent with the increased apoptosis seen in p53-sufficient T-lineage cells lacking KIfé. Our results suggest
that KIf6 is required to maintain genomic integrity in T cell precursors and important for its development.
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Abstract:

To prevent autoimmunity, developing T cells that are self-reactive in the thymus can be deleted or diverted to alter-
native lineages. Alternative lineages include both the Foxp3+ regulatory T cells (Treg) and the less well-characterized
precursors of intraepithelial lymphocytes (IELp). While recent studies suggest that the progeny of IELp have diverse
functions throughout the body, itis unclear what determines if a self-reactive cell will initiate IELp development in the
thymus. To better characterize IELp development, we identify lineage-specific gene expression and localize develop-
ing IELp in the thymus. The thymus comprises cortical and medullary regions harboring unique antigen-presenting
cells (APCs) that test developing T cells for self-reactivity. Combining single-cell RNA-sequencing (scRNA-seq) and
high-resolution Xenium spatial transcriptomic analysis, we identify immature and mature IELp in the cortex. Fur-
ther, scRNA-seq analysis suggests that even cells that have begun IELp differentiation can still be subject to deletion.
Differential interactions with APCs may guide IELp differentiation or deletion. To characterize these interactions,
we are quantifying the distances between self-reactive T cells and APCs using Xenium data. The current analysis
identifies IELp lineage-specific gene expression that can be rapidly induced in self-reactive cells, resulting in cortical
maturation, which contrasts with conventional T cells and Treg. The lack of IELp in the medulla suggests that IELp
are physiologically generated in response to antigens presented in the cortex, either because of the unique antigen-
presenting cells or the requirement for cells to be in an immature stage of T cell development to induce IELp lineage
gene expression. To compare self-reactive T cell development across species, we are performing similar scRNA-seq
and Xenium analyses on human thymi.
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Abstract:

Natural killer (NK) cells function by eliminating virus-infected or tumor cells. Here we identified an NK-lineage-
biased progenitor population, referred to as early NK progenitors (ENKPs), which developed into NK cells indepen-
dently of common precursors for innate lymphoid cells ILCPs). ENKP-derived NK cells (ENKP_NK cells) and ILCP-
derived NK cells (ILCP_NK cells) were transcriptionally different. We devised combinations of surface markers that
identified highly enriched ENKP_NK and ILCP_NK cell populations in wild-type mice. Furthermore, Ly49H+ NK cells
that responded to mouse cytomegalovirus infection primarily developed from ENKPs, whereas ILCP_NK cells were
better IFN~ producers after infection with Salmonella and herpes simplex virus. Human CD56dim and CD56ébright
NK cells were transcriptionally similar to ENKP_NK cells and ILCP_NK cells, respectively. Our findings establish the
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existence of two pathways of NK cell development that generate functionally distinct NK cell subsets in mice and

further suggest these pathways may be conserved in humans.
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Abstract:

Gut immunity is maintained by a diverse array of intraepithelial lymphocytes (IELs) among which ab T cells that co-
express the coreceptors CD4 and CD8aa have emerged as critical players. CD4TCD8aa+ double-positive (DP) IELs
exhibit mixed functional and phenotypic features of both CD4 helper and CD8 cytotoxic T cells, and are considered to
occupy a unique niche in maintaining intestinal barrier immunity. While DP IELs are known to be derived from con-
ventional CD4 T cells, the molecular mechanisms controlling the generation of DP IELs remain incompletely known.
Using a series of genetically engineered mouse models, here, we highlight the effect of MHC-II molecule availability in
the intestinal epithelium on the generation of DP IELs. Specifically, DP IELs were dramatically decreased in their fre-
quency and numbers in interferon-gamma-deficient mice, a mouse model with impaired MHC-II expression in the
intestine. These results suggested a critical role for both cytokines and cytokine driven MHC-II expression in DP IEL
generation. We affirmed the role of cytokines in mice deficient for the homeostatic cytokines IL-7 or IL-15. Notably,
IL-7 and IL-15 signaling inhibited the generation of DP IELs by activating STAT5 signaling. Collectively, these data
demonstrate a unique requirement of DP IEL generation and maintenance with the cooperation of multiple factors,

expanding the current understanding to provide new insights on the MHC and cytokine requirements of DP IELs.
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Abstract:

The abundance of various cell types in the hematopoietic system has been emerging prognostic markers for cancer
outcomes and predictors of treatment response. However, a quantitative understanding of the variability in cell num-
bers during hematopoiesis remains elusive, limiting the ability to optimize therapeutic interventions. In this study,
we relied on the high-dimensional cytometry (mass cytometry and spectral flow cytometry) to carry out both cross-
sectional and longitudinal studies of variability in hematopoietic contents in dozens of healthy C57BL/6 and BALB/c
mice. When collecting samples, we made sure to do so at the same time during the day (10 a.m.) to exclude the effect
of circadian rhythm.

We showed that all cell types exhibit large variation of cell frequency (e.g., with the coefficients of variation (CV)
exceeding 1) in bone marrow, blood, and spleen. For example, a subset of blood neutrophils exhibits almost 100-
fold-change of its frequency (0.4% to 38.3%) across 39 C57BL/6 mice. To rule out that the variations in cell frequency
were due to measurement and/or data processing errors, we quantified the intra-mouse variability by measuring the
correlation in cell type frequency between the left and right femurs of a given mouse. We showed that each cell type
exhibited nearly identical cell frequency in left and right femurs in each mouse (Pearson correlation: rp =0.99, p <
0.001). We found the inter-mouse variability of all cell types to be always larger than the intra-mouse variability.
Altogether, the results shows that the large variations of cell frequency are not due to measurement/processing error,

but, rather and more fundamentally, are of biological origin.
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We then explored the source for the large variations in cell frequency and showed that the intrinsic (stochastic
nature of cell dynamics) cellular noise alone is not sufficient and the extrinsic cellular noise (fluctuation of cell prolif-
eration rates etc.) must be factored in. We further confirmed the large variability of cell proliferation rates though a
5-iodo-2’-deoxyuridine (IdU)-pulsing protocol by performing intraperitoneal injection of IdU with subsequent anal-
ysis by mass cytometry, and through intracellular Ki-67 staining as well. Strikingly, we elucidated that all cell types
experience rare yet synchronized bursts of proliferation across the bone marrow, blood, and spleen.

Through longitudinal analyses of blood composition in healthy mice, we uncovered that the leukocyte fluctuations
exhibit chaotic dynamics, characterized by positive maximal Lyapunov exponent and continuous Fourier spectra. We
performed a similar dynamic analysis for the blood cells in humans using the datasets reported in the literature and
showed that chaos (i.e. a sensitivity to initial conditions) is probably a general pattern for blood cell dynamics in
healthy condition in both mouse and human. Using mathematical modeling approach, we further elucidated that how
the accumulation of B cells (e.g., during lymphoma progression) transitions hematopoietic dynamics from chaotic
states to oscillatory patterns, as frequently observed in leukemia and neutropenia patients.

In summary, our study provided insights into the physiological variations of cell abundance in hematopoiesis.

With a better understanding of the variability in hematopoiesis, therapeutic intervention can be better administrated.
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Abstract:

The poor immunogenicity of the HIV-1 Envelope glycoprotein (Env) is due, in part, to its structural instability and
extensive glycan shielding. Successful vaccine development for HIV-1 will rely on determining the immunogen pa-
rameters required to overcome the poor immunogenicity of Env and produce a durable broadly neutralizing antibody
response. To accomplish this, we produced Newcastle Disease Virus-like particles bearing Env at high valency and
varied conformational stability, adjuvants, dose, and antigen persistence by dose escalation. Influenza virus hemag-
glutinin (HA) or SARS-CoV2 Spike (S) bearing VLPs were used as controls. HA or S bearing VLPs rapidly induced neu-
tralizing antibodies in rabbits as early as 4 weeks after immunization, with the median neutralization titer peaking
at 5746 ID50 and 15,156 ID50 , respectively. Similarly administered Env-bearing VLPs resulted in only low and spo-
radic neutralizing antibody responses after the third immunization at 14 weeks. We observed the greatest increase
in response durability upon increasing the total dosage of Env-bearing VLPs and with escalating dose immunization.
Rabbits immunized with VLPs bearing SOSIP-stabilized Env in an escalating dose developed neutralizing activity
against SF162 at 4 weeks and continued to increase neutralization until peaking at 24 weeks after 4 immunizations.
Most animals developed low neutralization activity against 1086C by 22 weeks (Median =19.6 ID50). In contrast, a
replicating adenovirus type 4 expressing Env induced autologous neutralizing antibodies at 8-12 weeks (after 2 im-
munizations). Our results suggest that numerous features of a live virus infection, specifically stabilization, spike
density, TLR stimulation, total dose, and prolonged presentation of viral glycoproteins, can be combined to improve

the immunogenicity of Env.
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Abstract:

The Mucosal Immunology and Virology Unit at Rocky Mountain Laboratories is interested in how we can induce pro-
tective immunity in the upper and lower respiratory tract (URT and LRT). ChAdOx1 GFP is a replication incompetent
adenovirus-based vaccine developed by the Jenner Institute, University of Oxford. This vaccine uses the same vec-
tor as the Oxford-AstraZeneca COVID-19 vaccine, of which more than 3 billion doses were supplied worldwide. We
believe that this vaccine has strong potential to be developed as a mucosal vaccine and thus want to improve our mod-
eling. When mice are vaccinated with ChAdOx1 GFP, the adenovirus will infect certain cells within the respiratory
tract and these cells will express GFP; subsequently, we will detect these cells using flow cytometry. We hypothesize
that these same populations of cells can be infected by the vaccine to present different antigens depending on what the
vaccine vector encodes. With this project we want to answer three questions: 1) What volume of vaccine is required
to restrict vaccination to the URT, and what volume is required to get vaccination of the URT and LRT? 2) How long
can you detect GFP expression in the respiratory tract? 3) What innate immune cells are induced upon vaccination
with ChAdOx1? To answer question 1, we will use different volumes for intranasal inoculation, harvest lung and nasal
turbinate tissues 24 hours later and perform flow cytometry. We hypothesize that lower vaccination volumes will re-
strict GFP expression to only the URT while larger volumes will affect both the URT and LRT. For question 2 we will
pick two volumes based on the results of experiment 1, one volume that results in antigen expression in the URT only
and one volume that results in antigen production in both the URT and LRT. We will use these volumes for inoculation;
harvest tissues after 3 days, 1 week, or 1 month; and perform flow cytometry. For this experiment we will harvest a
wider variety of tissues including lungs, nasal turbinates, cervical lymph nodes, mediastinal lymph nodes, and nasal-
associated lymphoid tissue (NALT). These additional tissues are associated with immune memory formation and will
give insight into how long vaccine-encoded antigens can be detected in the respiratory tract. If antigen is detectable
at the 1-month timepoint, we will perform a follow-up experiment that includes timepoints of 2 months, 3 months,
and 6 months. To answer question 3, we will use the inoculation volumes from experiment 2 to vaccinate mice, harvest
tissues, and use bulk RNA sequencing and flow cytometry to analyze changes in cell population in the URT and LRT.
From this study we will be able to conclude what cell populations are induced upon vaccination with ChAdOx1 GFP
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and how long these populations can persist in the respiratory tract and associated lymphoid tissue. Understanding
the effect that different inoculation volumes have is essential to properly modeling ChAdOx1 protective immunity in

mice.
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Abstract:

Vaccines against coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), have proven highly effective in preventing severe illness but show inconsistent efficacy in preventing
infection and transmission. This highlights the need to develop vaccines with enhanced immunogenicity that offer
comprehensive protection across both the upper and lower respiratory tracts. Mucosal immunization represents a
promising alternative vaccine strategy, designed to elicit localized immune responses at the primary site of infec-
tiond>(x<the upper respiratory tracti>x<thereby preventing or mitigating infection at its entry point. In this study, we
compared the immune responses induced by intramuscular mRNA vaccination alone with those achieved by a com-
bination of intramuscular mRNA vaccination followed by intranasal administration of ChAdOx1 nCoV-19 in a mouse
model. Both vaccination strategies elicited strong systemic immunity. However, only mucosal vaccination induced
robust humoral and cellular immune responses in the respiratory mucosa, characterized by spike-specific IgA anti-
bodies and tissue-resident T cells. Notably, while both vaccination approaches provided protection throughout the
respiratory tract at two weeks post-vaccination, only mucosal vaccination sustained protection in the upper respi-
ratory tract at twelve weeks post-vaccination. Gene-expression profiling of SARS-CoV-2-infected respiratory tissue,
performed two days post-infection, revealed distinct differences between the two groups. Enrichment of immune
signaling pathways, including B-cell and T-cell receptor pathways, was significantly greater in animals that received
mucosal vaccination. These findings demonstrate that mucosal vaccination offers superior durability and localized
immunity against SARS-CoV-2 compared to intramuscular vaccination alone. This underscores its potential as a crit-
ical tool in developing next-generation COVID-19 vaccines capable of providing long-lasting protection and reducing

virus transmission.
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Abstract:

Lung adenocarcinoma is the leading cause of cancer-related deaths nationally and worldwide. An unmet clinical need
exists to overcome therapy resistance in metastatic lung cancer patients treated with the standard of care platinum-
based chemotherapy combined with immune checkpoint blockade (ICB) using antibodies against the programmed
cell death protein 1 (PD-1) or its ligand (PD-L1). To this end, we are evaluating the anti-tumor efficacy of a novel,
bifunctional fusion molecule, mSTAR1302, comprised of an activating antibody that binds the murine variable beta
13 (VB13, encoded by TRBV13-2/3) chain of the T cell receptor (TCR), and is fused to interleukin-2 (IL-2). The TCR VB13
T cells were identified as a common subpopulation of tumor infiltrating T cells in various mouse tumor models. We
aim to assess the preclinical use of mSTAR1302 in combination with ICB in syngeneic lung cancer models that are
resistant to PD-1 blockade and platinum-based chemotherapy.
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Abstract:

~d T-cell receptors (TCRs) are composed of vy and § chains, each containing a constant and a variable region. Several
aggressive malignancies, including hepatosplenic T-cell lymphoma, express vd TCRs. Given the lack of effective treat-
ments for these diseases, there is a significant need for novel therapeutic approaches targeting v TCR-expressing
cells. Chimeric antigen receptors (CARs) are engineered proteins designed to include an antigen-recognition do-
main alongside cell signaling domains. In this study, we engineered a series of CARs aimed at targeting the constant
region of the 7§ TCR. These CARs were designed with different single-chain variable fragments (scFv), hinge+trans-
membrane (HTM) domains, and costimulatory domains (CoSt). To identify the most effective scFv, we cocultured the
CAR-expressing T cells with target cells and performed enzyme-linked immunosorbent assays (ELISA) to measure
interferon--y (IFN-~°) release in the culture supernatants. We selected CARs thatinduced the highest antigen-specific
T-cell activation, as indicated by the greatest increase in IFN--* release upon coculturing CAR T cells with vé TCR-
expressing target cells compared to cultures without target cells. Target cell lines used for these experiments included
Loucy, MOLT13, and BE13. Among the tested scFvs, the MGDL-based CARs released significantly higher IFN-«? than
the gdL -based CARs when T cells were cocultured with Loucy (P=0.016) and MOLT13 (P=0.014), demonstrating the
superior antigen specificity of the MGDL binding domain. We then compared the performance of three MGDL based
CARs: MGDL-CD8BBZ, which has a CD8a domain and 4-1BB CoST, MGDL-CD828Z, which includes a CD8« domain
with a CD28Z CoSt, and MGDL-28Z, which incorporates a CD28 HTM domain with a CD28Z CoSt. Results showed
that T cells expressing MGDL-28Z released significantly higher levels of IFN-+? when cocultured with Loucy, MOLT13
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or BE13, compared to those expressing the MGDL-CD8BBZ or MGDL-CD828Z CARs. Additionally, IL-2 release was
significantly higher for MGDL-28Z suggesting enhanced T cell activation. Moreover, cytotoxicity assays confirmed
that T cells expressing MGDL-CD8BBZ, MGDL-CD828Z, or MGDL-28Z could effectively kill Loucy and MOLT13 tar-
get cells in vitro. To assess the in vivo anti-malignancy activity of these CAR T cells, we used NSG mice intravenously
injected with either MOLT13 or BE13 cells (expressing luciferase to allow bioluminescence imaging). Treatment with
MGDL-28Z-expressing T cells resulted in a dose-dependent reduction in tumor burden in both models. Mice receiv-
ing 8x10% CAR T cells had significantly lower bioluminescence readings 27 days post-infusion. We then compared the
in vivo function of the MGDL-CD8BBZ, MGDL-CD828Z and MGDL-28Z CARs in the BE13 mouse model. We found
that mice treated with MGDL-28Z CAR T cells had a significantly lower tumor burden than those treated with MGDL-
CD8BBZ on day 36 post CAR T cell treatment. A significant increase in survival was also seen in MGDL-28Z treated
mice. In summary, we developed CARs targeting the v§ TCR constant region, demonstrating their ability to activate T
cells, eliminate tumor cells in vitro, and reduce tumor burdens in vivo. These findings support the potential of vé TCR-
targeting CAR therapies as a novel treatment for 0 TCR-expressing malignancies and possibly some autoimmune

diseases.
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Abstract:

In an era of potentially recurring pandemics, understanding the mechanisms of action of highly effective vaccines
is essential for facilitating the development of novel vaccines. The HPV virus-like particle (HPV-VLP) vaccine is un-
paralleled in its ability to induce stable high titers of antibodies after a single dose that provide lifelong protection
against HPV infections and related cancers. Therefore, to better understand the relationship between the HPV-VLP
vaccine and the long-lived humoral responses generated by immunization, we determined the composition of HPV-
VLP-specific (HPV-VLP+) B cells present in healthy humans with high (sero+) or low (sero-) VLP-specific serum an-
tibodies, and compared them to SARS-CoV2 Spike-specific (Spike+) B cells produced from the well-characterized
COVID-19 vaccine. Due to the presence of high HPV-VLP IgG titers, sero+ individuals were assumed to be vaccinated
against HPV. We first developed a fluorescent HPV-VLP probe that identified human HPV-VLP+ B cells in peripheral
blood. Then, using multiparameter flow cytometry, we characterized 10 B cell subsets, including 4 memory B cell
(MBC) subsets (CD95+, CD27+CD45RBMEM-, CD27-CD45RBMEM+, and CD27+CD45RBMEM+), and the isotypes
expressed in each subset in peripheral blood mononuclear cells (PBMCs) from 13 HPV sero+ and 9 HPV sero- indi-
viduals, as compared to COVID-19 Spike+ B cells from PBMCs of 17 sero+ individuals. Our results showed that the
distribution of all subsets in the HPV-VLP+ B cells remained relatively similar in sero+ individuals compared to MBCs
in total B cells. Although there was a slight increase in the percent of HPV-VLP+ MBCs in sero+ individuals as com-
pared to total MBCs (36% versus 54%), the difference was not significant. In contrast, the percent of Spike+ MBCs
in total Spike+ cells (71%) was significantly increased compared to the percent of MBCs in total B cells (27%). When
examining the isotype expression by MBCs, the majority of HPV-VLP+ MBCs were unswitched IgM* (72% in sero- in-
dividuals versus 58% in sero+ individuals). However, the percent of total IgG™ MBCs in HPV-VLP+ MBCs from sero+
individuals (21%) was increased compared to sero- individuals (9%). This increase in IgG™ MBCs was spread across the

four MBC subsets in the sero+ individuals. In contrast, the vast majority of Spike+ MBCs were IgG* (82%) compared
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to total MBCs (26%). Thus, immunization with HPV-VLP vaccines resulted in alterations on antigen-specific MBCs
which were dramatically distinct from the effects generated by COVID-19 vaccines. We speculate that the heterogene-
ity of HPV-VLP+ subsets and isotype expressions generated by immunization with HPV-VLP vaccines may relate to
the VLP structure, which results in their ability to elicit long-lasting protective humoral responses against pathogens
and closely related variants.
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Abstract:

Streptococcus pyogenes, also known as Group A Streptococcus (GAS), is a widespread human specific pathogen re-
sponsible for a wide range of infections such as sore throats and impetigo. GAS causes more than 500 million cases
per annum, with diseases ranging from pharyngitis to life-threatening invasive infections, including streptococcal
toxic syndrome, necrotizing fasciitis, septic arthritis, and meningitis. Due to the increase of antibiotic-resistant
GAS infections, the World Health Organization has made development of a vaccine against GAS a priority. Group
A carbohydrate (GAC) is a major virulence determinant and is conserved across all GAS strains. GAC consists of a
polyrhamnose (pRha) backbone with an immunodominant N-acetylglucosamine (GIcNAc) side chain. Due to the po-
tential role of antibodies toward the GlcNAc side chain in rheumatic fever, the polyRha backbone is a promising vac-
cine candidate as it does not trigger cross-reactivity with human tissue. Outer membrane vesicles (OMVs) secreted by
Gram-negative bacteria are an attractive vaccine technology. OMVs are spherical, secreted membranous structures
generated from the outer membrane of the bacterium, and are composed of proteins, lipids, and lipopolysaccharide
(LPS). Non-pathogenic Escherichia coli OMVs can be bioengineered to display heterologous glycans from other or-
ganisms as LPS on their surface. In this study, we have reconstituted the GAC/polyRha biosynthesis pathways in E.
coli. Following their physiochemical characterization we investigated their immunogenicity. We found that our gly-
coengineered OMVs induced a mixed anti-inflammatory and inflammatory cytokine profile in THP-1 cells, induced
anti-GAC/pRha antibody production, and promoted memory T cell formation in mice. Taken together, these data

suggest that OMVs produced by glycoengineered E. coli are bioactive in vitro and in vivo.
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Abstract:

The portfolio of next generation COVID-19 vaccines should focus on inducing a durable systemic and mucosal im-
mune response. An intranasal SARS-CoV-2 vaccine has the potential to increase protection against COVID-19 infec-
tion and lessen person-to-person transmission by inducing mucosal immunity. In previous clinical trials, a single
intranasal dose of a replication-competent adenovirus type 4 (Ad4) recombinant expressing influenza hemagglutinin
(Hs) induced durable systemic and mucosal immune responses. We adapted this vaccine platform to express SARS-
CoV-2 Spike variants and assessed immunogenicity and efficacy in the Syrian golden hamster model. Intranasally
administered (IN) Ad4-Wuhan and Ad4-Delta constructs induced serum neutralizing antibody (Nab) titers against
Wuhan, Delta, or B1.1.529 pseudoviruses (Ad4-Wuhan median 50% inhibitory dilution (ID50) = 1684, 629, and 108;
Ad4-Delta median ID50= 992, 451, 276, respectively) at day 56. These were higher than those induced by intramuscu-
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lar (IM) mRNA-1273 (median IDs50 = 413, 306, 28, respectively) or intramuscular Ad26.COV2.S ((median IDs0 = 210,
211, 42) vaccines. Additionally, the Ad-4 Spike induced antibodies had considerably greater durability at 6 months.
Both IN Ad4 recombinants and IM Ad26.COV2.S induced Spike-binding serum IgA, IgG, and IgM, but only IN Ad4
recombinants induced these antibodies in the nasal wash. When challenged with SARS-Cov-2 Delta at day 56 the
IN Ad4-Wuhan and Ad4-Delta vaccines more significantly limited viral replication than the IM Ad26.CoV2.S vaccine
(Median AUC =3.4 X 107, 3.6 X 107, 6.9 X 107 copies, respectively, p-value = 0.002) and had less weight loss and lower
levels of lung pathology. Similar results were observed at day 174 following IN challenge or challenge by hamster-to-
hamster transmission. Together, these data add to a growing body of evidence that suggests intranasal Ad4-Spike is a

promising platform for the induction of durable systemic and mucosal immunity for further testing in clinical trials.
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Abstract:

Recombinant Factor VIII-Fc fusion protein (rFVIIIFc) is an enhanced half-life therapeutic protein product used for
the management of hemophilia A (FVIII deficiency). Fe-fusion is a widely used platform technology involving genetic
fusion of the human immunoglobulin G (IgG) Fc-domain to a therapeutic protein or peptide. The primary purpose of
Fe-fusion is to extend the biologic’s circulating half-life. The mechanistic basis of half-life extension is the interaction
of Fc domain with neonatal Fc receptor (FcRn). However, interactions with additional Fc-receptors can also result
in immunological consequences. Recent studies have demonstrated that rFVIIIFc interacts with various Fc gamma
receptors (FcyRs) resulting in the activation or inhibition of FcyR-expressing immune cells. We demonstrated that
rFVIIIFc, but not recombinant Factor IX-Fc fusion protein (rFIXFc) activates natural killer (NK) cells via Fc-mediated
interactions with FcyRIIIA (CD16). Next, we showed that rFVIIIFc, in the presence of CD16+ NK cells, can promote the
lysis of anti-FVIII B cell receptor (BCR)-expressing B cells, suggesting a plausible molecular mechanism underlying
observations in retrospective case reports and a prospective clinical study suggesting that rFVIIIFc promotes immune
tolerance (eradication of neutralizing anti-FVIII anti-drug antibodies) in hemophilia A patients more rapidly than
non-Fc-fused Factor VIII products. Subsequently, we used human NX cell lines and primary NX cells to study the role
of the FVIII moiety in rFVIIIFc-mediated CD16+ NK cell activation. Activation of CD16+ NK cells with rFVIIIFc was
probed at the molecular level, using antibodies against FVIII, Fc, or CD16. Besides the Fc-CD16 interaction, we iden-
tified the FVIII light chain as playing a key role in the activation of CD16+ NK cells by rFVIIIFc. The use of antibodies
that are FVIII domain-specific demonstrated that blocking FVIII light chain domains C1 or C2, unlike blocking of
FVIII heavy chain domains, inhibited rFVIIIFc-mediated CD16+ NK cell activation. The FVIII C1/C2 domains contain
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discoidin-like domains, that bind phosphatidylserine, and are structurally homologous to phospholipid-binding do-
mains in lactadherin. Lactadherin was effective in inhibiting rFVIIIFc from activating CD16+ NK cells. Additionally,
we showed that rFVIIIFc bound CD16 with five-fold greater affinity than rFIXFc. Thus, we propose that the FVIII moi-
ety impacts rFVIIIFc activation of CD16+ NK cells by two different pathways: (i) FVIII light chain C1 and C2 domain
binding to NK cell membrane phospholipid; and (ii) increasing the affinity of Fc-CD16 interactions. These findings
suggest that novel Fc-fusion proteins containing FVIII C1/C2 membrane binding loops and a relevant ligand can po-
tentially be designed to target and promote lysis of unwanted BCR+ memory B cells or cancer cells. Consequently,
we have designed novel rFVIIIFc variants to probe key residues responsible for rFVIIIFc-mediated CD16+ NK cell ac-
tivation. Our novel Fc-fusion proteins will provide additional insights into the roles that phospholipid membrane
binding and CD16 engagement play in the context of the immunomodulatory rFVIIIFc molecule. Thus, developing
novel strategies to induce rapid, safe, and successful immune tolerance using bioengineered Fc-fusion proteins as
selective B-cell depletion agents may provide substantial clinical benefits, reducing dependence on broad immune-
suppression regimens which can compromise patient safety.
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Abstract:

The HIV-1 envelope (Env) is the sole target of broadly neutralizing antibodies and, therefore, a major target for vac-
cine development. The context in which Env is presented to the immune system is critical for efficiently engaging
responder B cells. We previously designed and tested in pre-clinical models a virus-like particle (VLP)-forming env-
gag mRNA vaccine that elicited tier-2 neutralizing antibodies and protection against heterologous SHIV infection in
rhesus macaques. Here, we further optimize this platform by inclusion of the viral protease to process Gag and pro-
duce mature, rather than immature, VLPs. We hypothesized that protease supplementation could impart mobility
to membrane-anchored Env spikes, resulting in Env clustering and subsequent B-cell receptor (BCR) crosslinking.
Appropriately dosed and timed expression of the protease was achieved using a full-length gag-pol mRNA transcript.
Mice immunizations were performed to investigate the immunogenicity of the improved vaccine platform. To eluci-
date the mechanisms underlying the increased effectiveness of protease-containing vaccine platform, we used cryo-
electron tomography (cryo-ET) to visualize the structure and organization of Env spikes on the surface of mature and
immature VLPs. We found that mRNA formulations both with and without the protease produce VLPs with high
density of Env trimers on their surface. Immunization of mice with HIV-1 env mRNA in combination with SIV gag
and gag-pol mRNAs induced higher titers of trimer-binding and neutralizing antibodies than env alone or env + gag
mRNAs. By cryo-ET, immature VLPs featured a well-organized, assembled Gag lattice underneath the viral mem-
brane and displayed infrequent and sparse Env spikes on their surface. In contrast, in mature VLPs an organized

Gag lattice was not observed, while some particles showed initial core condensation; mature VLPs displayed a higher
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density of Env spikes, with apparent clusters of 3-4 spikes visible on some particles. Clustering of Env spikes on the
surface of mature SHIV gag VLPs may have enhanced BCR crosslinking capacity, which may explain the superior im-
munogenicity of our gag-pol supplemented VLP-forming mRNA vaccine. These results suggest that vaccines capable
of generating mature VLPs may have an enhanced effectiveness.
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Abstract:

Background: T cell stemness is important for anti-tumor immunity against solid tumors. Preclinically, treatment
with PDS01ADC, a tumor-targeting IL-12 immunocytokine, led to significant survival benefit in poorly immuno-
genic murine models alone and in combination with other agents. We hypothesized that PDSo1ADC may promote T
stem cell-like memory cells (TSCM) that contribute towards durable anti-tumor responses. We investigated whether
PDSo1ADC modulated peripheral TSCM in non-tumor bearing mice and in patients with advanced solid tumors
treated on the phase I, open label, dose-escalation trial of PDS01ADC monotherapy (NCT01417546).

Methods: Non-tumor bearing C57BL/6 mice were treated every 2 days with PDS01ADC or PBS control for a total
of 3 doses. Spleens were harvested 4 days post treatment completion and evaluated for TSCM by flow cytometry. Lon-
gitudinal PBMCs from 28 patients enrolled on NCT01417546 were assessed for circulating TSCM by flow cytometry.
TCF1, PD-1, and TIGIT expression on TSCM was also measured. Patients with disease control (n=12) were compared
to patients with no clinical benefit (NCB) from treatment (n=16).

Results: PDS01IADC treatment of non-tumor bearing mice led to significantly increased frequencies of splenic
CDS8™ T cells expressing stem-cell associated markers, including Sca1, Bclz, and CD122. In patients with advanced
solid tumors, significant increases in CD8" TSCM and CD4™ TSCM as well as their TCF1+ fractions were seen as
early as one week after first dose of PDS01ADC. Two weeks after first dose, patients with disease control had signif-
icantly greater percent increases in both CD8" and CD4* TSCM expressing TCF1+ compared to patients with NCB
(p<o.0s forboth). Four weeks after treatment start, patients with disease control were significantly more likely to have
increases in both CD8 TSCM TCF1+ (p<0.05) and CD4™ TSCM TCF1+ (p<0.01). Orthogonal validation via unsuper-
vised clustering of CD8" CCR7+ T cells indicated patients with disease control had increased TSCM over baseline.
Expanding TSCM expressed PD-1 +/- TIGIT, indicating antigen experience. Most TSCM did not express PD-1 and
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TIGIT, suggesting targeted impact of PDSo1ADC in an antigen-dependent manner.

Conclusions: This is the first study on effects of tumor-targeting IL-12 therapy on peripheral TSCM in mouse and
human. Greater increases in TSCM TCF1+ fractions may have a role in disease control in patients with advanced solid
tumors treated with PDSo1ADC. Our data highlight a window for lead-in treatment with PDSo1ADC, followed by
additional immunotherapies to capitalize on this TSCM burst. The tumor-targeting nature of PDSo1ADC may also
direct antigen-specific or adoptively transferred T cells into areas of tumor necrosis. These data support the continued

investigation of immunocytokine-induced changes in T cell stemness and anti-tumor response.
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Abstract:

Background Envelope Vi-deleted vaccine based on the DNA/ALVAC/gp120 protein//alum platform decreases the risk
of SIV and SHIV acquisition, but the regimen is complex and lacks flexibility. We investigated whether the efficacy
of the Vi-deleted envelope immunogens could be recapitulated using the mRNA platform in combination with the
Vi-deleted gp120 alum boost. We found that the Vi-deleted HIV A244 immunogens delivered by the mRNA plat-
form were effective. Comparison of the immunogenicity of the DNA/ALVAC/ixxV1gp120 /alum to that of the mRNA
[ixxV1gp120 /alum platform revealed both similarities and difference in innate and adaptive immune responses as-
sociated with a decreased risk of virus acquisition.

Methods IxV1 gp160 mRNA was administered together with the pss Gag mRNA vaccine (to produce Virus Like
particles) 4 times to a group of 12 macaques at weeks 0, 4, 8 and 13. The fourth immunization included a simulta-
neous inoculation with 1xV1 gp120 protein formulated in alum. Nine animals were left untreated till the challenge
phase (control group). Eight weeks following the last immunization (week 21) all 21 animals were weekly challenged
intrarectally with 12 repeated, low doses of pathogenic SHIV1157(QNE)Y173H (TCID50 = 4.88 x 108/ml), as done pre-
viously.

Results We have demonstrated that thel V1 vaccine based on HIV A244 clade AE with the mRNA platform is ef-
fective as it achieved 79.4% vaccine efficacy in a SHIV clade C model. The data shows that mRNA vaccine can improve
key immunological responses at mucosal sites, that we have previously proved to be important immune correlates

of decreased risk of viral acquisition. Specifically, mRNA immunization increased the antibody responses to gp120,
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increased the frequency of mucosal CD163+CD73+ M2-like macrophages and envelope-specific IgG producing B cells.
As a key element, the mRNA vaccine dramatically increased the number of CD73+DC10 cells and CD73+ mDC cells in
rectal mucosa compared to the I}ViIDNA/ALVAC/I>Vigp120 model.

Conclusion Our results showing an equivalent efficacy (79.4% vs. 81%) of the mRNA-based vaccine to the DNA/AL-
VAC/gp120 vaccine against acquisition of SHIV clade C in macaques demonstrate the potential of the mRNA platform

to overcome manufacturing challenges posed by HIV multicomponent vaccine regimens.
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Abstract:

Introduction: Tissue reconstruction using surgical mesh is vital to restoring form and function to cancer patients after
surgery, which is used to treat over 90% of solid tumors. However, locoregional and metastatic recurrence remains
aleading cause of death in these patients. We hypothesized that the perioperative setting (immediately after tumor
resection) is the ideal time to deliver a localized cancer immunotherapy to prevent tumor recurrence. Our prior work
has shown that biologic scaffolds not only facilitate remodeling, but can prolong cancer vaccine retention, recruit
leukocytes, and generate long-term anti-tumor immune memory. We will apply these scaffolds in a combined tissue
repair and immunotherapy delivery system.

Methods: We developed a genetically engineered melanoma allograft model of tumor surgery and urinary blad-
der matrix (UBM) mesh implantation (Gentrix, Integra Lifesciences). We compared mesh alone vs mesh infused with
cancer immunotherapy: tumor lysate and the immune adjuvant cyclic di-AMP (CDA). Melanoma tumors were surgi-
cally resected along with nearby body wall tissue, and then repaired with immunotherapy infused mesh. We evaluated
the remodeling response to surgical mesh during tumor recurrence and quantitatively evaluated immune infiltration
via IHC and monitored survival out to 120 days to determine protection against local and metastatic recurrence.

Results and Discussion: Tumor lysate consisted of 291 A+ 48 x109 tumor membrane vesicles at 2 mg/ml pro-
tein concentration quantified via dynamic light scattering and BCA assay, respectively. After tumor resection, UBM
alone moderately improved survival (27%) compared to resection alone (0%). Histologically, UBM mesh recruited a
macrophage dominant response at 1447 A+ 373 cells/cm2, the majority of which were CD206+. CD4™ T cells were
observed at lower densities (92 cells/cmz2). This leukocyte response was diminished by 80% at the recurrent tumor
interface. Local vaccine immunotherapy increased UBM leukocyte density (2730 A+ 788 macrophages/cmz) and pro-

vided greater than 50% protection from locoregional and metastatic recurrence by study endpoint of 120 days. The
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addition of CDA to UBM mesh delivery was the most potent factor, as there was no additional survival benefit to in-
cluding vaccine lysate. Furthermore, CDA delivery in either soluble or UBM bound form was effective at reducing
incidence of cancer metastatic burden in the liver via staining for the melanoma marker TRP1. Micrometastases were
observed among all groups, including at 120 days, indicating that treatment may led to immune-induced tumor dor-
mancy. In conclusion, perioperative cancer vaccine immunotherapy greatly enhanced survival and was compatible
with surgical biologic mesh repair. Combining biologic mesh tissue reconstruction with localized immunotherapy

may be a viable clinical strategy to treat solid tumors.
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Abstract:

Antibodies targeting immune checkpoints or costimulatory molecules have been successfully used as antitumor drugs
either as monotherapies or in combination with chemotherapeutic drugs, however their use has been associated with
immune-related adverse events. In particular, treatment with CD40-targeting antibodies (anti-CD40) or immune
checkpoint inhibitors (ICI), including antibodies against PD1and CTLA4, have been associated with mild to moderate
hepatotoxicity and systemic inflammation. To study the impact of combination immunotherapies on the liver we
treated mice with anti-CD4o0 with and without ICI antibodies and monitored systemic and local inflammation within
24 hours of drug administration. Serum alanine transaminase (ALT) concentration rapidly increased with anti-CD40
treatment and was not affected by concomitant ICI administration. However, pretreating mice with ICI followed by
anti-CD4o0 attenuated cytokine production, ROS production, and reduced inflammatory cellularity within the liver.
Cell and cytokine depletion studies revealed the involvement of B cells, macrophages, and NK cells in liver toxicity,
rather than dendritic or CD8 T-cells. This study emphasizes the importance of drug timing of treatment regimen in

the use of anti-CD40 in combination immunotherapy.
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Abstract:

Interleukin-21 (IL-21) is a member of the common cytokine receptor gamma-chain (yc) family of cytokines that plays a
crucial role in immune responses and has potential as a therapeutic agent. IL-21signaling occurs via the IL-21 receptor
(IL-21R) and vc, with pleiotropic actions, including for B cell differentiation, T follicular helper cells, and CD8™ T cells.
To identify key regulators of IL-21 signaling, we performed a genome-wide CRISPR-Cas9 screen in Mino cells, a cell
line derived from a patient with Mantle Cell Lymphoma (MCL) model, using 76,440 sgRNAs targeting 19,100 genes.
The screen identified several genes with significant enrichment of sgRNAs, with NOXA being one of the top hits.
We also observed the enrichment of sgRNAs for IL-21R and STAT3, a known signaling molecule for IL-21, helping to
validate the screen. NOXA encodes the pro-apoptotic protein PMAIP1, suggesting that PMAIP1 is a2 mediator of IL-
21-induced apoptosis. We validated the screen by showing that CRISPR-mediated deletion of PMAIP1 rescued Mino
cells from IL-21-induced cell death, and as expected, knockout of IL-21R and STAT3 also rescued the cells from IL-21-
induced apoptosis, whereas knockout of ICAM1 had no effect. Analysis of ChIP-seq data showed STAT3 binding to
the promoter region of the PMAIP1 gene in B cells, suggesting that STAT3 might directly regulate PMAIP1expression
in response to IL-21 signaling. These findings provide new insights into the molecular mechanisms underlying IL-21-

induced cell death and may help to inform the development of novel therapies for treating Mantle Cell Lymphoma.
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Abstract:

Although early vaccines consisted of crude preparations of live pathogens delivered via oral, intranasal, or intrader-
mal routes, safer modern vaccines tend to use killed pathogens or purified subunits that are injected intramuscularly.
There had been a general dogma that oral vaccine delivery can only work with live pathogens, but a recently developed
cholera vaccine using orally delivered killed bacteria and a recombinant toxin subunit is highly effective. We hypoth-
esized that a recombinant subunit vaccine targeting the BK polyomavirus (BKV) major capsid protein, VP1, might be
immunogenic when administered via oral, nasal, dermal, or rectal routes. Purified BKV VP1virus-like particles (VLPs)
administered intranasally or intradermally elicited average neutralizing antibody titers of roughly 900,000 and 7,500,
respectively. Oral and rectal administration of purified VLPs did not induce detectable antibody responses. To test
the idea that the immunogenicity of purified VLPs might be degraded by exposure to stomach acid or digestive en-
zymes, we administered VLPs protected within live brewer’s yeast engineered to express BKV VP1. Mice that ate live
yeast mixed with regular mouse chow developed average neutralizing titers above 10,000 - a level that has previously
been shown to correlate with resistance to BKV-induced kidney disease in organ transplant patients. The results open
the door to the rapid development of vaccine-style beer that can be marketed with structure/function claims along
the lines of ”supports healthy immune system function,d” in compliance with the Dietary Supplement Health and
Education Act. Plasmids will be shared under OpenMTA.
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Abstract:

Cell-based therapies represent a growing class of treatments for disease. The accumulation of cells within the target
organ or tissue is a critical first step for efficacy but is difficult to assess non-invasively. Non-invasive imaging of cell
migration in real-time enables tracking cells and could aid in improving targeting. We developed an ex vivo cell la-
beling method based on zirconium-89 oxine-cell labeling for tracking cells by positron-emission tomography (PET)
imaging. A combination of PET with computed tomography (CT) provides specific cell tracking with high resolution
anatomical detail. With its 3.3-day half-life, Zr-89 is suitable for tracking cells for up to 1-2 week(s). Incubation of
cells with Zr-89 oxine leads to permeation through the cell membrane and binding to various cellular proteins. Zr-
89 oxine labeling has been successful with all cell types without requiring specific biomarker expression or genetic
modification. With an optimal labeling dose of 4% 1 AuCi (37 kBq) per million cells, radiotoxicity is negligible and
labeled cells, even radiosensitive T cells or hematopoietic stem/progenitor cells, retain their function. The sensitivity
of PET/CT allows for accurate detection of as few as several thousands cells. The Zr-89 oxine cell imaging approach
has been evaluated extensively in various preclinical models. In mice, models examined include T cell therapy using
OT-1T cells and ovalbumin-expressing tumors, bone marrow transplantation, monocyte/macrophage accumulation
to inflammation and tumors, and dendritic cell vaccines. In addition, we have conducted collaborative studies in
non-human primates using autologous NK cells, B cells, and CD34+ hematopoietic stem/progenitor cells. Using this
method, we showed that eosinophils responded to glucocorticoid infusion by mobilizing into the bone marrow, ex-
plaining why eosinopenia is observed following steroid injection. No adverse effects have been observed. Because this
method requires ex vivo cell labeling, Zr-89 becomes diluted with each cell division, making it less ideal for rapidly
dividing cells. Moreover, due to its 3.3-day half-life, Zr-89 oxine is not suitable for tracking cells longer than 2 weeks.
By contrast, reporter gene imaging techniques, in which transferred cells are genetically modified to express a gene
that induces incorporation of a radioactive tracer, cells can be tracked long-term by injecting the tracer at the time
imaging is needed. While reporter gene imaging is advantageous for some indications, the Zr-89 oxine labeling strat-

egy has higher sensitivity because of the absence of background signals in Zr-89 oxine labeled cells infusions. Even
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extremely low radioactivity doses of Zr-89 oxine can visualize transferred labeled cells, whereas reporter gene imag-
ing by PET requires a higher concentration of accumulated cells. Overall, Zr-89 oxine is an excellent agent to evaluate
cell homing and trafficking in the 1-2 week time frame, taking advantage of the high sensitivity of PET/CT imaging.
Our soon-to-be-operational GMP facility for radiolabeling cells is scheduled to open in June 2026 in Building 10. We
are recruiting potential collaborators who are interested in clinical applications of Zr-89 oxine cell tracking.
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Abstract:

Background: Phenotypic analysis of single-cell RNA sequencing (scRNA) from tumor infiltrating lymphocytes (TIL)
indicate two distinct subpopulations of exhausted CD8" T-cells; progenitor-exhausted TIL, TPEX; terminally ex-
hausted TIL, TTEX. CD8+TPEX existing in a less exhausted, more stem-like state has been associated with response
to cellular therapies and immune checkpoint blockade (ICB) [1, 2, 3, 4, 5]. Identification of less-exhausted, stem-like
CD8™" T-cells with antitumor T-cell receptors (TCRs) poses a significant obstacle in the development of adoptive cell
therapy (ACT). Recent murine investigations have suggested that T-cells within tumor-draining lymph nodes rein-
force TIL response [3], but whether such stem-like T-cells targeting neoantigens exist in lymph nodes of humans with
metastatic cancer is unknown.

Methods: Metastatic lesions from 8 patients with stage IV colorectal adenocarcinoma and paired, clinically un-
involved regional hepatic portal lymph nodes (rDLN) were harvested. scRNA was performed across paired liver le-
sions and rDLNS, application of our published TTEX CD8™' NeoTCR signature was used to select candidate antitumor
TCRs [2]. TCR encoded DNA plasmids were retrovirally transduced into healthy donor lymphocytes and functional
screening of TCRs against patient-specific neoantigen candidates and tumor material was performed (Figure 1). Sim-
ilarly, tumor-reactive TCR clonotypes were isolated and tested from rDLN. Confirmed antitumor TCR clonotypes and
their phenotypic states were compared from scRNA analysis of TIL and rDLN. PMEL transgenic mice implanted with
B16F10 tumors were evaluated for phenotype and in vivo ACT-efficacy between TIL and rDLN.
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Results: Screening of patient-derived TCRs confirmed 42 antitumor CD8" TCRs with 31 clonotypes unique to tu-
mor, 3 to rDLN, and 8 shared across all sites. 63% of patients contained at least 1 antitumor TCR within their rDLN.
Tumor-reactive rDLN CD8™ T-cells were phenotypically distinct from those found intratumorally with less expression
of TIL exhaustion markers (CXCL13, CD39, PD1) and higher expression of stemness markers (TCF7, IL7R, KLF2). Tu-
mor exclusive clones were more exhausted compared to those shared in rDLN. Stem-like antitumor TCR clones found
in rDLN were also found in circulating blood. Finally, antitumor CD8" T-cells from rDLN of tumor-implanted PMEL
transgenic mice maintained a more stem-like phenotype compared to TIL counterparts (p = 0.0079, Mann-Whitney,
T-test) and mediated superior tumor regression in vivo.

Conclusion: We provide first evidence in humans that antitumor CD8™ T-cells can be identified within rDLN from
metastatic cancer patients. These CD8" T-cells appear less clonally expanded within rDLN compared to TIL, albeit
with less exhausted phenotype.
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Abstract:

IFN-o2-producing Thi cells induce ascending paralysis in the spinal cord while IL-17-producing Thi17 cells mediate
cerebellar ataxia and other CNS neuroinflmmatory diseases including uveitis. The blood-brain-barrier/blood-retina-
barrier is a major impediment to therapeutics for CNS autoimmune diseases, including uveitis and multiple sclerosis
(MS). Given that STAT3 and STAT1 are required for Th17 and Thi cells differentiation, respectively, therapeutics tar-
geting these intracellular transcription factors are promising options for treating CNS inflammatory diseases. We
studied a camel-derived nanobody (SBT-100) and show that SBT-100 can be used to target multiple STATS to suppress
experimental autoimmune uveitis (EAU) or experimental autoimmune encephalomyelitis (EAE), animal models of
human uveitis or MS, respectively. EAU or EAE was induced in C57B/6] mice by immunization with IRBP(651-670)
peptide or MOG(35-55) peptide, respectively with CFA. Mice were treated twice daily with SBT-100 (1omg/kg body
weight) until day-14 post-immunization. EAU development was assessed by fundoscopy, OCT, ERG and EAE was
assessed clinically every other day until day-21. H&E sections were subjected to histopathological analysis. Inflam-
matory cells in the retina, brain or spinal cord were analyzed by intracellular cytokine analysis and T cell prolifera-
tion assay. We show that SBT-100 ameliorates encephalomyelitis and preserved vision in uveitis through suppress-
ing the expansion of Th17 and Thi cells in the retina of EAU mice, and brain and spinal cord of EAE mice. Adoptive
transfer experiments revealed that lymphocytes from SBT-100-treated EAE and EAU mice have reduced capacity to
induce EAE or EAU, indicating that the immunosuppressive effects derived from the direct suppression of encephali-
togenic/uveitogenic T-cells. Also, to assess nanobody effect on already established disease, SBT-100 treatment of EAE
induced via adoptive tranfer of encephalogenic T cells resulted in reduced neuroinflammation. Taken together, SBT-
100 broad targeting of multiple STATSs is promising for targeting multi-mechanistic diseases like multiple sclerosis.
The small size of SBT-100 and its amelioration of uveitis or encephalomyelitis without alloreactivity or toxicity makes

SBT-100 an attractive therapeutic option for the treatment of CNS autoimmune diseases.

169



ABSTRACT Poster #107 - Monday

Keywords: Immunotherapy & Vaccines

Nanobody-based CAR targeting of an endogenous retroviral envelope for the

treatment of glioblastoma

« Presenter: Saliha Majdoul

- Authors: Saliha Majdoul (1), Wenxue Li (2), Kevon Sampson (2), Kari
Wilson (1), Julia Haggie (1), Deepa Seetharam (3), Anandani Nellan
(1), Ashish H. Shah (3), Avindra Nath (2), and Naomi Taylor (1)

. Affiliation(s): (1) Pediatric Oncology Branch, Center for Cancer Re-
search, National Cancer Institute, Bethesda, MD, USA, (2) National
Institute of Neurological Disorders and Stroke, NIH, Bethesda,
Maryland, USA, (3) University of Miami School of Medicine, De-

partment of Neurosurgery, Miami, Florida, USA

Abstract:

Glioblastoma multiforme (GBM), identified as grade IV astrocytoma, is the most common malignant brain tumor
and is highly aggressive. Despite surgical resection, radiotherapy, and chemotherapy it has a poor prognosis with a
median survival time of 14-16 months. Thus, it is critical to develop new therapeutic strategies for these patients.
We recently showed that the human endogenous retrovirus HERV-K (subtype HML-2), normally silenced in non-
malignant cells, is reactivated in GBM and contributes to the maintenance of glioblastoma stem cells, enabling tumor
regrowth. Furthermore, the HML-2 envelope (Env) is expressed at high levels at the surface of GBM tumors compared
to healthy brain tissue, making it an attractive target for the development of a chimeric antigen receptor (CAR)-based
immunotherapy strategy. We first developed an HML-2 Env-specific nanobody through the screening of a synthetic
humanized VHH phage display library and used epitope fingerprinting to map binding to a non-linear epitope in the
Env surface unit domain. This nanobody was then incorporated into CAR constructs harboring either 4-1BB or CD238
costimulatory domains. Notably, HML-2 Env-targeting CARs were efficiently expressed at the surface of transduced
primary T cells and exhibited high induction of both IFN-a? and IL-2 cytokines in response to HML-2 Env+ GBM at
multiple effector:target ratios. Moreover, HML-2 Env CAR-T demonstrated high in vitro cytotoxicity, as assessed by
cellular impedance assays. These promising results highlight the strong potential for a HML-2 Env-targeting CAR
T-cell therapeutic approach for the treatment of GBM.
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Abstract:

Enterovirus Dé8 (EV-Dé8) is a picornavirus that causes biennial outbreaks of respiratory disease in young children
that can progress to severe complications, including acute flaccid myelitis. There are no approved vaccines or antiviral
treatments to mitigate such outcomes. Virus-like particles (VLPs) have been demonstrated to elicit potent neutral-
izing antibodies that correlate with EV-Dé8 protection in animal models. Here, we have isolated and characterized
antibodies of nonhuman primates (NHP) elicited with EV-Dé68 VLPs based on recently circulating subclades. By char-
acterizing more than thirty neutralizing monoclonal antibodies (mAbs) we found five potent neutralizers, that target
overlapping epitopes near the five-fold axis of symmetry. Cryo-electron microscopy structures of two NHP mAbs in
complex with VLP revealed their epitopes around the receptor-binding canyon and similarity to a potent mAb pre-
viously isolated from a convalescent human. Our results demonstrate that an EV-Dé8 VLP vaccine candidate elicits
potent neutralizing antibodies targeting a major site of viral vulnerability.
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Abstract:

Chimeric antigen receptor T (CAR T) cell therapy has been very effective at treating hematological malignancies
such as B cell acute lymphoblastic leukemia (ALL) and lymphomas. However, the same level of success has not yet
been reached in the treatment of acute myelogenous leukemia (AML). AML is a heterogeneous disease with residual
leukemic stem cells, contributing to a high rate of relapse. In preclinical models, CAR T directed against CD33 anti-
gend<<highly expressed on AML blastsdx<have exhibited significant cytotoxicity against AML. A first-in-child/first-
in-human phase 1/2 CD33 CAR T clinical trial is currently ongoing in the Pediatric Oncology Branch at the National
Cancer Institute (NCT03971799). A meta-analysis of the field found that only 48% of AML patients treated with CAR
T cell therapy achieved complete remission, necessitating continued research into AML treatments (Shahzad et al.
Front Immunol 2023). We hypothesized that in comparison with these conventional T cells harboring an a3 T cell
receptor (TCR), allogeneic 76 T cells - spanning innate and adaptive immune functions and exhibiting a lower risk
of inducing graft versus host disease (GvHD) - would be more efficacious. We successfully demonstrated that 4§ T
cells have the potential to induce robust anti-tumor cytotoxicity (Dwivedi et al. Blood 2023). However, the efficacy
of ¥4 T cells is often limited by their short half-life. Hence, we hypothesized that introducing interleukin-15 (IL-15)
could potentially enhance the persistence and efficacy of CD33 vd CAR T cells since IL-15 has been shown to preserve
a T cell memory phenotype and increase yJ T cell persistence (Van Acker et al. ] Hematol Oncol 2016). Here, we
generated CD33 CAR ~4 T cells and found that incorporation of tethered IL-15 significantly enhances their cytotoxic
efficacy against AML cells, even upon repeat leukemia stimulation. Furthermore, the incorporation of tethered IL-15
increased the expansion of CD33CAR «d T cells albeit with high donor variability. Tethered IL-15 also improved the
in vivo efficacy of CD33CAR «J T cells, associated with higher persistence of V2 T cells. Importantly though, while
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tethered IL-15 exacerbated the off- target toxicity of a3 T cells, resulting in extensive GvHD, it did not alter the low
levels of GVHD observed following the adoptive transfer of CD33CAR 74 T cells. These experiments lay the foundation

for an IL-15-cytokine-promoted adoptive transfer of allogeneic vd CAR T cells for the treatment of relapsed/refractory
AML.
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Abstract:

Human tumors are largely infiltrated by T cells recognizing broad tumor-unrelated epitopes, including epitopes de-
rived from viral antigens. In an effort to activate these antiviral T cells within tumors, we have shown previously
that intratumoral injection of minimal cognate peptides derived from murine cytomegalovirus (CMV) along with a
TLR3/RLR agonist could locally reactivate CMV-specific CD8™ T cells, resulting in immune activation of the tumor mi-
croenvironment, epitope spreading towards tumor-specific antigens, and eradication of tumors. To examine whether
this approach relies on direct tumor cell killing through tumor MHC presentation of locally delivered peptides, we
generated a S2M-knockout syngeneic murine TC-1 cell line that is unable to express surface MHC-I.

Systemic vaccination of mice with a TC-1 tumor-specific antigen (E7) failed to control MHC-I-deficient tumors.
However, intratumoral injection of CMV-derived MHC-I- and MHC-II-restricted peptides significantly delayed tu-
mor growth and induced expansion of CMV-specific T cells in MHC-I-deficient tumors. Thislocal activation of cancer-
unrelated, bystander antiviral T cells was associated with the upregulation of IFN-a?-associated molecules, cell death
receptor ligands, and immunogenic cell death markers by MHC-I-deficient tumor cells. Further analysis showed
broad immune activation at the proteomic and transcriptomic levels, including notably enhanced signatures of anti-
gen presentation, IFN-«? signaling, T cell activation, cellular cytotoxicity, and ECM remodeling. However, initial
tumor clearance was followed by outgrowth of MHC-I-deficient tumors, contrasting with the long-term control of
MHC-I-expressing tumors we observed. This suggests that in the absence of bystander T cell activation, direct recog-
nition of tumor cells via MHC is still required for complete eradication of tumor cells and long-term tumor control.

We are currently evaluating the potential mechanisms involved in the control of MHC-I-deficient tumor cells
through this in situ viral peptide delivery approach. As we have observed broad immune activation, we expect that
multiple mechanisms might be contributing. We are particularly interested in exploring the roles of myeloid cell-
mediated tissue damage and T cell-mediated tumor cell killing through death receptors and NK cell receptors. Over-
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all, our study aims to uncover alternative ways to harness bystander T cells for tumor immunotherapy and optimize

anti-cancer vaccines.
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Abstract:

Background TCR gamma alternate reading frame protein (TARP) is a tumor antigen. It is most commonly in prostate
cancer but the transcript has been identified in other cancers such as breast cancer and blood cancers. Previously, our
group investigated two types of vaccines targeting two overlapping epitopes of TARP (TARP Study, NCT00972309)
and showed safety and immunogenicity in participants with stage Do prostate cancer and HLA-A2 (Wood LV et al.
Oncolmmunology 2016). In this report, we present the results of the ME-TARP Study, which administered the up-
dated multi-epitope (ME)-TARP dendritic cell (DC) vaccine to TARP Study participants who were eligible and willing
to enroll to the new study. Methods Previous TARP Study participants were contacted. Those with adequate ECOG
performance and organ function were enrolled. After the consent, participants underwent with apheresis to collect
peripheral blood mononuclear cells. Monocyte derived dendritic cell (DC) vaccines were manufactured at the Center
for Cellular Engineering/NIH for each dose. Two million DCs pulsed with five overlapping synthetic long peptides
(SLPs) of TARP and two HLA-A2 restricted peptides of TARP were administered at Weeks 3, 6, 9, 12, 15, and 24. Pa-
tients were assessed every 3 weeks during the treatment and every 12 weeks for a total of 24 months. PSA Doubling
Time (PSADT) and the slope of PSA change were assessed in patients who were not exposed to androgen deprivation
therapy (ADT). Restaging scans were obtained every 12 months and personalized for patients with known metastatic
lesions. Immunological responses were assessed with pre- and post-vaccination specimens. Results Among 41 TARP
Study participants, 14 participants were available and eligible for the ME-TARP study. The interval between the two
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studies was 95 (median; range 46-122) months. Thirteen participants were evaluable clinically. Six had remained an-
drogen deprivation treatment (ADT)-naive and four of 6 ADT-naive patients showed no increase in the PSA slope after
the vaccination. Adverse events were mainly self-limited grade 1-2 injection site reactions. Ten of the 13 participants
were who showed a decreased PSA slope at Week 24 or 48 in the TARP study. PMBCs were stimulated with the vaccine
peptides for 7 days prior to tetramer staining and FluoroSPot. Paired baseline and post-vaccination peripheral blood
samples of the ME-TARP study showed tetramer responses. Interferon-gamma FluoroSpot assay showed positive
responses against TARP at baseline (4-10 participants depending on the peptides) and post-vaccination (5-12 par-
ticipants depending on the peptides). Interestingly, Patient 114 who previously showed the strongest TARP-specific
immune responses in the TARP Study showed outstanding responses again with a negative PSA velocity in the ME-
TARP study. Conclusions Re-vaccination targeting the same antigen with additional peptide antigens several years
after initial vaccination in HLA-A2 patients with prostate cancer was safe. Vaccine immune responses were detected
at the time of enrollment in the subsequent study several years after the previous study which might suggest vaccine-
induced immune memory. ME-TARP DC vaccine was able to induce anti-TARP immune responses in patients with

various status of prostate cancer when re-vaccinated in participants who did not have one at the baseline.
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Abstract:

Immunological memory is formed during primary exposure to an antigen and is recalled upon future exposures to
structurally related antigens. This "imprintingd” of adaptive immune cells has been observed to be particularly im-
portant for responses to rapidly mutating viruses such as severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). However, it remains unclear how complex exposure histories shape adaptive immunity and contribute to
protection from future exposures. To better understand how prior SARS-CoV-2 exposures shape responses to and
protection from future variants, we challenged rhesus macaques of diverse exposure histories with the Omicron BA.1
variant and assessed ability to control virus replication in the lung and nose. To assess differences in adaptive immune
metrics between groups and establish correlates of protection against variant challenge, we longitudinally measured
anti-SARS-CoV-2 antibody titers and immune cell frequencies. We found higher titers of antigen-specific antibody
and spike-specific B and Th1 T cells frequencies were significantly associated with lower virus copies in the lung. To
compare functional antibody repertoires between groups, we sorted 1,200 Spike+ memory B cells for monoclonal
antibody isolation and screening. From these, we recovered 500 sequence-function pairs of mAbs across longitudi-
nal timepoints. Functional screening revealed distinct patterns of SARS-CoV-2 epitope specificity, cross-reactivity,
neutralization, and variable region sequences across different exposure histories, stemming from initial exposure.
Together, these data identify numerous features that are shaped by SARS-CoV-2 exposure history and correlate with
protection from future variant infection. A deeper understanding of these immunological features and how they are
shaped can improve prediction of vaccination outcome, enabling precise vaccine immunogen selection.
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Abstract:

The ability to generate immunity in response to vaccination is diminished in the elderly, leaving them susceptible to in-
fection. Memory B cells (MBCs) play a critical role in vaccine response, so characterizing MBCs and their changes due
to age are necessary for understanding reduced vaccine response in the elderly. We previously characterized MBCs
from 12 younger (age 18-34) and 12 older (age 55-80) individuals with a flow cytometry panel that separates peripheral
blood B cells into 10 subpopulations, including 4 MBC subsets (CD95+, CD27+CD45RBMEM-, CD27-CD45RBMEM+,
and CD27+CD45RBMEM-+). We found that MBCs are heterogeneously distributed among the 4 subsets and similarly
between age groups. Subsets from each age group also expresses similar levels of BCR isotypes, CD73, and the inher-
ently autoreactive immunoglobulin gene VH4-34. We next sought to quantify additional parameters that may point
to functional differences between subsets and age groups. We first assessed baseline levels of the phosphorylated sig-
naling proteins downstream of BCR signaling including pAkt, pLC~y2, pSyk and pBLNK, along with anergy-associated
transcription factor PTEN and transcription factor Nur77. In 5 younger and 5 older individuals tested, the levels of
these intracellular proteins were mostly unchanged between subsets and age groups. Future directions will include
sorting MBC subsets by FACS and performing in vitro functional studies such as calcium flux, total internal reflection
microscopy, and mechanosensing to compare their activation requirements. These experiments may provide clues to

amechanism of age-related, decreased vaccine response as mediated by memory B cells.
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Abstract:

Leishmaniasis is a neglected tropical disease for which no vaccine is available. We developed a live-attenuated Leish-
mania major strain lacking the Centrin gene (LmCen~/ ") as a vaccine, which showed excellent safety and immuno-
genicity in pre-clinical studies. Immunization with LmCen~/~ induced protection against homologous (L. major)
and heterologous (L. donovani) challenge infections in murine models, and the protection was shown to be mediated
by IFN-a secreting T effector cells. Studies in leishmanization (infection with low dose of virulent L. major; LmWT)
models showed that persistent infection is necessary for maintaining protective immunity, in addition to the role of
central and skin resident memory T cells in protection. Similar studies with live attenuated vaccine strains regarding
persistence and durability of protection have not been undertaken. Here, we evaluated the presence of latent parasites
in cells from the bone marrow that could define the immune landscape. We used dual-scRNAseq to identify cells har-
boring parasites within the bone marrow 28 days post-infection. We identified about 1% cells from mice infected with
either virulent LmWT or vaccinated with LmCen—/~ harbored Leishmania transcripts suggesting parasitization. We
investigated the effect of parasitized cells on the immune landscape in the bone marrow. Using scRNAseq, the identi-
fication of different cell populations within the bone marrow after intradermal inoculation of both parasites showed
an increase in emergency hematopoiesis at 14-, 28- and 42-days post infection. Although differences in the immune
landscape were observed, LmWT infection resulted in an enhanced megakaryopoiesis that was not observed in the
animals vaccinated with LmCen~/~. Conversely, LmCen~/~ vaccination led to stronger induction of myelopoiesis
compared to the LmWT infection, particularly a higher percentage of mature monocytes and macrophages in the
bone marrow. Moreover, the monocytes isolated from the bone marrow of vaccinated animals were able to control the
challenge infection with LmWT in vitro more efficiently than the monocytes from naive animals. In conclusion, vac-
cination with a live-attenuated LmCen~/~ vaccine elicited neutrophil and monocyte expansion in the bone marrow,
which could be responsible for strong protection against leishmaniasis. Further studies will focus on determining
the mechanisms by which the persistent presence of latent parasites within the bone marrow induce protection. My
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contributions are an informal communication and represent my own best judgement. These comments do not bind
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Abstract:

Omsk Hemorrhagic Fever Virus (OHFV) is an emerging tick-borne flavivirus prevalent in the Siberian region of Rus-
sia. In recent years, OHFV has been spreading beyond its endemic region into neighboring Kazakhstan. Symptoms
of Omsk Hemorrhagic Fever (OHF) include fever, headache, nausea, severe muscle pain, cough, and moderately se-
vere hemorrhagic manifestations. There can be a second neurologic phase occurring in up to 50% of patients with
encephalitic symptoms manifesting in the third week. OHFV is primarily spread through bites of the meadow tick
(Dermacentor reticulatus) or by contact with blood, feces, or urine of infected muskrats (Ondatra zibethicus), which
serve as a reservoir, through activities such as hunting or trapping. Currently, there are no specific treatments or vac-
cines for OHFV. The goal of this project is to develop a live attenuated Vesicular Stomatitis Virus (rVSV) based vaccine
expressing the OHFV pre-membrane (prM) and envelope (E) proteins in order to elicit a robust humoral and moder-
ate cellular immune response. VSV-EBOV, expressing the Ebola virus (EBOV) glycoprotein, is an excellent candidate
for a viral vector vaccine because it is clinically well studied and its proven efficacy as an EBOV emergency vaccine.
Our approach involved genetically modifying VSV-EBOV to include the OHFV prM/E proteins in the second genome
position followed by in vitro biochemical and virological characterization. Immunogenicity and protective efficacy of

the rVSV-OHFV vaccine are studied in a murine disease model.
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Abstract:

Enteroviruses are among the most common human viral pathogens. Infection with these viruses can result in a broad
spectrum of serious illnesses including acute flaccid myelitis (AFM), a polio-like childhood paralysis; neonatal sepsis;
aseptic meningitis; myocarditis; and hand-foot-mouth disease. Despite the diverse primary sites of enteroviruses
infection, including the respiratory and alimentary tracts, and an array of diseases associated with these infections,
there is significant genetic and antigenic similarity among this species of viruses. This conservation results in the
induction of cross-reactive antibodies that are either able to bind and neutralize, or bind but not neutralize, multi-
ple enteroviruses. Virus specific ELISA binding and neutralization assays results using sera from healthy individuals
between 18 -80 years old revealed that not everyone is protected against enteroviral infections including enterovirus
D68 and that age does not correlate with presence of anti-enterovirus antibodies. The presence of an immune re-
sponse against an enterovirus not known to be circulating is not unique to enterovirus Dé8 but can be observed for
Coxsackievirus A18. These results support the presence of a cross-reactive anti-enterovirus antibody secreting cells
and possibly memory B cells. Furthermore, these data suggest that the cross-reactive anti-enterovirus antibodies

may impact vaccine efficacy.
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Abstract:

Secondary dengue virus (DENV) infection is thought to induce cross-serotype protection, which is partially mediated
by an increased breadth in antibody responses after heterotypic infection. Whether this post-secondary antibody di-
versification is the result of the recruitment of recalled, cross-reactive B cells generated during primary infection to
germinal centers (GC) or is driven by naive B cells responding to the secondary infection is not completely understood,
partially because of the difficulties surrounding direct sampling of human GC responses. With the goal of 1) describ-
ing differential B cell responses across distinct DENV infection histories and 2) directly viewing GC reactions initiated
in response to DENV infection, we established a blinded Phase 1 trial to model sequential DENV infection in 45 indi-
viduals across different immune histories (naive, heterotypic, and polytypic) using a live-attenuated DENV3 vaccine.

Alongside meticulous longitudinal serum and PBMC sampling, we successfully implemented a minimally invasive,
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ultrasound-guided, fine needle aspirate (FNA) sampling of draining lymph nodes (LN) to capture DENV-responsive
B cells. In total, 24 participants provided FNA samples, totaling 73 procedures with an 89% success rate (as defined
by collections of >100,000 cells with >80% viability and <20% granulocyte contamination). Individuals’ longest LN
diameter increased in length by 4mm from pre- to post-vaccine timepoints (i.e. Day 15 and 28) before largely re-
turning to pre-vaccine lengths by Day 57, suggesting a modest but significant expansion in LN size to accommodate
active GC reactions. Preliminary flow cytometric analyses identified LN-resident GC B (BGC) and T follicular helper
cells in FNA samples after vaccination, confirming the LN expansion observed corresponds with the induction and
recruitment of cell populations involved in GC reactions. Additionally, we observed 11-fold greater frequency of ac-
tivated (CD71+) BGC cells compared to non-BGC cells in FNAs 28 days after vaccination, highlighting the selective
participation of B cells recruited to LNs in GC reactions. We even detected DENV3-specific BGC cells as far out as
day 57 using fluorescently tagged DENV envelope dimer proteins as probes, indicating sustained, vaccine-induced
GC activity in some individuals for up to 2 months after vaccination. Conversely, in some individuals, we detected
both DENV3 type-specific and DENV2 cross-reactive IgG™ and IgM* memory B cells in circulation as early as 15 days
after vaccination. These circulating DENV-specific B cells upregulated CXCR3 in comparison to the DENV-negative
cells, identifying them as the memory B cell subset recalled in response to a vaccine-induced Th1 response. Our ongo-
ing work will continue to characterize the circulating and LN-resident cell populations responsible for initiating and
driving forward the GC reactions underlying differential vaccine responses, providing valuable GC-informed insight

to our basic understanding of DENV-specific B cell and antibody responses.
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Abstract:

Norovirus is the leading cause of non-bacterial acute gastroenteritis in all age groups, causing significant morbid-
ity and mortality in vulnerable populations. Norovirus is a rapidly-evolving RNA virus with 40 different genotypes
capable of infecting humans. This diversity, combined with an incomplete understanding of natural immunity, has
delayed the development of effective vaccines and therapeutics, costing the global economy $60 billion every year.
Further, although adults will be re-infected with norovirus 4 times throughout life, the durability and breadth of im-
munity as well as contributions of memory recall to protection remain understudied. To address these gaps, we pro-
filed the timing, breadth and functionality of the humoral immune response in 14 participants following experimental
human norovirus challenge with genotype GIL.2 virus. We utilized a diverse panel of virus-like particles (VLPs) and
soluble structural domains of the viral capsid protein, protruding (P) and shell (S) antigens from common norovirus
genotypes to profile the serological and memory B cell response. We found that virus challenge induced strong ho-
motypic IgG and IgA antibody responses, though IgA more quickly waned and domain-specific responses varied. We
observed robust homologous HBGA-blockade titers (surrogate for virus neutralization) in 11/14 individuals, which
peaked at day 15 post-infection. Despite high levels of cross-genotype binding antibodies in all individuals both be-
fore and after challenge, heterologous blockade was limited. There was no detectable pre-existing GII.2 neutralizing
titers in any participants, and though 50% of people demonstrated blockade against the most prevalent circulating
strain, GII.4_Sydney, this offered no apparent protection from GII.2 disease. We next selected two individuals who
developed strong homologous antibody responses, but did not demonstrate serological breadth, to interrogate the
memory B cell response at day 15. Using LIBRA-seq, a strategy that links antigen-specificity to B cell receptor se-
quence using NGS, we mapped the antigen specificity of 719 B cells with paired sequence information. The majority
of cells were predicted to bind the P domain (n=451), while cells recognizing only a VLP or S domain antigen were less
frequent. The heavy chain repertoire used diverse variable genes, but one single light chain clonotype was used by 20%
of cells. Finally, we recombinantly expressed the two most abundant clonotypes for characterization. Both antibodies
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potently bound the GII.2 capsid and recognized the P domain as expected. Notably, one clonotype had 95% germline
gene identity while the other retained only 75% germline identity, highlighting the contribution of both de novo and
pre-existing B cell responses. The results reported here provide critical insights into the humoral immune response

to human norovirus and highlight the need for vaccine strategies that elicit broadly protective immunity.
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Abstract:

Direct delivery of monoclonal antibodies (mAbs) or other biological therapeutics to the site of infection or disease via
inhaled or intranasal delivery is currently being pursued in preclinical and early clinical studies. Standardized tran-
scytosis or permeability assays are necessary for evaluating the product quality of complex biological therapeutics
delivered via inhaled or intranasal routes of administration (ROA). As the respiratory epithelium is the primary target
for these ROAs, it's important to identify cell lines and culture methods that accurately model the respiratory epithe-
lium and the permeability or transcytosis of biological therapeutics. The goal of this research is to directly compare
immortalized cell lines derived from respiratory epithelium to primary nasal and bronchial epithelium to identify the
cell line(s) that best model natural tissue and use these cell lines to establish an IgG transcytosis assay. The primary
and immortalized cells were grown in air-liquid interface (ALI) culture to induce differentiation and characterized us-
ing transepithelial electrical resistance (TEER), qRT-PCR, and immunohistochemistry. As IgG is too large to passively
diffuse across the plasma membrane, the basal and temporal expression of the primary transport protein, neonatal
Fc receptor (FcRn), was determined for all cell types. Additionally, the transcytosis kinetics of IgG were determined
for all cell types grown at ALI, modeling both inhaled (apical administration) and systemic delivery (basal adminis-
tration). The cells lines A549 and Calu3 were most similar in the expression of FcRn and in the transcytosis kinetics of
IgG when compared to primary bronchial epithelial cells. Optimal ALI culture methods were determined for both cell
lines to establish a reliable and reproducible mAb transcytosis assay. Additionally, culture methods were developed
to allow the co-culture of A549 and Calu3 cells with the respiratory endothelial cell line, HULEC-5a to establish a more

complex transcytosis assay that models both the respiratory epithelium and the microvascular endothelium.
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Abstract:

Respiratory syncytial virus (RSV) is the most important viral agent of severe respiratory disease in young children.
There are no vaccines for active immunization of young children against RSV. Codon-pair deoptimization (CPD) re-
lies on the natural phenomenon of codon-pair bias, in which certain pairs of synonymous codons are overrepresented
compared to others in a specific organism. CPD involves synonymous recoding of open reading frames (ORFs) of a
pathogen using a computer algorithm to increase the proportion of under-represented codon pairs without changing
the overall codon frequency or amino acid coding. CPD of viral pathogens generally reduces viral fitness, providing
attenuated versions that might be useful as live vaccine candidates. CPD generally increases the frequency of CpG
and UpA dinucleotides, which is thought to be immunostimulatory. Indeed, while CPD viruses are attenuated in an-
imal models, they frequently are similarly or more immunogenic than the wild-type (wt) virus. Dendritic cells (DCs)
act as a bridge between the innate and adaptive immune response. We hypothesized that due to their increased rate
of CpG and UpA dinucleotides, CPD RSVs might induce robust activation and maturation of DCs. Thus, we assessed
four previously-characterized CPD RSV vaccine candidates for their ability to activate human monocyte-derived DCs
(moDCs) in vitro. These include MinA (CPD of 6 of 11 RSV ORFs; NS1, NS2, N, P, M, SH; 695 silent nucleotide sub-
stitutions), MinL (CPD of the RSV large polymerase ORF, 1378 silent nucleotide substitutions), and their genetically-
stabilized versions MinAstab and MinLstab that include compensatory missense mutations mostly in non-CPD ORFs.
These stabilizing mutations increased viral replication in Vero cells but paradoxically increased the attenuation with-
out affecting the immunogenicity in rodents. In moDC, twenty-four hours after infection, viral protein expression
of all four CPD RSVs was significantly lower compared to wtRSV, consistent with an attenuated-like phenotype. De-
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spite the reduced viral protein expression, infection of moDC with MinAstab and MinLstab, in particular, resulted
in upregulation of co-stimulatory molecules such as CD38, CD80, and CD86 to levels similar to those after infec-
tion with wtRSV. Furthermore, the magnitude of expression of some key interferons and inflammatory cytokines
(including IFN- A1, IFN-2, CCL19, CXCL9, and IL-6) induced by these two viruses was similar to that in the wtRSV-
stimulated cells. Comparative biomarker analysis of 89 inflammatory cytokines using the Olink proteomics platform
showed that MinAstab and MinLstab-stimulated cells cluster together with wtRSV-stimulated cells. Moreover, MinA
and MinL-stimulated cells cluster independently by principal-component analysis showing an overall decreased ac-
tivation response in comparison to the other viruses. Thus, despite their low viral protein expression, MinAstab and
MinLstab were similar to wtRSV in their ability to activate and induce maturation of human moDCs. This, in turn,
may prompt robust B and T cell responses and would explain the robust immunogenicity of these vaccine candidates
that is de-coupled with their level of replication. Further analysis of moDC activation by cellular indexing of tran-
scriptomes and epitopes by sequencing (CITE-Seq) is ongoing. MinLstab is currently being evaluated as a pediatric

live-attenuated intranasal vaccine for active immunization against RSV (NCT04919109).
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Abstract:

Antigenic drift, the gradual accumulation of amino acid substitutions in the influenza virus hemagglutinin (HA) re-
ceptor protein, enables viral immune evasion. Antibodies (Abs) specific for the drift-resistant HA stem region are
a promising universal influenza vaccine target. Although anti-stem Abs are not believed to block viral attachment,
here we show that complement component 1q (C1q), a 460-kilodalton protein with six Ab Fc-binding domains, confers
attachment inhibition to anti-stem Abs and enhances their fusion and neuraminidase inhibition. As a result, virus
neutralization activity in vitro is boosted up to 30-fold, and in vivo protection from influenza PR8 infection in mice
is enhanced. These effects reflect increased steric hindrance and not increased Ab avidity. Ciq greatly expands the
anti-stem Abviral escape repertoire to include residues throughout the HA, some of which cause antigenic alterations
in the globular region or modulate HA receptor avidity. We also show that C1q enhances the neutralization activity
of non-receptor binding domain anti-SARS-CoV-2 spike Abs, an effect dependent on spike density on the virion sur-

face. These findings demonstrate that C1q can greatly expand Ab function and thereby contribute to viral evolution
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and immune escape.
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Abstract:

Persistence of HIV proviral DNA in a latent but activatable chronic state, in both CD4" T-cells and myeloid cells, ne-
cessitates lifelong antiretroviral therapy (ART) for people living with HIV (PLWH). HIV-1 latency in various tissue
macrophage populations is associated with epigenetic changes at viral integration sites. We used established innate
immune training stimuli such as muramyl dipeptide (MDP; from the BCG vaccine), the fungal PAMP §-glucan, and
Syk kinase inhibitors recently reported by our group, to study the reactivation of HIV from latently infected cells. All 3
trained immunity stimuli activated transcription of HIV-1genes from THP89GFP monocytic latent HIV reporter cells.
To assess reactivation by the same training stimuli in ART-suppressed PLWH, we used a quantitative viral outgrowth
assay using PBMC-derived macrophages co-cultured with MT-4 cells (an expander cell line for HIV detection). Four
out of 17 patients had detectable counts of HIV from PBMC-derived macrophages and demonstrated reactivation
with all three training stimuli. We also found that trained macrophages in co-culture can directly induce reactivation
of HIV from 2D10 cells, a Jurkat T cell reporter line for latent HIV. This suggests a previously unidentified training-
induced crosstalk between macrophages and T cells. To further study this putative myeloid-lymphoid crosstalk, we
performed scRNA-seq and scATAC-seq in PBMCs of ART-suppressed PLWH. Strikingly, we were able to detect re-
activated HIV RNA in CD4 T cells only from patient samples treated with innate immune training stimuli. Using
the "cell chat’ software algorithm, we identified enhanced cell-to-cell ligand-receptor cross talk specifically between
trained myeloid cells and lymphoid cells that could conceivably underlie the observed reactivation of HIV from the
latently infected CD4 T cells. Training of myeloid cells in PBMCs of PLWH with SYKi IV, MDP and /3-glucan also led
to enhanced expression of many genes among the known pathways of CD4/CD8 T cell, NK cell and B cell activation.
This suggests that trained immunity of the PBMC myeloid compartment may not only lead to reactivation of latently
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infected CD4 T cells but may also trigger an enhanced CD8 T cell or NK cell-mediated elimination of the HIV reser-
voir. Our studies suggest that induction of trained innate immunity could be a viable approach to the reactivation of
latently infected HIV-1 from both CD4 T cells and myeloid cells, and that this strategy could be developed as a novel
therapeutic approach to facilitate elimination of latent HIV reservoirs.

This work was supported by the Intramural Research Program of NIAID, NIH and the Office of the AIDS Research
at NIH.

194



ABSTRACT Poster #123 - Monday

Keywords: Microbiome & Barrier Immunity

The homeostatic and antibacterial role of interferon lambda in the female repro-

ductive tract
- Presenter: Elisha Segrist
- Authors: Elisha Segrist (1), Irini Sereti (2), Yasmine Belkaid (3)
. Affiliation(s): (1) National Institute of General Medicinal Sciences
(2) National Institute of Allergy and Infectious Disease (3) Pasteur
Institute
Abstract:

The female reproductive tract (FRT) is a mucosal barrier responsible for pathogen defense and uniquely, reproduction.
The FRT detects environmental factors, including vaginal commensals and endogenous retroelements (EREs), but the
mechanisms by which they shape immunity and reproduction is largely unknown. In the skin, host sensing of EREs
leads to interferon signaling, that bridges innate and adaptive immunity. IFN-lambda (IFN-L) is an immunoregulator
specifically active at mucosal sites where it promotes barrier function. Indeed, using murine models, I discovered a
homeostatic role for IFN-L in constraining uterine immunity. Type 3 innate lymphoid cells (ILC3), a novel uterine
IFN-L-regulated cell, promote barrier function but, if unregulated, become pathogenic and harm the barrier. My
preliminary data revealed that IFN-L regulation of ILC3s is microbiota-dependent, suggesting that the microbiota
drives IFN-L expression in the uterus.

We previously found that the microbiota activates ERE expression which induces IFN signaling in the skin. The
microbiota also regulates ERE expression in the uterus, as I found that several myeloid populations have reduced ERE
protein expression in germ free mice. Endogenous retroelements (EREs) integrated into the mammalian genome
over millions of years and elements of their truncated lifecycle, like cDNA production, can be detected by the immune
system. Preliminarily, I found that inhibition of ERE cDNA production by reverse transcriptase inhibitors decreases
IFN sensing and, like IFN-L blockade, regulates ILC3 abundance in the uterus. These data suggest a pathway in which
the microbiota regulates ERE expression to modulate IFN-L expression and regulate uterine homeostatic immunity.

During pregnancy, vaginal commensals, like, S. agalactiae (GBS), can cause ascending infections that reach the

amniotic sac and can be transmitted to the infant during birth. Bacteria can induce IFN-L expression in the placenta,
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but the effect on infection is unknown. My preliminary data show that loss of IFN-L signaling during GBS infec-
tion increases placental damage and bacterial infection of maternal-fetal barriers. Additionally, administration of
recombinant IFN-L decreases bacterial burden in the placenta. This suggests that IFN-L plays an important role in
protecting maternal-fetal barriers from ascending bacterial infection.

In conclusion, I have found that IFN-Lis an essential homeostatic regulator and anti-bacterial agent in pregnancy.
Future work will define the role of ERE cDNA in driving IFN-L production and the mechanism by which IFN-L protects
against GBS infection in pregnancy. Overall, this study has identified the environmental inputs that promote IFN-L
activity as an essential uterine immunoregulator and uncovered a new antibacterial role of IFN-L in maternal-fetal
membranes.
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Abstract:

Several human lymphocyte subsets express the novel secretory IgA receptor FCRL3. Secretory IgA binding to FCRL3
diminishes the inhibitory capacity of regulatory T cells and promotes a Th17-like phenotype. Here we report that in
CD4™* regulatory T cells and CD8™ terminal effector T cells secretory IgA induced a shared inflammatory gene sig-
nature that included PTGS2 encoding COX2, and the prototypic inflammatory cytokine genes IL1A, IL1B, and IL8.
Secretory IgA in regulatory T cells also elevated gene transcripts required for lineage identity and function. Secretory
IgA promoted IL-153, IL-6, IL-8, IL-10, IFN-a?, and TNF-« protein secretion by both T cell types. Moreover, secretory
IgA promoted NLRP3 inflammasome activation in regulatory T cells. Pharmacologic COX2 and NLRP3 inhibitors
partially rescued the inhibitory competence of regulatory T cells, suggesting respective mechanistic roles. We pro-
pose that secretory IgA provokes a coordinated inflammatory response in regulatory and effector T cells to facilitate
mucosal pathogen clearance.
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Abstract:

Ulcerative colitis is a global health concern with a rising incidence, yet its underlying causes remain poorly defined.
Dysbiosis of the gut microbiome and immune dysfunction are recognized as major risk factors. However, conven-
tional laboratory mice are limited as preclinical models for ulcerative colitis due to their lack of a natural, complex
microbiota. To address this limitation, we utilized a colony of Wildling mice, whose C57BL/6Tac founders were re-
derived in wild mice and thus were colonized with the natural commensals and pathogens of wild mice. We previ-
ously demonstrated that wildling mice model human immune responses and disease outcomes better than conven-
tional laboratory mice. We observed that DSS-induced colitis was significantly more severe in wildling mice than
in standard laboratory mice of the same genetic background. During the onset of DSS-induced colitis, wildling
mice exhibited a greater increase in chemokines such as CCL2, CXCL5, CSF-1 and CSF-3 than conventional labora-
tory mice. Disease severity was reduced in CCR2-knockout wildling mice, and further decreased when these CCR2-
knockout wildling mice were treated with CSF-1 neutralizing antibodies or with antagonists against the CXCLs-
receptor CXCR2. The increased disease severity of wildling mice was also alleviated when immune cell migration was
inhibited using FTY720, thus suggesting that immune cell infiltration drives disease severity. Using multi-parameter
flow cytometry, we found increased numbers of myeloid cells and type 2 cytokine-producing cells in the large in-
testines of wildling mice on day 5 after colitis induction, compared to conventional laboratory mice. Wildling mice
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deficient in type 2 immune signaling pathways (IL-5, IL-33, and STAT6) had significantly reduced disease severity. To
identify the specific microbes and/or pathogens responsible for the enhanced colitis in wildling mice, we co-housed
conventional laboratory mice with wildling mice or transferred cecal microbiota from wildling mice to laboratory
mice. Both methods exacerbated DSS-induced colitis. Conversely, the offspring of laboratory mice, that had received
an antibiotic-modified gut microbiota from wildling mice, exhibited reduced myeloid cell numbers and reduced dis-
ease severity, indicating that specific gut bacteria drive the severity of colitis. Indeed, we observed a significant in-
crease in the severity of DSS-induced colitis when we gavaged Bacteroides vulgatusdx><the bacterial species most
significantly enriched in wildling miced<into the lab mice that had a modified wildling microbiota. In conclusion,
we demonstrate that wild-derived gut bacteria, and specifically Bacteroides vulgatus, significantly exacerbate colitis
in an immune-mediated manner. The use of wildling mice may facilitate the development of innovative therapeutic

strategies for treating ulcerative colitis in humans.
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Abstract:

Free-living mammals are colonized with complex microbiota, that have co-evolved with their hosts over eons of years
and are absent in conventional laboratory mice. The transfer of commensals and pathogens from wild mice to genet-
ically tractable laboratory mice has been shown to enhance modeling of human immune responses and to improve
preclinical models. In a prospective study we here assess the stability of microbiome and immunological phenotype
of the first C57Bl/6 mouse colony with natural microbiota (Wildling mice). The gut microbiota maintained its in-
creased ix;-diversity and richness over 5 years, and exhibited significantly greater stability than the standard labora-
tory mouse microbiota. The immune phenotype of the mice included an enlarged myeloid immune cell compartment
and enhanced maturation and function of natural killer, B and T cells that was transferrable via cross-fostering and co-
housing. Immunological readouts in two preclinical models remained stable throughout the follow up. Collectively,
the findings demonstrate the feasibility of maintaining laboratory mice with wild-derived microbiota as a sharable

resource for basic and preclinical immunological research.
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Abstract:

The relationship between commensal bacteria and the host is essential for host health and microbial colonization.
This interaction depends on molecular communication between microbe-associated molecular patterns (MAMPs)
from commensal bacteria and host pattern recognition receptors (PRRs). This communication helps maintain host
tissue homeostasis and enhances immune function. Commensal microbes from the genus Corynebacterium, such
as Corynebacterium mastitis (a skin and ocular colonizer), exhibit antimicrobial activity and trigger host defense re-
sponse, mainly through IL-17 responses from ~6 1= cells. However, the specific MAMPs of Corynebacterium and their
roles in host-commensal interplay are largely unexplored. Using Corynebacterium mastitidis (C. mast) as a model,
in conjunction with lipidomics and synthetic biology, we identified trehalose monocorynomycolates (TMCMs) as the
main MAMPs that induce IL-17A production in & I# cells in the presence of dendritic cells (DCs). Naked coryno-
mycolates and trehalose dicorynomycolates failed to elicit this response. A mutant strain of C. mast lacking coryno-
mycolates could not colonize the ocular surface, despite enhanced biofilm formation in vitro, underscoring a role for
corynomycolates in bacterial physiology. Antibody blockade experiments and DCs deficient in TLR2 or Mincle re-
vealed that these receptors on DCs recognize TMCMs, and subsequently program DCs to produce IL-1a, IL-1b, IL-6,
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which in turn drive IL-17A production in 4 1% cells. Experiments with genetically modified CD319 mutant mice and
IL-1receptor blockade studies indicated that 4 TCR signaling helps sustain the TMCM-mediated IL-17A response by
maintaining IL-1R expression on the IL-17A producing vd 1= cells, ensuring a robust and prolonged IL-17A produc-
tion. Importantly, ocular administration of synthetic TMCM(36:2) was sufficient to induce local IL-17 responses in
vivo and protect against P. aeruginosa corneal infection. These findings suggest that TMCMs could be developed to

treat infections of the ocular surface.
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Abstract:

Early life microbial colonization of newborns by the maternal microbiota is critical for the infants’ immune devel-
opment. Caesarean section (CS) birth is associated with increased risk of immune and metabolic diseases such as
asthma and obesity, hypothesized to be driven by different gut microbial communities harbored in infants delivered
by CS compared to vaginally delivered (VD) infants. Specifically, intestinal pioneering colonizers of CS infants re-
sembles a skin microbiome community rather than a vaginal-fecal microbial composition as observed in VD babies.
"Vaginal seeding’ (VS) that exposes the CS infant to their maternal vaginal fluid at birth to partially restore the micro-
bial transmission disrupted during CS is being explored as a intervention to confer potential health benefits. Employ-
ing fecal transplant of transitional stool (from day 2 of life), from CS, or CS born and vaginally seeded (CS+VS) babies
(obtained as part of a double-blinded randomized clinical trial), in germ-free mice, we have previously demonstrated
decreased intraabdominal adiposity in mice that received transplant from CS+VS babies. To begin to mechanistically
understand the benefits of VS and how the pioneering microbial colonizers influence host immune and metabolic
development we performed a functional comparison of the microbiota from CS, CS+VS and VD infants using gno-
tobiotic mouse models. To this end, transitional stool from multiple babies in each birth cohort was independently
orally inoculated into germ-free mice and immune milieu at various barrier sites was examined. In the small intes-
tine, we observed increased numbers of CD4™ T cell subsets including regulatory T cells in mice that received VD or
CS+VS stool in comparison to CS mice, whereas gd T cells were decreased in the VD group. Similarly, gd T cells were
decreased and RORgt+ regulatory T cells were increased in the lung of VD mice. In the skin, the most significant
finding was a decrease in the CD8™ T cells in both CS+VS and VD mice. The myeloid compartment of the lung and
skin, in comparison to the CS group, VD mice and to a lower extent CS+VS mice displayed significant increases in

macrophage, monocytes and dendritic cell populations. Overall, we observe distinct immune profiles in the CS and
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VD mice and demonstrate the ability of different microbial communities acquired by delivery mode to drive unique
immune signatures. Importantly, these findings in gnotobiotic mice reveal the potential of the microbiota acquired
via VS to partially restore immune modulation similar to that observed by VD microbiota. Studies are underway to

identify the primary microbial drivers of these differences and investigate potential consequences for host health.
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Abstract:

The placenta plays a key role in supporting fetal development; one of its functions is as an immune defense barrier
through antiviral cytokine secretion and transporting maternal IgG antibodies to protect the fetus. The question of
whether prescribed drugs, such as remdesivir (RDV), have adverse effects on placenta immunity was unknown. Here,
we investigated drug toxicity on placental immunity by evaluating IgG transport by using two in vitro human placental
barrier models, the transwell and microphysiological models.

We first utilized a transwell model to establish an in vitro placental barrier consisting human trophoblasts and en-
dothelial cells. This model was optimized by evaluating different culture parameters to obtain stable high resistance,
intact trophoblast and endothelial cell layers, with spontaneous formation of syncytiotrophoblasts. The placental bar-
rier in transwell was glucose permeable but heparin and dextran impermeable. We, then, evaluated the effects of dex-
amethasone (DEX), a known placental toxicant, and RDV, a drug of unknown toxicity to the placenta, on human IgG
transfer in the models. Our results demonstrated that DEX (10 AuM) reduced the IgG transport, compromising pla-
cental immunity, in contrast to RDV (1 AuM) which did not decrease human IgG transfer. Notably, the drug treatment
didn't change expression of IgG binding receptor, FCGRT, and Human chorionic gonadotrophin (HCG). Furthermore,
we enhanced the microfluidic model to demonstrate the formation of syncytiotrophoblast layers for further study of
placental immunity. In vivo, IgG transfer was reduced in the DEX group, but not in the RDV group. The in vitro IgG
transfer data were consistent with the results observed in vivo. Our in vitro model demonstrated that DEX at 10 AuM

compromised the placental barrier immunity by decreasing IgG transfer.
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Unraveling the role of Serum Amyloid A (SAA) proteins in oral mucosa pathology
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Abstract:

In the current study, we explore the role of Serum amyloid A (SAA) proteins in the pathogenesis of the prevalent oral
mucosal disease, periodontitis. In periodontitis, Th17 mediated inflammation has been shown to trigger mucosal im-
munopathology and destruction of underlying bone. While it is well established that disease- associated microbiota
trigger dysregulated inflammatory responses in periodontitis, the upstream host- mediators of Thi7 inflammation
are not well understood at this mucosal barrier. SAAs have been implicated in the induction of Th17 immunity in
the gut, particularly in response to specific microbiota, such as Segmented filamentous bacteria (SFB). SAAs belong
to the family of acute-phase response proteins, with SAA1, SAA2, and SAA3 produced in inflammatory conditions.
Additionally, retinoic acid (RA), a vitamin A metabolite, plays a critical role in the induction of SAA-dependent Th17
immunity. At the oral mucosa, we document a significant upregulation of SAAs both in experimental periodontitis
in mice and in patients with periodontal disease. In humans SAAs are highly expressed in the lining mucosal epithe-
lium surrounding the dentition and are particularly upregulated within the fibroblast compartment in patients with
severe/established disease. Mirroring human findings, in experimental periodontitis, SAAs are upregulated within
fibroblasts shortly after disease induction. Importantly, SAAs induction is dependent on the dysbiotic microbiome
of periodontitis, as treatment with broad-spectrum antibiotics significantly inhibits SAA induction in mice. Impor-
tantly, severity of experimental disease is significantly reduced in mice with a global deletion in SAA proteins and
non-hematopoietic-cell-derived SAAs mediates pathology in experimental periodontitis, suggesting a critical role in
disease pathogenesis. Current work is investigating oral microbiome- specific factors triggering SAA expression at
the oral barrier as well as mechanisms of SAA-mediated mediated inflammation in periodontitis. We anticipate that
the findings from this study will contribute to our understanding of the pathophysiological mechanisms related to

periodontitis and provide insights into therapeutic targeting for a common human disease.
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Abstract:

IgA, the most abundant antibody isotype produced in the body, is generated by plasma cells that reside in the lamina
propria (LP) of the gut. IgA is principally induced in Peyer’s Patches (PP) and is critical for maintaining homeostasis
with commensal microbiota in the gut and defense against enteric pathogens. IgA can be induced via both T cell-
independent and T cell-dependent routes. T cell-dependent IgA production can be further subdivided into germinal
center (GC)-independent and GC-dependent sources. Within the GC, IgA can affinity mature, and this process is
thought to be critical for the ability of IgA to maintain homeostasis with gut commensals and for host defense. How-
ever, the extent to which IgA™ plasma cells are GC derived at steady state is not clear. Here, we have used a fate
mapping approach to track the frequency of IgA plasma cells derived from PP GCs. We used a GC-specific tamoxifen
inducible € system (S1pr2-cre-ERT2) to quantify GC-derived IgA™ PC in the small intestinal LP. We found that up to
half of the IgA™ plasma cells in the LP were derived from the GC at 8 weeks post tamoxifen treatment in adult mice.
The PP GC can also generate memory B cells and we found, similarly to PCs, that up to half of IgA* memory B cells
were derived from the GC. Interestingly, while the post-weaning window showed maximum output of IgA* PC from
the GC, the capacity of PP GCs to generate IgA™ PCs steadily decreased with age, such that elderly mice showed a
compromised ability to generate GC-derived PCs. Additionally, depleting the existing plasma cell pool prior to GC
fate mapping in geriatric mice did not rescue the ability of the GC to produce IgA™ PC. Instead, IgA™ PCs in geriatric
mice were largely derived from IgA™ memory B cells many of which were GC-derived. Our study suggests that at
steady state, in adult mice, PP GCs contribute to up to half of the IgA™ PCs and IgA™ memory B cells. With age, how-
ever, IgA™ PCs are increasingly derived from IgA* memory B cells many of which are GC-derived. These data shed
light on how chronic germinal center responses in the gut contribute to IgA production that is required to achieve

homeostasis with commensal microbiota.
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Abstract:

Psoriasis is a chronic proliferative and inflammatory condition of the skin that affects 2-3% of the worldwide popu-
lation. It is characterized by a dysregulation of the IL-23/IL-17 cytokine axis with keratinocytes hyper-proliferation
and impaired maturation. Current treatments focus on alleviating the symptoms by blocking IL-17 production or
its producers, but still 20% of the patients do not respond to these therapies. TGF-b is a multifunctional cytokine
present in the body in 3 isoforms (TGF-b1,2 and 3). These have been reported to be fundamental for skin development
during organogenesis and additional findings report about their role in driving cell localization in the skin as well
as involvement in tissue repair. Though, little is known about their immunological role during psoriasis. Gene ex-
pression analysis of TGF-b isoforms in sorted cells from control and imiquimod-treated mice identified TCR~d cells,
fibroblasts and keratinocytes as the major TGF-b sources in the skin. Given their heightened TGF-b production and
involvement in the pathogenesis of psoriasis, we generated TGF-Arif/f TCRb®™® ERT2 mice and treated them with
imiquimod. After seven days of treatment, TCRJ cells from KO mice increased their IL-17 production resulting in
heightened psoriatic disease and skin thickness. For the future, we are planning to define the exact mechanisms by
which TGF-b achieves this effect and we would like to further apply this knowledge to other IL-17-related skin dis-

eases.
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Myeloid Notch2 deficiency results in altered intestinal barrier immunity and
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Abstract:

Myeloid cells, including conventional dendritic cells (cDCs) and macrophages, are key responders at epithelial bar-
riers, regulating immunity to microbial pathogens and commensals. Equipped with innate receptors, DCs and
macrophages sample and monitor the environment, maintaining homeostasis. Upon detection of danger signals
these cells become activated, secrete inflammatory cytokines, and promote T cell activation. How myeloid cells at
barrier tissues control the balance between tolerance and immunity is still unclear. Conditional Notch2 deficiency
within CD11c expressing cells (Notch2cKO) impairs the development of an ESAM expressing subset of type 2 dendritic
cells (ESAM+cDC2), that was linked to a defective TH17 response and increased susceptibility to C. rodentium, as pre-
viously shown. In the Notch2cKO mice, we identified functional defects within the remaining cDCs and macrophage
subsets across multiple tissues that may be contributing to the observed compromised barrier function. The lack of
Notch2 within the myeloid compartment was accompanied by intestinal dysbiosis, increased CFUs, and low-grade
inflammation. The dysbiosis led to increased susceptibility to DSS-induced colitis in Notch2 deficient mice. This
microbial imbalance was characterized by the presence of specific bacterial species that could be transferred to and
eventually remodel the microbiome of healthy mice upon co-housing. These results suggest that expression of Notch2
in either one or more myeloid subsets is responsible for the maintenance of a healthy commensal community or that
they control immunity to specific opportunistic pathogens. Among the dysregulated pathways identified through
single cell transcriptomics of Notch2cKO ¢DCs, we focused our attention on innate immune mechanisms and have
found several candidate genes that may play a fundamental role in regulating myeloid-microbe interaction. Collec-
tively, we hypothesize that Notchz deficiency alters the functional properties of intestinal cDCs and macrophages, ul-
timately leading to dysbiosis and low-grade inflammation. Myeloid cells, including conventional dendritic cells (cDCs)
and macrophages, are key responders at epithelial barriers, regulating immunity to microbial pathogens and com-
mensals. Equipped with innate receptors, DCs and macrophages sample and monitor the environment, maintaining

homeostasis. Upon detection of danger signals these cells become activated, secrete inflammatory cytokines, and
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promote T cell activation. How myeloid cells at barrier tissues control the balance between tolerance and immunity
is still unclear. Conditional Notch2 deficiency within CD11ic expressing cells (Notch2cKO) impairs the development
of an ESAM expressing subset of type 2 dendritic cells (ESAM+cDC2), that was linked to a defective TH17 response
and increased susceptibility to C. rodentium, as previously shown. In the Notch2cKO mice, we identified functional
defects within the remaining ¢cDCs and macrophage subsets across multiple tissues that may be contributing to the
observed compromised barrier function. The lack of Notch2 within the myeloid compartment was accompanied by
intestinal dysbiosis, increased CFUs, and low-grade inflammation. The dysbiosis led to increased susceptibility to
DSS-induced colitis in Notch2 deficient mice. This microbial imbalance was characterized by the presence of spe-
cific bacterial species that could be transferred to and eventually remodel the microbiome of healthy mice upon co-
housing. These results suggest that expression of Notchz in either one or more myeloid subsets is responsible for the
maintenance of a healthy commensal community or that they control immunity to specific opportunistic pathogens.
Among the dysregulated pathways identified through single cell transcriptomics of Notch2cKO ¢DCs, we focused our
attention on innate immune mechanisms and have found several candidate genes that may play a fundamental role
in regulating myeloid-microbe interaction. Collectively, we hypothesize that Notch2 deficiency alters the functional

properties of intestinal cDCs and macrophages, ultimately leading to dysbiosis and low-grade inflammation.
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eases
Abstract:

Peripheral sensory neurons and commensals have been separately shown to modulate immune responses in an ar-
ray of infection settings. In the gastrointestinal tract, sensory neuronal innervations are in close proximity with a
vast number of commensals and potentially exposed to many commensal-derived bioactive molecules, raising the
question of whether communication between commensals and sensory neurons play a role in the modulation of or-
ganismal physiology and host immunity. We study how commensals might communicate with vagal sensory neurons,
one of the principle peripheral sensory systems, to regulate inflammatory response.

We found that oral gavage of short-chain fatty acids (SCFAs), a major byproduct of microbiota metabolism, pro-
duces a heightened anti-inflammatory response to LPS. We also found that intragastric infusion of SCFAs robustly
activated a selective group of vagal sensory neurons expressing transient potential receptor ankyrin 1 (TRPA1). Inde-
pendent chemogenetic activation of these neurons amplified anti-inflammatory response to LPS, although it addi-
tionally led to a diminished pro-inflammatory state. Consistent with these neurons being poised to receive commen-
sal derived signals, these neurons were traced to project to the gastrointestinal tract.

To investigate the potential role of broad commensal-to-vagal signaling in regulating this immune response, we
ablated peripheral sensory neurons by targeting the diphtheria toxin receptor (DTR) to the sodium voltage-gated ion
channel 1.8 (Nav1.8) expressing neuronal population which encompass a large majority of vagal sensory neurons. We
hypothesized that, if SCFAs were communicating through this broad sensory neuron population to modulate inflam-
mation, the effects would be reduced following ablation. Congruent with our expectations, mice with ablated Nav1.8

neurons had attenuated effects of SCFAs compared to mice with intact Nav1.8 population. This gives credence to our
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current working model whereby gut-residing commensals hinge on SCFA signaling to vagal neurons to modulate in-
flammation. We will be using genetically guided imaging and perturbative tools to uncover selective vagal populations
mediating SCFA-evoked immune modulation.
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Abstract:

The Toll-like receptor (TLR) signaling pathway is important for the innate immune response. TLR ligand variation
(e.g., of lipopolysaccharide (LPS) structure and concentration) and innate immune memory are known to affect TLR
signaling dynamics. Tight regulation is essential to avoid dysregulated inflammation while ensuring efficient im-
mune responses to pathogens, and its failure may lead to pathologies such as sepsis. In this project, experimental and
computational techniques are being integrated to generate a strongly data-driven model of the mouse macrophage
TLR4 pathway.

To avoid model oversimplification and overfitting, we have quantitated as many model parameters as possible
using experimental measurements or estimation. We used targeted mass spectrometry (LC-MS) to measure 54 TLR4
pathway protein absolute abundances (copies/cell). Abundance changes in response to LPS stimulation were observed
(e.g., phosphorylated ERK1 increased from 30,000 to 250,000 copies/cell). The protein abundances moderately corre-
lated with RNA-seq transcript abundance values (r = 0.70, log-log scale), and a linear regression was used to estimate
protein abundance values that we were unable to measure using LC-MS.

Protein-protein interaction values (k_on, k_off, k_trans, K_D, K_M, and k_cat) were retrieved from the literature
(19, 24, 22, 48, 32, 33 non-redundant values, respectively). AlphaFold-Multimer was used to predict protein complex
structures, and TransComp was used to perform molecular simulations to estimate 151 association rate (k_on) values.
To estimate the accuracy of these k_on predictions, a diverse dataset of 27 k_on standards (experimentally measured,
from the literature) was analyzed using AlphaFold and TransComp, and the measured and predicted values were found
to be correlated (r = 0.75, log-log scale).
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Simmune is being used to perform rule-based model simulations. The parameter space is being explored locally
if possible or globally if necessary to perform model training, testing, and validation. An experimental dataset con-
sisting of 2,016 (phospho)protein abundance ratios was compiled from phosphoproteomics and immunoassays of
LPS stimulated macrophages from our laboratory or from published datasets. Preliminary training of a subpathway
(29 molecules, 169 reactions) using thousands of simulations has been performed. This work was supported by the
Division of Intramural Research, NIAID, NIH.
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Abstract:

T cell receptor signaling must operate reliably under tight time constraints. While assuming quite different mecha-
nisms, two prominent models of T cell receptor activation, kinetic segregation and kinetic proofreading, both intro-
duce a distinct time scale. However, a clear understanding of whether and how those characteristic times give rise
to a consistent timing of T cell receptor activation in the presence of stochastic fluctuations has been lacking so far.
Here, using a simulation approach capable of modeling molecular interactions between adjacent cell membranes, we
explore a stochastic model that combines elements of kinetic segregation and proofreading. Our simulations suggest
that the two mechanisms interoperate, thereby rendering the corresponding stochastic times biologically functional.
Receptor activation relies on rare molecular events that are not well characterized by the mean of the underlying
probability density function. Yet, a consistent timing of receptor activation can be ensured by a modest number of
proofreading steps.
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Abstract:

Macrophages are some of the first cells to encounter infectious pathogens. Upon pathogen recognition through re-
ceptors on the macrophage surface, a cascade of gene activation is triggered, resulting in the production of cytokines
thatinitiate an inflammatory response. Interleukin 12 (IL-12) stands out as a key pro-inflammatory cytokine produced
by activated macrophages. Within the IL-12 cytokine family, both IL-12 and IL-23 are critical mediators that serve as
bridges between innate and adaptive immune responses. M1-like macrophages produce IL-12 and IL-23, which share
the p4o subunit encoded by the Il12b gene. The transcriptional regulation of Il12b is primarily controlled by the NF-xB
transcription factor family, which includes RelA, RelB, c-Rel, p50, and ps2, capable of forming a variety of homo- and
hetero-dimer complexes. Among these, c-Rel and RelA are particularly significant in the regulation of Ilizb. Early
studies have highlighted the essential role of c-Rel in Il12b gene regulation, suggesting its greater importance com-
pared to RelA in the induction of Il12b. However, the mechanisms governing c-Rel’s involvement and its relative im-
pact on Il12b regulation remain unclear. Investigating the binding patterns of c-Rel- and RelA-containing dimers at
potential enhancer regions near the Il12b gene could provide valuable insights into the functional role of c-Rel in this
process. Given the challenges associated with direct experimental assays, we propose a computational modeling ap-
proach to investigate Il12b gene regulation. This model integrates the dynamics of c-Rel- and RelA-containing dimers
at both proximal and distal enhancer regions. By simulating various knockout scenariosix<such as the deletion of
c-Rel, RelA, or specific enhancer elementsdx<our approach provides valuable insights into the complex regulatory
mechanisms governing Il12b expression. To further explore the functional roles of putative NF-xB-bound enhancers,
we extend the "Activity by Contact” (ABC) framework into a "Regulation by Contact” (RBC) model. The RBC model
effectively assesses the contact frequency between enhancer-promoter pairs and the NF-xB occupancy strength, al-
lowing us to estimate the contribution of individual enhancers to Ili2b regulation. This predictive tool helps identify

key enhancers involved in IL12b expression and offers a novel approach for probing unexplored experimental avenues.
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Ultimately, this integrated model advances our understanding of the regulatory control of Il12b and opens new direc-

tions for future research.
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Abstract:

Chimeric Antigen Receptor (CAR) T-cell immunotherapy represents a breakthrough in the treatment of hematologi-
cal malignancies, but poor specificity has limited its applicability to solid tumors. In contrast, natural T-cells harbor-
ing T-cell receptors (TCRs) can discriminate between neoantigen-expressing cancer cells and self-antigen express-
ing healthy tissues, but have limited potency against tumors. We used a high-throughput platform to systematically
evaluate the impact of co-expressing a TCR and CAR on the same CAR T-cell. While strong TCR-antigen interac-
tions enhanced CAR activation, weak TCR-antigen interactions actively antagonized their activation. Mathematical
modeling captured this TCR-CAR crosstalk in CAR T-cells, allowing us to engineer dual TCR/CAR T-cells targeting
neoantigens (HHAT!F /ps3R7sH) and HER2 ligands, respectively. These T-cells exhibited superior anti-cancer activity
and minimal toxicity against healthy tissue compared to conventional CAR T-cells in a humanized solid tumor mouse
model. Harnessing pre-existing inhibitory crosstalk between receptors therefore paves the way for the design of more
precise cancer immunotherapies.
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Abstract:

Objectives: Sjogren’s Disease (SjD) is a systemic autoimmune disease characterized by dysfunctional lacrimal and
salivary glands (SG), inflammation of the exocrine organs, and systemic manifestations. There is no effective therapy
or approved treatments. Despite unclear pathogenic mechanisms, dysregulated Type-I interferon (IFN) signaling is
common in SjD patients’ tissues. Aberrant cGAS-STING pathway signaling is found in systemic lupus patients, a re-
lated autoimmune disease. We aimed to better understand the upstream pathogenetic drivers of Type-I IFN in SjD fo-
cusing on cGAS-STING pathway hypothesized activated cGAS-STING pathway in SjD contributing to both local/sys-
temic symptoms and IFNs dysregulation. Methods: Minor salivary gland (MSG) and peripheral blood mononuclear
cells (PBMCs) were obtained from healthy (HV) subjects and SjD patients meeting 2016 American College of Rheuma-
tology SjD classification criteria. "Bulk’ and single cell (sc) RNA sequencing (RNAseq) were analyzed from MSGs and
PBMCs. Basal and STING agonist-stimulated intracellular phosphorylated protein levels in MSG and PBMC were
measured using conventional and spectral flow cytometry. Ex vivo culture assays on PBMCs and primary salivary
gland epithelial cells (pSGEC) from HV and SjD were performed to model changes in target tissues after cGAS-STING
agonism/antagonism using proteomic and transcriptomic approaches. Results: Building on our prior work, bulk and
scRNAseq, immunofluorescent microscopy, and conventional flow cytometry of MSG showed higher IFN scores in
epithelial/inflammatory cells, increased STING expression and phosphorylation (p), and phosphorylation of down-
stream signaling molecules (e.g., pTBK1, pIRF3) in §jD. Using dissociated MSG biopsies, conventional flow cytometry
showed phosphorylated STING pathway proteins were elevated in SjD and these levels were directly correlated with
immune cells infiltration, suggesting inflammatory infiltrates in MSG could be mechanistically involved in patholog-
ical STING activation. 35-color spectral flow cytometry of PBMC demonstrated basal levels of cGAS-STING related
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total-and phosphorylated-proteins were upregulated in SjD. We confirmed H-151, a commercially available STING
antagonist, reduced phosphorylated-protein levels without cytotoxicity in MSG and PBMC. Conclusion: These find-
ings support our hypothesis that the cGAS-STING pathway is activated in SjD, contributing to local and systemic
symptoms through IFN dysregulation. Targeting the cGAS-STING pathway holds promise for mitigating exocrine
and systemic inflammation in SjD, potentially mitigating the secondary effects of chronic inflammation and result-
ing tissue destruction.
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Abstract:

Double-stranded DNA (dsDNA) is a damage-associated molecular pattern (DAMP) that can activate the immune sys-
tem. During injury or infection, dsDNA is passively released by necrotic bodies and actively released by neutrophil
extracellular traps (NETS). Its clearance occurs through the action of enzymatic DNases, including those in the DNase1
family, of which DNASE1, DNASE1L2, and DNASE1L3 are secreted and have been shown to digest extracellular DNA.
Another subtype is DNASE1L1, which has been found to be expressed in monocytes, macrophages, and activated neu-
trophils. DNASE1L1 is unique due to the presence of a glycosylphosphatidylinositol (GPI) anchor, which binds it to
lipid surfaces, including those found in the endoplasmic reticulum (ER), endosomal vesicles, and cell surface. This
may enable DNASE1LI to be targeted to sites of local inflammation, where it may digest dsDNA and prevent immune
dysregulation. Although GWAS studies have associated DNASE1L1 with various inflammatory and autoimmune con-
ditions, its function in resolving inflammation remains unexplored. Because DNASE1L1 is highly expressed by several
myeloid subsets as compared to other cell types, and myeloid cells have been shown to play a role in the degrada-
tion of dsDNA, we hypothesize that DNASE1L1 expression by myeloid cells is critical for their clearance of dsDNA.
Through the generation of a reporter mouse, we aim to understanding how DNASE1L1 acts within specific immune
subsets across tissues. Additionally, by developing a conditional DNASE1L1 KO mouse, we aim to investigate the role

of DNASE1L1in maintaining tissue homeostasis, resolving inflammation, and preventing the onset of autoimmunity.
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Abstract:

Exhausted effector CD8™ T cells are activated continuously in tumors, chronic infections, and autoimmune diseases.
These T cells are often terminally differentiated to a state of exhaustion and have increased expression of inhibitors
on the cell surface including programmed cell death protein 1 (PD-1) and T-cell immunoglobulin domain and mucin
domain-3 (TIM-3), which contribute to a dysfunctional immune response. Currently, exhausted T cells are being ex-
plored as a therapeutic target for treating cancer and chronic infections by OreversingO the exhaustion to restore
proper immune function. The role of these cells is less well understood in autoimmune diseases, but they are also con-
sidered a potential target for treatment. In chronic graft-versus-host disease (cGVHD), alloreactive T-cells from the
donor graft target host tissues, causing inflammation and fibrosis in affected tissues following allogeneic hematopoi-
etic stem cell transplant. We propose that exhausted T cells are present and contribute to GVHD-associated damage
in patients with oral cGVHD. Using single-cell RNA sequencing (scRNAseq) analysis we identified and confirmed an
increased presence of exhausted CD8™ T cells (CD8TTIM3™) in the labial minor salivary glands of oral cGVHD pa-
tients. Despite their exhausted phenotype, these cells expressed cytotoxicity-associated genes, including granzyme B
(GZMB), perforin1(PRF1), and interferon gamma (IFN-7), suggesting their potential involvement in sustaining tissue
damage. Parallel studies in a murine minor antigen mismatch model of cGVHD demonstrated a transient increase in
terminally differentiated CD8™ T cells (CD3TCD8 T KLRG1TCDi127~) within the submandibular salivary gland of allo-
geneic mice at early time points post-transplant (days 14 and 21) compared to syngeneic controls. These cells exhibited
elevated intracellular expression of IFN-+, further supporting their cytotoxic potential. These findings suggest that
T cell exhaustion is a feature of oral cGVHD and raise the possibility that exhausted CD8™ T cells contribute to tissue
damage in this condition. Future studies will focus on determining whether these cells actively mediate cGVHD-
associated tissue damage and identifying potential thresholds of cytotoxicity that drive this pathology.
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Abstract:

Sjogremn’s Disease (SjD) is a systemic autoimmune disease affecting a complex organ without a clear etiology or effec-
tive therapy. Utilizing single-cell and spatial transcriptomics to analyze human minor salivary glands from patients
and controls, we developed a comprehensive understanding of the cellular landscape of healthy salivary glands and
how that landscape changes in SjD patients’ salivary glands. We identified novel acinar cell types including the popu-
lation of PRR4+CST3+WFDC2- seromucous acinar cells that differentially lost in SjD disease. We also found that the
glands across the continuum of SjD exhibited unique architectural changes and show that even with low immune in-
filtration, SjD had distinct epithelial re-organization and pathological effects beyond adjacency to immune infiltrates
characteristic of disease. Notably, GZMK+CD8™ T cells, which increase with disease severity, exhibit a cytotoxic tran-
scriptional phenotype and were spatially associated with immune-engaged epithelial cells. We confirmed that GZMK
activates interferon signaling via triggering nucleic acid sensing (e.g., STING/RIG-I) in vitro and in autologous co-
culture experiments of patient T and epithelial cells. This study explores the complex interplay of varied cell types in
the salivary glands and their role in the pathology of Sjogrern’s Disease.
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Abstract:

Background: Eosinophilic gastrointestinal diseases (EGIDs) are associated with increased numbers of eosinophils
and mast cells infiltrating the gastrointestinal tract. While effective treatment may result in histologic remission
of gastrointestinal (GI) inflammation, symptoms may persist in some patients. Type II inflammatory conditions in
other contexts demonstrate increased sensory nerve density with links to eosinophil and mast cell involvement of
neuropathic pain, but this has not been examined in EGIDs. To assess gastrointestinal nerve remodeling and inter-
actions with eosinophils and mast cells, we developed a protocol utilizing the Clearing-enhanced 3D (Ce3D) tissue
clearing method. This protocol enables high-resolution evaluation of nerve density and architecture, as well as the
spatial relationships between nerves, eosinophils and mast cells, in whole mount GI biopsy samples.
Methods/Results: Human stomach antrum tissue samples collected from endoscopic biopsies were fixed, dehy-
drated and frozen for storage at -80C. After thawing, washing, with phosphate-buffered saline (PBS), blocking with
human Fec Block and permeabilizing the tissue samples, GI nerves were labeled with primary antibodies for the pan
neuronal marker, Protein Gene Product 9.5 (PGP9.5, Invitrogen) and sensory neurons with substance P (BD Pharmin-
gen), followed by secondary antibodies AF555 and AF647, respectively (Invitrogen). Eosinophils, mast cells, and ep-
ithelial cells were labeled with conjugated antibodies targeting eosinophil peroxidase (EPX) AF488 (Mayo Clinic), mast
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cell tryptase AF790 (Biolegend), and pan cytokeratin AF594 (Biolegend), respectively. Prior protocoliterations required
up to 28 days of tissue processing and staining before images could be acquired. To reduce the protocol duration,
staining was performed using a vacuum chamber in a tissue processing microwave (PELCO BioWave A® Pro) to ac-
celerate antibody penetration reducing the overall protocol to 10 days. Following staining, tissues were post-fixed,
cleared with Ce3D, and mounted. Images were acquired using a Leica SP8 inverted 5 channel confocal microscope and
20X objective and images were analyzed using Imaris software to generate nerve filaments and cellular surface mod-
els for quantitative analyses based on cellular and neuronal positions within the tissue. Nerve length, nerve branch
points, EPX and tryptase positive voxels were quantified. Sensory nerves were identified by colocalization of sub-
stance P and PGP9.5 signals. To examine nerve/cell interactions, we measured the distance between eosinophils and
mast cells and calculated the length between the two cell types and sensory neurons.

Conclusions: We established a Ce3D whole mount tissue staining method to characterize nerve architecture as
well as eosinophil and mast cell interactions in human GI biopsies. This highly specific and robust method enables
high resolution and volumetric analyses within 10 days. This protocol can be modified to assess other spatial interac-
tions in human GI mucosal biopsies and could be translated to other mucosal tissue samples.

Grant Support: This work was funded by the Department of Intramural Research of the National Institute of Al-

lergy and Infectious Diseases.
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Abstract:

As the first line of defense against invading pathogens, the innate immune system culminates in memory adaptive
immunity over time. Host pattern recognition receptors (PRRs) recognize pathogen-associated molecular patterns
(PAMPs) to elicit a cascade of innate signaling mechanisms. Toll-like receptors (TLRs) are a highly conserved class of
PRRs. Recognition of viability-associated PAMPs (vita-PAMPs) by TLRs allows host innate-immune cells to differenti-
ate between whole viable and non-viable pathogens. Vita-PAMP detection elicits robust adaptive immunity indepen-
dent of virulence factors, making it an ideal alternative to live vaccines. The signaling crosstalk between TLR/PRR and
(vita-)PAMPs at the sub-organellar level is not sufficiently explored. A research question detailing intra-organellar lo-
calization of the signaling matrix will provide a perspective on how signals integrate in response to multiple/complex
stimuli. Moreover, such data would be valuable for developing computational models for predicting cellular responses
tomultiple stimulus/vita-PAMPs. Studying signaling mechanisms at the cellular spatial-temporallevel will ultimately
aid in developing practical yet safe alternatives to live vaccines. We hypothesize that definite spatiotemporal pro-
teomics landscapes reflecting the activation of distinct cellular signaling networks and the protein translocation at
the organellar level will be observed upon stimulation of TLRs with respective ligands. The study framework com-
prises untargeted and targeted quantitative MS-based spatiotemporal analysis approaches for activation of TLR 4,
TLRs, TLR7/8, and TLR2 pathway by a combination of PAMPs/Vita-PAMPs (LPS, Flagellin, R848, and Pam3CSK4 ag-
onist) in U937 cell macrophages to study the proteomic profile changes at nine distinct subcellular compartments.
Differences between the spatiotemporal proteomic profiles of viable and non-viable pathogens will further provide

information on the role of vita-PAMPS in the innate immune response. Changes in spatiotemporal patterns against
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complex stimuli would then be used to train machine learning algorithms for computational modeling innate im-

mune cell responses to diverse pathogen and vaccine candidates.

228



ABSTRACT Poster #7 - Tuesday

Keywords: Allergy & Autoimmune Diseases

LRRK2 Kinase Function Regulates NLRC4 Inflammasome Activity and Thereby

Modulates Intestinal Inflammation

« Presenter: Sharmina Deloer

- Authors: Sharmina Deloer(1), Ivan Fussi, Portia Gough(2), Chalada
Suebsuwong(3), Kunal Kumar(3), Inga Peter(4), Robert ] Devita(3),
Warren Strober(1)

. Affiliation(s): (1)Mucosal Immunology Section, Laboratory of Clin-
ical Immunology and Microbiology, National Institute of Allergy,
and Infectious Disease (NIAID), NIH, Bethesda, Maryland, USA.
(2)Host Microbe Symbiosis Unit, Laboratory of Clinical Immunol-
ogy and Microbiology, Division of Intramural Research, NIAID,
NIH (3)Department of Pharmacological Sciences, Drug Discovery
Institute, Icahn School of Medicine at Mount Sinai, New York, NY
10029, USA. (4)Department of Genetics and Genomic Sciences, Ic-
ahn School of Medicine at Mount Sinai, New York, NY 10029, USA.

Abstract:

The LRRK2 (Leucine-rich repeat kinase 2) gene bears gain of function polymorphisms or mutations associated with
increased risk of IBD and/or Parkinson’s disease. It encodes a multidomain protein that interacts with and influ-
ences the function of several intra-cellular proteins, including those regulating immune responses. One such inter-
action involves its binding to and phosphorylation of NLRC4, the key component of the NLRC4 inflammasome. We
set out to define how this affects NLRC4 inflammasome function. In initial in vitro studies we found that inhibitors of
LRRK2 kinase activity completely inhibit both its binding to NLRC4 and the latter’s phosphorylation upon activation
of the NLRC4 inflammasome with purified needle protein, thus establishing that LRRK2 has an indispensable role
in NLRC4 phosphorylation. In further studies using THP-1 cells with ASC deletion or human PBMC-derived den-
dritic cells with efficient sShRNA ASC-knock-down we showed that ASC deficiency retards NLRC4 phosphorylation
and that inhibition of NLRC4 phosphorylation prevents ASC oligomerization; thus, while phosphorylation requires
NLRC4 by association with ASC, lack of phosphorylation inhibits ASC function. Finally, we found that activation of
the NLRC4 inflammasome by either needle protein or live Salmonella organisms when its phosphorylation is blocked
by LRRK2 inhibitor leads to reduced IL-1ix¢ cleavage and expression, but, surprisingly, preserved IL-18 cleavage and
expression. This indicates that full IL-1iX¢ expression requires ASC-caspase binding whereas IL-18 expression does
not and the latter is most likely due to NLRC4/CARD domain-dependent caspase cleavage. In accompanying in vivo
studies, we found that systemic administration of an NLRC4 inflammasome activator (flagellin protein) caused in-
creased intestinal permeability that was reversed by co-administration of LRRK2 inhibitor. This shows that inhibition
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of inflammasome production of IL-1iX¢ coupled with the preservation of production of IL-18 via LRRK2 inhibition in
intestinal dendritic cells blocks the potentially harmful effects of NLRC4 inflammasome activation on intestinal per-

meability during intestinal inflammation.
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Abstract:

Thi-like Th17 cells that produce both interleukin-17 (IL-17) and interferon-gamma (IFN-o?) have emerged as the key
pathogenic cell population in CNS autoimmune disorders, including multiple sclerosis and uveitic diseases. However,
how conventional Th17 cells decide to produce IFN-a? under these conditions remains largely unknown. To under-
stand the underlying molecular mechanisms that contribute to the conversion of non-Thi-like to Thi-like states of Th17

cells, we analyzed IFN-a’-producing and non-IFN-a?-producing Thi7 cell subpopulations from eyes in experimental
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autoimmune uveitis (EAU) by scRNA-seq and scATAC-seq, using dual reporter mice that express an IFN-a? expres-
sion reporter and an IL-17 lineage tracer. Our preliminary data revealed that IFN-o? is co-upregulated with other
immune-related genes as well as several neuronal genes in Thi7 cells in EAU, and Neurogranin (Ng) is one of them.
Ng is a well-known calmodulin (CaM)-binding protein that regulates calcium signaling in neurons. Post-synaptic Ng
expression has been shown to play a critical role in modulating synaptic plasticity, while the role of Ng in T cells is
unclear. To understand whether Ng contributes to T cell regulation in CNS autoimmune disorders, we generated a
Ng knockout mouse using a CRISPR-Cas9 strategy. Our preliminary data demonstrated an accelerated disease pro-
gression in the Ng knockout mice both in EAU and in experimental autoimmune encephalitis (EAE) murine models,
in line with increased IFN-a? production. Therefore, we propose that the expression of the "neuronal” protein Ng in
Thi-like Th17 cells may act as a "dimmera” to harness neuroinflammation in CNS autoimmune disorders. Notably,
Thi-like Th17 cells in spleens do not up-regulate Ng as they do in eyes, suggesting that Ng expression is regulated by
signals within the CNS microenvironment. Our study highlights the importance of neuronal-immune crosstalk in

tissue in the development of autoimmune uveitis and encephalitis.
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Abstract:

Hookworms are known to induce large-scale immunomodulatory changes, in part due to their size and migration
through tissue. While the polarized immune profiles during helminth infection in C57BL/6 (type 1) and BALB/c (type
2) mice are well characterized, less is known about the state of the lung following clearance of infection. We infected
male and female BALB/c, C57BL/6, and B10.BR mice with Nippostrongylus brasiliensis and analyzed their lungs and
bone marrow 28 days after naturally clearing infection using flow cytometry, histopathology, and ELISA. Our results
show that all mice displayed a remodeled lung with elevated eosinophils, Ly6G+ macrophages, and tissue CD8" T
cells. However, BALB/c mice exhibited a distinct immune cell profile and more pronounced emphysema compared
to C57BL/6 and B10.BR mice, independent of sex. In the bone marrow, BALB/c mice had fewer overall hematopoietic
stem cells (HSCs) but a higher proportion of long-term HSCs, along with baseline eosinophil levels. These findings
suggest a tissue-specific immune response in BALB/c mice that is not observed in the other strains, indicating that
the type 2 immune response may be specific to the acute phase of infection. This work expands our characterization
of the response to and following N. brasiliensis infection. It can provide insights that influence future research on

immune modulation, especially in co-infections with migratory helminths or helminth-based therapeutics.
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Abstract:

Atherosclerosis is a multifaceted disease that activates many branches of the immune system. During the course of
the disease, a systemic antibody response is initiated, which has both positive and negative consequences for disease
progression. Current models present IgM as protective and IgG as inflammatory, but few have ventured deeper to
identify the antibodies being generated during the response. In this study, murine atherosclerosis-associated germi-
nal center (GC) B cell repertoires were analyzed, and several overrepresented V gene segments utilized by B cells on
the aorta were identified. Single-cell analysis of the aortic GC B cells revealed heavy mutation and selection of their
respective antibodies. Antigen identification of these antibodies showed reactivity to various self-proteins, many of
which showed expression within the diseased tissue. Measurement of serum antibodies by ELISA against these self-
proteins highlighted 7 antigens with consistent antibody responses in multiple ApoE-/- mice. Immunization with
these antigens resulted in increased plaque burden, definitively illustrating the potential for autoimmunity to exac-
erbate atherosclerosis. This work identifies the production of autoreactive antibodies as a key therapeutic target for

understanding and controlling the development of atherosclerosis and cardiovascular disease.
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Abstract:

T cell receptor (TCR) signal strength regulates CD4™ T cell differentiation by incompletely understood mechanisms.
Weak TCR stimulation can skew naive CD4 ™ T cells towards a Th2 fate. Similarly, a variety of hypomorphic variants
downstream of the TCR are associated with the development of Th2-associated atopic disorders. Therefore, it has been
proposed that blunted TCR signaling might be a common factor predisposing to atopic disease. Upon TCR stimula-
tion, CD4™" T cells rapidly increase expression of highly branched complex N-glycans. N-glycosylation regulates ac-
tivity and cell-surface expression of molecules involved in T cell activation and differentiation, including key cytokine
receptors and the TCR itself, and glycosylation pathways are known to influence CD4™ T cell development. Therefore,
we hypothesized that TCR signal strength directs CD4™ differentiation by regulating complex N-glycosylation. We
first stimulated cell-trace labeled human PBMCs with anti-CD28 and different anti-CD3 doses to induce stronger or
weaker stimulation. After four days we stained with L-PHA, which specifically identifies 5(1,6)-branched oligosaccha-
rides in order to label highly branched complex N-glycans. Before the first cell division, activation by either a strong
or weak TCR stimulus increases expression of highly branched N-glycans as measured by L-PHA binding. As they
divide, strongly stimulated CD4 ™ T cells rapidly lose L-PHA binding, whereas weakly stimulated cells retain higher
levels. Although supplemental nutrients increase overall L-PHA binding in both populations, they do not prevent the
loss of binding in strongly stimulated cells as they divide. However, providing weakly stimulated cells with condi-
tioned media from strongly stimulated cells recapitulates the strong-stimulus phenotype, suggesting that a strong
TCR stimulus leads to production of a soluble factor that reduces surface N-glycan complexity as cells divide. Adding
a variety of cytokines to cultures stimulated with low-dose anti-CD3 and anti-CD28, we found that either IL-12 or
IL-4, cytokines with critical but very different roles in CD4™" T cell differentiation, cause weakly-stimulated cells to
lose L-PHA binding as they divide, mimicking a strong TCR stimulus. Ongoing experiments explore how glycosy-
lation differences affect CD4™ T cell differentiation. We observed that while a high dose of anti-CD3 consistently
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resulted in greater loss of peak L-PHA binding when compared to a low dose, inter-individual variation was sub-
stantial. Thus, we considered that this variation could reflect heterogeneity in the internally "perceivedd” activation
induced by commensurate external stimuli. Therefore, we compared the effects of high-dose anti-CD3 on CD4+ T
cells from non-allergic volunteers to patients with the common allergic condition atopic dermatitis (AD), which has
been shown in certain cases to be associated with attenuated TCR signaling. We hypothesized that CD4™ T cells from
AD patients would maintain higher levels of L-PHA binding during division due to weaker perceived activation. In-
deed, we found that CD4™ T cells from healthy volunteers exhibited the rapid reduction in L-PHA binding previously
observed, while CD4™ T cells from AD patients show an intermediate pattern consistent with a blunted TCR stimulus
phenotype. This suggests that regulation of glycosylation by perceived signal strength plays a consequential role in

CD4™ differentiation, impacting the development of allergic disease.
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Abstract:

As the most external barrier organ, the skin is exposed to many environmental stimuli, including detergents; yet,
how immunity is established under sterile environmental pressure is not clear. Endogenous retroelements (EREs),
occupy up to 45% of the human genome, but whether EREs can solicit protective barrier immunity is unknown. Here,
we established a model of environmental stress, where topical application of a mild detergent reactivated EREs, and
recruited CD8 T cells to the skin. By RNA-seq analysis detergent-induced CD8 T cells express a repair signature,
and mild detergent exposure accelerated skin wound repair via CD8 T cells and IL-17A. These cells also exacerbated
psoriasis-like inflammation, and thus are tightly controlled by Tregs. Langerhans cells (LCs) had the most abundant
ERE expression among skin antigen-presenting cells. CD8 T cell responses to sterile stress were entirely dependent
on LCs, suggesting LCs may present ERE antigens to CD8 T cells. Using in silico and in vitro assays, we identified
LC-intrinsic peptides that, as tetramers, labeled ERE-specific CD8 T cells in the skin. Importantly, ERE-specific CD8
T cells expanded in the context of psoriasis-like inflammation, suggesting these cells may contribute to disease. Thus,
mild detergent exposure is sufficient to promote adaptive immunity to defined ERE antigens. Our work proposes that

environmental stressors elicit adaptive immunity to EREs that maintains barrier integrity, when properly regulated.
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Abstract:

Antibody diversity is generated through V(D)J recombination during B cell development and through somatic hyper-
mutation during adaptive immune responses. Inevitably, both processes also produce self-reactive B cells which can
cause various autoimmune diseases including systemic lupus erythematosus (SLE) if left uncontrolled. Apoptosis is
one of several mechanisms thought to contribute to B cell self-tolerance. Mice with defective B cell apoptosis spon-
taneously develop autoantibodies and autoimmune nephritis. However, whether apoptosis is required during B cell
development or after B cell activation, and how it censors autoimmune disease, are unclear.

We employed different B cell-specific ©* drivers to conditionally express anti-apoptotic Bcl-2 in early B cell de-
velopment (Mb1-%), mature B cells (CD21-°") or activated B cells (Aicda-“*). In the bone marrow, we found that
immature B cell numbers are unchanged in all Cre-expressing mice. Compared to CD21-°" and Aicda-¢*¢, Mb1-¢r
mice show significantly expanded mature B cell numbers. In the spleen, mature follicular B cell numbers are also

significantly expanded in Mb1-¢r

mice, as well as transitional 1, transitional 2, and anergic (transitional 3) B cells.
In bone marrow and spleen, post-activation B cell numbers are increased in all Cre-expressing mice. Autoantibody
production primarily required defective apoptosis after B cell activation. However, autoantibody diversity was found
to be increased in Mb1-¢* mice. Lastly, Mb1-°* but not Aicda-©™ animals show severe female-biased nephritis and
high mortality.

We conclude that apoptosis makes distinct contributions both prior to and after B cell activation to regulate the B
cell compartment. These findings improve our understanding of B cell tolerance and autoimmune disease pathogen-

esis.
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Abstract:

Psoriasis is a skin chronic autoimmune disease that affects 2-3% of the world population. Neutrophils play criti-
cal roles in developing and maintaining psoriatic inflammation. Skin-infiltrated neutrophils activate keratinocytes
by producing ROS and cytokines by NETosis and degranulation and form a positive feedback loop of skin inflam-
mation with keratinocytes, dendritic cells, and T cells. Recent studies revealed the heterogeneity of neutrophils in
multiple organs; however, the heterogeneity and origin of neutrophils in the context of psoriasis are still not fully
appreciated. We used a model of microbiota pre-exposure and imiquimod (IMQ) to induce psoriasis skin inflam-
mation in mice. This model shows severe skin inflammation with an accumulation of NETs+ neutrophils. We found
that not only the BM but also the spleen are the origins of skin-infiltrated neutrophils in our model. Flow cytome-
try and culture-based methods confirmed that psoriatic skin inflammation induces extramedullary hematopoiesis
in the spleen. Splenectomy results in the 70% reduction of neutrophils and partial amelioration of skin symptoms.
scRNA-seq analysis of neutrophils in the BM, spleen, and skin in our model shows that the skin-infiltrated cluster is
entirely distinct from others. It is a highly matured and pro-inflammatory population. This data is consistent with
the idea that neutrophils obtain tissue-specific phenotypes by entering the tissue. Notably, part of the inflamma-
tory phenotype is already acquired in the spleen. Thus, we compared skin-infiltrated neutrophils of sham control or
splenectomized mice in our model by scRNA-seq. Neutrophil clusters were clearly separated between two groups.
Splenectomy significantly downregulated genes involved in inflammation and maturation in the setting of psoriatic
skin inflammation. These observations suggest a central role of the spleen to neutrophils in production and matu-
ration in the context of psoriasis. Now, we explore the mechanisms of how neutrophils acquire pro-inflammatory
phenotypes in the spleen. Our study may enable us to establish a new therapeutic approach by targeting neutrophil

development and maturation.
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Abstract:

While inputs regulating CD4™ T helper cell (Th) differentiation are well-defined, the integration of downstream sig-
naling with transcriptional and epigenetic programs that define Th-lineage identity remain unresolved. Phospho-
inositide 3-kinase (PI3K) signaling is a critical regulator of T cell function; activated PI3K delta syndrome (APDS) is
an inborn error of immunity caused by heterozygous activating mutations in PI3Kd. Given that APDS patients have
recurrent respiratory infections (Thi-type) and develop allergic (Th2-type) diseases, we hypothesized that activated-
PI3Kd (Pik3cdE1020K) signaling may alter CD4 T cell differentiation. Using mice expressing activated-PI3Kd, we
found aberrant expression of proinflammatory Thi-signature genes under Th2-inducing conditions, following both
house dust mite induced asthma in vivo and CD4 T cell polarization in vitro. This dysregulation was driven by a ro-
bust PI3Kd-IL-2-Foxo1 signaling loop, fueling Foxo1-inactivation, loss of Th2-lineage restriction, altered chromatin
accessibility and global impairment of CTCF-DNA interactions. Surprisingly, ablation of Fasl, a Foxo1-repressed gene,
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restored normal Th2 differentiation, TCR signaling and CTCF expression. BioID proximity labeling revealed Fas in-
teractions with TCR-signaling components, which were supported by Fas-mediated potentiation of TCR signaling.
Our results highlight Fas-FasL signaling as a critical intermediate in phenotypes driven by activated-PI3Kd, thereby

linking two key pathways of immune dysregulation.
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Abstract:

To date, the functional relevance and properties of prenatal lymphocytes remain elusive. Therefore, we developed
a fate-mapping mouse line based on the postnatal expression of the terminal deoxynucleotidyl transferase enzyme
(Dntt), that inserts random nucleotides at VDJ-junctions. In our model, we can detect prenatal B cells in any tissue at
any age and following any perturbation. We first observed persistence of prenatal cells not only within B1 cells but also
across all subsets including marginal zone and follicular B cells. Initial, BCR heavy-chain usage indicated that B cells
clustered based on their ontogeny rather than their subset identity. We hypothesize that prenatal B cells are selected
on endogenous/maternal antigens, and may be enriched in self-reactive clones, while postnatal B cells likely result
from selection on exogenous antigens, including microbiome. Protein microarray results confirmed higher binding
to self-antigen for prenatal-derived antibodies. In contrast, broad antibiotic treatment reduced both the number
and frequency of postnatal B cells, supporting a partial reliance on microbial-derived antigens. Furthermore, pre-
natal B cells exhibited intrinsic transcriptional differences as established by scRNAseq. Interestingly, unsupervised
clustering revealed a distinct cluster of prenatal cells comprising of various B cell subsets. Moreover, we established a
significant difference in the responsiveness to stimulations between pre- and postnatal B cells, i.e. T-cell dependent,
TLR-mediated, and BCR-crosslinking. Notably, prenatal B cells exhibited a significantly lower proliferation following
TLR or T-cell dependent activation but were refractory to anti-IgM-induced apoptosis, suggesting a certain degree
of anergy in this compartment, that would explain the enrichment in self-reactive clones. Given, the persistence of
an anergic prenatal pool of B cells, capable of recognizing self, we hypothesized that this subset could be regulatory
by inhibiting the postnatal pool. Co-culturing of pre- and postnatal B cells revealed reduced activation of postnatal
cells as measured by decreased CDé69 expression, supporting a suppressive effect by prenatal B cells. This suppression
appeared to be contact-independent, suggesting that they release inhibitory cytokines. Collectively we envision that
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upon tissue damage under inflammatory or infection conditions, prenatal B cell activation acts as a break to ensure

an appropriate immune response.

243



ABSTRACT Poster #17 - Tuesday

Keywords: Allergy & Autoimmune Diseases, Immune regulation, Innate Immunity

Constitutive repression of cGAS-STING by CHMPs prevents autoinflammatory
myopathy

« Presenter: Josephine Trichka

- Authors: Josephine Trichka (1), Yu Fan (2), Qingrong Chen (2), Jae-
Hyuck Shim (3), Daoud Meerzaman (2), and Stanley Adoro (1).

. Affiliation(s): (1) National Cancer Institute, Experimental Im-
munology Branch. (2) National Cancer Institute, Computational
Genomics & Bioinformatics Branch (3) University of Massachusetts
Chan Medical School, Immunology & Microbiology Dept.

Abstract:

The cGAS-STING pathway is responsible for detecting pathogenic or inappropriately localized self-DNA and alerting
the cell via activation of IRF3 and production of type I interferon. Mechanisms by which cGAS activation by self-DNA
isinhibited, thus preventing autoinflammation, remain largely unknown. In this study, we identify CHMPs5 as a novel
regulator of cGAS enzymatic activity in the steady state. Targeted genetic ablation of CHMPs5 in murine skeletal mus-
cle (CHMPsI<SM) results in a myopathic phenotype that manifests as lower body weight, reduced muscle mass, re-
duced grip strength, and reduced exercise capacity. Moreover, histologic and flow cytometric analysis demonstrated
profuse infiltration of pro-inflammatory macrophages (iNOS and TNF positive) in CHMPs-deficient skeletal muscle.
This inflammation is propagated in a tissue-intrinsic manner, as wildtype donor bone marrow-derived macrophages
also differentiated into pro-inflammatory macrophages in skeletal muscle of CHMPsI<SM chimera hosts. To under-
stand the developmental and molecular basis of how CHMPs expression in skeletal muscle regulates inflammation,
we established an in vitro muscle differentiation system using C2C12 immortalized myoblast cells. RNA-seq analysis
revealed upregulated type I interferon signaling and IFN-stimulated genes (ISGs) as the topmost enriched pathway in
C2C12 cells depleted of CHMPs using shRNA. We confirmed that CHMPs-deficient myoblasts constitutively phospho-
rylated STAT1 and expressed 3-5-fold higher ISG levels than CHMPs-sufficient cells. In line with these findings, we
further demonstrated that primary murine myoblasts from a Pax7-ERT2-CHMPsf/f mouse strain expressed markedly
higher ISGs than cells derived from littermate controls after ex vivo treatment with hydroxy-tamoxifen. Mechanisti-
cally, we found that CHMPs deficiency resulted in steady-state activation of the cGAS cytosolic DNA sensing pathway,
evidenced by increased basal phosphorylation of STING and TBK1. Accordingly, treatment with cGAS or STING small
molecule antagonists suppressed IFN signaling and ISG expression in CHMP5-deficient myoblasts. Taken together,
these findings implicate CHMPs as a critically necessary component of the cellular machinery that restrains aberrant
cGAS-STING activation to prevent autoinflammatory muscle damage.

244



ABSTRACT Poster #18 - Tuesday

Keywords: Allergy & Autoimmune Diseases, Immune regulation, Microbiome & Barrier Immunity

Endogenous retroelements promote intestinal homeostasis and tolerance to di-

etary antigens

« Presenter: Claudia A. Rivera

« Authors: Claudia A. Rivera (1), Eduard Ansaldo (1), Verena M Link
(1), Siddharth R Krishnamurthy (1), Ana Teijeiro (1), Daniel Yong(1),

Yasmine Belkaid (1,2)

. Affiliation(s): (1) Metaorganism Immunity Section, Laboratory of
Host Immunity and Microbiome, National Institute of Allergy and
Infectious Diseases, National Institutes of Health. Bethesda, MD
20892. (2) Current affiliation: Unité Metaorganisme, Immunology

Department, Pasteur Institute, Paris, France

Abstract:

Endogenous retroviruses (ERVs) result from accumulated germline infections by ancient exogenous retroviruses and
constitute a sizable proportion of the mammalian genome. Recent findings support the idea that these elements
control tissue immune threshold of activation. In the skin, beneficial immunity to the microbiota depends on the
ERV transcriptional activity of the host. How the crosstalk between ERVs and the microbiota controls tissue immu-
nity at other barrier sites remains unknown. Our results reveal that antiretroviral (anti-RT) treatment (blocking the
conversion of ERV into cDNA) impairs the induction of oral tolerance to food antigens. Further, ERV responses to
food depend on the cGAS/STING pathway and type I IFN. Interestingly, blocking ERV expression during weaning
also affects oral tolerance induction. Consistently, single-cell RNAseq data demonstrate that anti-RT treatment im-
pacts regulatory T cell homeostasis and final differentiation within the gut, while also affecting mucosal dendritic
cell functions in duodenum. We have also found that epithelial and dendritic cell ERV expression is highly conserved
across tissues and is not affected by the microbiota or TLR ligands. Indeed, germ-free experiments suggest that ERV
modulation of tolerance to food is independent of the microbiota. Altogether, our results propose that ERVs control
gut immunoregulation by acting as a tonic signal required for Treg induction and differentiation thereby promoting

oral tolerance and preventing allergic responses.
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Abstract:

Carbamazepine (CBZ) is an aromatic anticonvulsant known to cause drug hypersensitivity reactions, which range in
severity from relatively mild maculopapular exanthema to potentially fatal Stevensi><Johnson syndrome (SJS) and
toxic epidermal necrolysis (TEN). These reactions are known to be associated with human leukocyte antigen (HLA)
class I alleles (HLA-B*15:02, and HLA-A*31:01). CBZ is thought to interact non-covalently with specific HLA proteins
to activate CD8™ T-cells. To study drug specificity and HLA restriction of T cell receptors to CBZ, we cloned TcRs
from published reports on CBZ drug reactions in HLA-B15:02 positive patients. TcRs were expressed in a mouse TcR-
negative cell line using retroviral expression vectors. Stable TcR transfected T cells were then tested for drug responses
with mono-allelic HLA antigen presenting cells and monitored for T cell activation markers. We found that several
TcRs did not respond to CBZ even at high doses with matching HLA-B*15:02 presenting cells although all the TcRs
were reported to be drug reactive. TcRs that did respond to CBZ also showed background activation withAPCs ex-
pressing HLAB*15:02 alone. Evaluation of the HLA restriction found that in addition to the HLA-B*15:02 linkage, 2
TcRs responded to CBZ presented by HLA-B¥57:01 but not to HLA-B*58:01. Specific amino acids required for drug
recognition/presentation in the HLA binding pocket were mapped by site specific substitution in HLA-B*58:01. Im-
munopeptidome studies with CBZ treated HLA-B*57:01 presenting cells did not find changes in the peptide repertoire
analogous to the altered peptide repertoire generated in response to ABC. Our results support a model in which CBZ
binds to a specific low affinity site in the cleft of HLA, common to both HLA-B*15:02 and HLA-B*57:01, that stabilizes
the interaction of a self-peptide reactive TcR with the HLA-peptide complex. The affinity enhanced TcR is then clonally
expanded in vivo leading to severe skin and systemic CD8 dependent pathology associated with SJS-TEN.
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Abstract:

The transcription factor Foxp3 in mice (FOXP3 in human) dictates the development and function of regulatory T cells
(Tregs) to maintain self-tolerance. Foxp3 (or FOXP3) deficiency results in autoimmunity in multiple organs both in
mice and in human. The mutation of amino acid 370 (M to I) of FOXP3 protein was identified in IPEX patients with
type-2 autoimmunity. To study the mechanism how this mutation affects Treg function, we generated an M370I-
knock in (KI) mouse strain by CRISPR-Cas9 editing. The homozygous female KI (Foxp3M3701/M370I) mice and the
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hemizygous male KI (Foxp3M3701/Y) mice showed dramatic T cell activation with multi-organ inflammation. The KI
Tregs were capable of producing all effector T cell cytokines including IL-2, IFN-o?, IL-4, IL-13, and IL-17A. The ex-
pression of Foxp3 and CD25 was reduced in these cells. We also generated heterozygous KI female (Foxp3M3701/GFP)
mice which were healthy in general without any indication of type 2 inflammation. However, the KI Tregs still pos-
sessed the ability of producing IL-2/IFN-o® and expressed lower Foxp3 and CD25. The RNA-seq analyses of Tregs from
heterozygous KI females showed that KI Tregs have lower expression of genes related to Treg suppressive function.
Immunoprecipitation mass spectrometry (IP-MS) of Foxp3 showed an altered pattern of Foxp3 interacting proteins
between WT and KI Tregs, including NFAT and RUNX1, two known transcription factors for regulating T effector and
Treg programs. Structural modelling indicated that M370l may disrupt head-to-head dimerization of FOXP3. While
another amino acid substitution F374C that sits in the center of H4 helix and was identified in IPEX patients, may
form an intra-domain disulfide to favor swap-domain dimer. We further generated mice carrying FOXP3-F374C mu-
tation and these mice indeed had similar phenotypes compared to Foxp3-M370l mice. Thus, our results indicate that
M370lI and F374C KI Tregs displayed effector-phenotypes, possibly resulting from enhanced formation of domain-
swap FOXP3 dimerization relative to the formation of functional head-to-head FOXP3 dimers.
This work was supported by the Division of Intramural Research of NIAID, NIH.
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Abstract:

Ectopiclymphoid structures in the meninges, observed in both multiple sclerosis patients and mice with experimental
autoimmune encephalomyelitis (EAE), are associated with cortical demyelination and the progression of neurological
disease. These structures serve as hubs for the reactivation and licensing of pathogenic T cells, yet the mechanisms
governing their development and function remain poorly understood.

This study investigates the essential role of ILC1 and NKp46+ ILC3 cells in orchestrating the development of
meningeal lymphoid aggregates in the context of autoimmune neuroinflammation. We demonstrate that the for-
mation of these aggregates critically depends on the expression of the Odc1 gene within ILC1 and NKp46+ ILC3 cells.
Odc1 encodes ornithine decarboxylase, a pivotal enzyme in the polyamine biosynthesis pathway. A deficiency in
Odc1 markedly diminishes the abundance of ILC1 within the meninges, reduces the size and cellular diversity of the
meningeal lymphoid clusters, and profoundly reshapes the immunological composition of the central nervous sys-
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tem (CNS) parenchyma. Notably, this alteration includes decreased infiltration of pathogenic CXCRé6+ TH17 cells,
pro-inflammatory monocytes, macrophages, and dendritic cells. Consequently, mice with an NKp46-specific dele-
tion of Odc1 are substantially protected from neuroinflammation. Our findings highlight the indispensable role of
the polyamine biosynthesis pathway in sustaining NKp46+ ILC functions and their contribution to the architecture
of the meningeal microenvironment during neuroinflammation. Thus, therapeutically targeting this pathway offers
a promising avenue for disrupting the development of ectopic lymphoid follicles and potentially ameliorating neu-

roinflammatory disorders.
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Abstract:

Autoimmune disorders targeting the central nervous system (CNS) often commence with disruptions to the CNS pro-
tective barriers, the meninges. Within this critical interface, NKp46-expressing innate lymphoid cells (NKp46+ ILCs)
facilitate the infiltration of myelin-reactive T cells into the brain and spinal cord and regulate the onset of neuroin-
flammation. During experimental autoimmune encephalomyelitis (EAE), we observe a ten-fold increase in NKp46+
ILC numbers, an expansion not driven by local proliferation, thus posing the question of their origin. Parabiosis
experiments reveal that approximately half of NKp46+ ILCs migrate from the periphery, with the spleen acting as
a significant source, and enter the meninges in a sphingosine-1-phosphate receptor (S1P1)-dependent manner. Si-
multaneously, using Tcf7 reporter mice, we uncover a previously unrecognized population of ILC progenitors in the
meninges during EAE. These progenitors possess the potential to differentiate into all major ILC subsets ex vivo,
thereby highlighting the crucial role of local ILC-poiesis in shaping meningeal immune dynamics. Our findings de-
lineate a dual origin of meningeal NKp46+ ILCs from both peripheral migration and local precursor differentiation,
highlighting a complex interplay between migratory and resident immune populations in CNS autoimmunity.
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Abstract:

Respiratory syncytial virus (RSV) is the leading cause of respiratory tract infections in children, frequently leading to
bronchiolitis and pneumonia. Severe cases can increase the risk of childhood wheezing. The airway epithelium serves
as both the primary target and the first line of defense against RSV. Der p 1, a major House Dust Mite (HDM) allergen
and cysteine protease, disrupts lung epithelial tight junctions, potentially compromising antiviral defenses. Given
that HDM exposure may coincide with initial RSV infection in infants, we investigated whether Der p 1 influences
RSV infection in two distinct lung epithelial cell lines.

As49 and BEAS-2B are alveolar and bronchial epithelial cell lines, respectively, that are often used to study RSV
infection. However, the way each of these two cell lines responds to Der p 1 and to RSV is different. To investigate
the underlying reasons for these differences, we exposed these cells to Der p 1 and/or inhibitors targeting different
RSV entry, endocytic pathways, including macropinocytosis, clathrin-mediated endocytosis, and receptor-mediated
entry via the RSV receptor IGF1iR. Cells were then infected with a fluorescently-tagged RSV (rgRSV), allowing us to
monitor infection progression through live imaging, confocal microscopy, and RT-qPCR.

Live imaging revealed that RSV infected A549 cells within 30 minutes, spreading diffusely throughout the culture,
while RSV infection in BEAS-2B cells took place around 3 hours and remained localized to small clusters. Selective in-
hibition of viral entry indicated that RSV primarily infects As49 cells via macropinocytosis, whereas BEAS-2.B cells rely
on dynamin, clathrin, and IGF1R-mediated entry. Notably, pre-incubation with Der p 1 paradoxically reduced RSV
infection in BEAS-23B cells, but not in As549 cells, in a time- and dose-dependent manner. Six hours of pre-incubation
with Der p 1 was sufficient to achieve maximal RSV inhibition (50%), from 5 hours post-infection.

In conclusion, Der p 1 may reduce RSV infection by interfering with BEAS-2B specific mechanisms of viral entry
such as endocytosis. Elucidating the precise mechanism could lead to new antiviral therapeutics.
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Abstract:

IgG antibodies with self-reactivity have been previously identified in people living with HIV (PLH), mostly originated
from a repertoire of cross-reactive anti-viral antibodies. Although some of their self-targets have been identified as
lymphocyte membrane proteins, not much is known about the potential immunological and clinical consequences of
these self-reactive antibodies. We have previously found that in the setting of another viral infection, such as SARS-
CoV-2, infected individuals harbored mostly IgM, and not IgG, anti-lymphocyte antibodies (ALAb). Using a flow-
based assay, we analyzed the presence of both IgG and IgM ALAb in the plasma of PLH. In an initial cross-sectional
study, 15/18 (83%) of patients at four to 112 weeks after initiation of anti-retroviral therapy (ART), had IgM ALAD (spe-
cific for targets present on CD4, CD8 and/or B lymphocyte membranes). Plasma with auto-reactive IgM ALAb induced
lymphocyte killing by complement mediated cytotoxicity (CDC), which was totally dependent on active complement
and IgM. The degree of CDC activity against CD4 T cells found in patients’ plasma inversely correlated with their re-
spective clinical CD4 lymphocyte count (R=-0.5576; p=0.0162). In vivo, we found that 53% of PLH displayed C3b com-
plement deposition on their lymphocytes, which correlated with the patient’s level of anti-lymphocyte IgM antibodies,
suggesting that self-reactive IgM can also activate complement in vivo. IgM self-reactivity was not limited to antigens
expressed by cells of hematopoietic origin, since 60% of the patients’ plasma also reacted against HeLa cell line. In a
second longitudinal study of 39 PLH, we found the prevalence of IgM and IgG ALAb to be the highest before or within
two weeks after ART initiation with 74% and 36% of patients harboring IgM and IgG ALADb, respectively. Although the
IgM ALAb decreased over time, they persisted for at least 96 weeks after ART initiation, remaining detectable in 49%
of PLH. Our data suggest that chronic viral infection can induce the production of long-lasting IgM auto-antibodies
of broad reactivity, capable of inducing complement activation. Further studies are necessary to uncover their clinical
implications. This research was supported by the Division of Intramural Research, National Institute of Allergy and
Infectious Diseases, National Institutes of Health.
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Abstract:

The innate immune system detects pathogens like bacteria and viruses through pattern recognition receptors (PRRs)
activated by pathogen-associated molecular patterns (PAMPs). However, the mechanism by which environmental
allergens are sensed is still unclear. Despite their structural diversity, aeroallergens such as house dust mites (HDM),
fungi, or pollen commonly possess protease activity. This activity can trigger innate immune responses and lead to
pathogenic adaptive responses. The specific receptors and innate cells involved are not fully understood.

Using airway inflammation models induced by common allergens we discovered that inherent protease activity
in allergens is crucial for antigen-specific T cell expansion and the initiation of Th2-driven allergic inflammation.
Protease allergens activate Protease-Activated Receptor 2 (PAR2) to initiate the allergic response. Mechanistically, we
found that protease activity and PAR2 expression are necessary for enhanced dendritic cell (DC) migration from the
lungs to the draining lymph nodes post-exposure. Although PAR2 expression is not inherently required on DCs, it is
highly expressed on a resident perivascular macrophage population within the lungs, which also uniquely expresses
Ly6G, a neutrophil associated marker. This novel macrophage population depends on PAR2 and the transcription fac-
tor Nur77 for its accumulation and activation following protease allergen exposure. Overall, our data describe a new
population of pulmonary perivascular macrophages critical for detecting allergen-derived proteases and promoting

DC migration for the initiation of allergen-specific T cell responses, which ultimately shapes allergy pathogenesis.
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Abstract:

Type I interferon (IFN-I) plays a central role in the pathogenesis of common autoimmune disorders such as lupus.
While the impact of IFN-I on macrophages has been studied extensively in short-term ex vivo culture systems, the
effect of chronic IFN-I exposure on tissue-resident macrophages in vivo is poorly understood. Recently, we reported
that deficiency of Immunity-Related GTPase family M member 1 (Irgmi) causes chronic upregulation of IFN-I in
Irgmi-/- mice. Here, using Irgmi-/- mice that are deficient in IFN-I receptor, we show that IFN-I disrupts the pool
size and phenotype of serous cavity (peritoneal, pleural) macrophages. IFN-I severely impaired the proliferation and
differentiation of short-lived monocyte-derived small peritoneal cavity macrophages in Irgmi-/- mice as well as in
Trex1 (three prime repair exonuclease 1)-null mice, an alternate model of chronic IFN-I excess. Consistent with this,
M-CSF-dependent proliferation and maturation of wild type bone marrow monocytes into macrophages was im-
paired by IFN-I ex vivo. Suggesting additional systems level changes on the resident F48ohi embryonic-derived large
peritoneal macrophage (LPM) pool, we found that IFN-I strikingly altered the chromatin landscape of LPMs and re-
programmed their transcriptome. The open chromatin landscape of Irgmi-/- LPM was enriched in binding motifs
for proinflammatory AP-1 family transcription factors (TF) and reduced in pioneer TF PU.1/IRF8 motifs. In addition,
IFN-I partially reduced the activity of GATASG, a lineage-defining TF of LPM, and this was associated with reduced
GATAG6 localization to the nucleus. Associated with this, IFN-I compromised the niche-specific function of LPM by
decreasing LPM expression of the B1 cell chemokine CXCL13. Taken together, our findings demonstrate that chronic
exposure to IFN-I impairs maturation of monocyte-derived tissue macrophages and reprograms embryo-derived

macrophages, thereby undermining core macrophage functions in tissue homeostasis.
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Abstract:

Dual oxidase 2 (DUOX2), one of the seven NADPH oxidases family members, plays a critical role in both host de-
fense and chronic inflammation-associated cancer in the gastrointestinal system. In vitro, pro-inflammatory cy-
tokines, such as IFN-y, IFN«/f3, IL-4 and IL-17A, enhance DUOX2/DUOXA2 expression through activation of STATs
and NF-kB signaling pathway proteins; in vivo, DUOX protein and mRNA levels are substantially upregulated in
chronic pancreatitis, pre-malignant pancreatic intraepithelial neoplasms and the early stages of pancreatic cancer
patients compared to histologically normal pancreatic tissues. In pancreatic adenocarcinoma, increased DUOX2 ex-
pression is adversely correlated with overall patient survival. Heat-Shock Protein 90 (Hsp90o), an important molecular
chaperone involved in tumorigenesis, invasion and metastasis of cancer cells, is critical in folding, maturation and
stability of many oncogenic client proteins, including kinases such as AKT and JAK1/2, and transcription factors,
such as STAT3 and HIF-1«v. Several STAT family members, along with Hsp9o, are overexpressed in human pancreatic
carcinomas. Using a panel of human pancreatic cancer cell lines (BxPC-3, AsPC-1 and CFPAC-1), we found that two
different Hsp9o inhibitors, Tanespimycin (17-AAG) and Ganetespib (STA-9090), inhibit JAK1 and JAK2 kinases, block-
ing cytokine-induced, JAK-regulated STAT phosphorylation. Additionally, these Hspgo inhibitors suppress cytokine-
induced DUOX2, VEGF-A, MMP-7 and PD-L1 expression in human pancreatic cancer cell lines with varying sensi-
tivity. Furthermore, the JAK1/2 inhibitor Ruxolitinib inhibits IL-4 induced and JAK-mediated STATé6 phosphoryla-
tion, and DUOX2 mRNA and protein expression in BxPC-3 cells. Similar results were observed with JAK1, STAT1, 2
and STATS6 specific siRNA knockdown. However, simultaneous knockdown of both isoforms of Hsp9o, Hspooa and
Hspoos, with specific siRNA did not inhibit JAK1 activity, cytokine-induced DUOX2 mRNA or protein expression.
Either remaining Hsp9o protein or other isoforms of Hsp9o in cells may compensate decreased Hsp9o function af-
ter siRNA knockdown. Our data suggests that Hspoo inhibitors, through blocking the cytokine-activated JAK-STATs
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oncogenic signaling pathway and their downstream genes such as DUOX2, VEGF-A, MMP-7 and PD-Liexpression,
may be a valuable therapeutic approach for inflammation-associated pancreatic cancer.
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Abstract:

Tumor dormancy is a clinical phenomenon whereby disseminated cancer cells can remain asymptomatic for years
before relapsing into overt metastases. However, the mechanisms governing tumor dormancy induction or its reac-
tivation remain unclear, owing to the lack of tumor dormancy mouse models. Here, we report an immune-competent
mouse model to investigate breast tumor dormancy upon abrogation of myeloid-specific TGF-/r2 (TGF-/3r2MyeKO)
signaling. We found these dormant cancer cells were largely made up of 1-8 cell lesions, were cell cycle arrested,
and highly expressed tumor dormancy markers. RNA-seq of sorted dormant cancer cells revealed SLURPI as a top
differential expressed candidate, which was regulated by the IFN-v-KLF4 axis. Deletion of SLURP1 in tumor cells
diminished the dormancy phenotype in TGF-fr2MyeKO mice and its overexpression-maintained cancer cells in a
dormant state. Additionally, we found dormant cancer cells in TGF-3r2MyeKOmice are found in a distinct immune
niche, comprising CD103+ dendritic cells, NK, monocytes, and neutrophils, and elevated IFN-v production in the
lung milieu. Inhibition of IFN-yR1 in tumor cells rescued the tumor dormancy phenotype in TGF-Sr2MyeKO mice.
Our study highlights the TGF- fr2aMyeKO mouse as an important tool to model tumor dormancy and the potential for

further investigation into treatment resistance and strategies to prevent metastatic outgrowth.
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Abstract:

Brain metastasis is a common and serious complication of triple-negative breast cancer (TNBC), often associated
with poor survival and prognosis. Currently, no effective therapies exist to prevent or treat brain metastases. Here,
we sought to evaluate the effect of a colony-stimulating factor-1 receptor (CSF-1R) inhibitor, BLZ945, on breast cancer
brain metastasis and to explore its mechanism of action. Using two experimental hematogenous TNBC brain metas-
tasis models, we investigated the role of BLZ945 in the prevention and treatment of brain metastasis. Treatment
with BLZ945 reduced the number of microglia/macrophage cells in both the uninvolved brain and metastatic regions,
as early as three days after administration. Notably, BLZ945 treatment was effective in reducing both the number
and size of metastases in both preventive and established metastatic settings. This efficacy was achieved without the
need for complete or near-complete suppression of the myeloid cells, suggesting that potential adverse effects of full
myeloid suppression can be avoided. Additionally, BLZ945 reduced cancer cell proliferation and astrocyte activation
in the tumor microenvironment. Mechanistically, BLZ945 inhibited the activation of the MAPK pathway and the se-
cretion of inflammatory cytokines in microglial cells, thereby directly inhibiting cancer cell invasion. In vitro studies
using microglial conditioned medium with cancer cells and astrocytes showed that BLZ945 treatment indirectly re-
duced cancer cell proliferation through astrocyte interaction. Our findings support the involvement of microglia and
macrophages in the development of breast cancer brain metastases and suggest that BLZ945 may offer a potential
therapeutic strategy for preventing and/or treating brain metastases in breast cancer.
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Abstract:

Although immunotherapy has revolutionized cancer treatment, it remains insufficiently active on many cancers, es-
pecially solid tumors of the adult. Although most current immunotherapies rely, at least implicitly, on tumor cell
killing by cytotoxic cells, especially CD8™ T cells, there is both experimental and clinical evidence that CD4™ T cells
can counter tumor progression. However, the diversity of CD4™ T cell functions has so far hampered mechanistic
studies of their responses to tumors. To address these questions, we set up experimental systems to track tumor
antigen-specific CD4™ T cell responses in vivo. Here, we used this approach to examine whether deletion of Thpok,
a transcription factor Thpok essential to maintain the CD4 ™ -lineage transcriptome and prevent cytotoxic cell differ-
entiation, could endow CD4™ T cells with anti-tumor cytotoxic and thereby anti-tumor activity. We inactivated the
gene encoding Thpok (Zbtb7b) in naive post-thymic CD4™ T cells. As predicted, Thpok-deficient CD4™ T cells showed
higher expression of cytotoxic genes. However, contrary to the prediction, Thpok disruption did not improve tumor
control. Instead, we found that Thpok is required for tumor antigen-specific CD4 T cells controlling tumor growth.
By leveraging single-cell RNA sequencing, we elucidated the signature patterns regulated by Thpok in tumor antigen-
specific CD4 T cells within the draining lymphoid nodes (dLNs) and the tumor microenvironment. In dLNs, Thpok
was found to be essential for steering tumor antigen-specific CD4 T cells towards differentiation into follicular helper
and memory-like CD4 T cells (Tth). Within the tumor, Thpok functions as a guardian, shielding antigen-specific CD4
T cells from adopting dysfunctional exhaustion patterns and interferon-stimulated gene signatures. Simultaneously,
Thpok maintains the expression of a Thi-like signature, including the expression of Cd4olg, which is critically required
for the anti-tumor function of CD4 T cells. Thus, our data unveil the role of Thpok in enhancing the anti-tumor im-

munity of tumor antigen-specific CD4 T cells.
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Abstract:

Bone is the most common site of breast cancer metastasis, occurring in 70% of patients, and an indication of short-
term prognosis. Understanding the host factors involved in the establishment of metastasis is essential to develop
therapies that extend patient’s lifespan. Bone colonization by cancer cells is a stepwise process that relies on inter-
actions between tumor cells and the bone microenvironment. While it is well established that metastasis disrupts
hematopoiesis and impairs effective systemic immune responses, how changes in the local immune microenviron-
ment of the bone marrow affect the susceptibility to bone metastasis remains poorly understood. Using immuno-
competent mouse models of breast cancer bone metastasis, we found that breast cancer profoundly transforms the
bone marrow lymphoid microenvironment before the arrival of tumor cells and induces bone lymphoid cell loss, with
adramatic reduction of B cells, the most abundant bone marrow lymphoid subset. Additionally, breast cancer induces
an expansion of lymphoid progenitors with a reprogrammed transcriptional landscape and impaired differentiation
capacity. Of note, single cell analysis shows that the remaining B cells present in the bone marrow exhibit reduced
activation, maturation, antigen processing and presentation. Importantly, depletion of mature B cells increases bone
metastasis incidence, suggesting that B cell loss creates a vulnerable microenvironment prone to tumor cell coloniza-
tion. Overall, our data reveals that breast cancer cells distantly shape B cell trajectories and imprint specific molecular
programs in B cell progenitors that enhance metastasis. Our ongoing research identifies B cells as potential therapeu-
tic targets in bone metastasis and aims to further investigate the complex crosstalk between breast cancer cells and
B cells to understand the factors that impair B cell differentiation and the mechanisms by which B cell loss impacts
bone metastasis.
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Abstract:

Despite numerous studies, the role of autophagy in cancer progression is still not fully understood. Conventional
approaches preclude tracking individual tumors over the course of their progression at a subcellular level, therefore
limiting the autophagy assessment in in vivo settings. Using a powerful approach based on combining intravital sub-
cellular microscopy (ISMic) with computational analysis, we measured the formation and changes in autophagic vesi-
cles density and size in oral squamous cell carcinoma (OSCC) lesions at different stages of their progression in a well-
established carcinogen murine model, based on the use of the tobacco-mimetic 4-nitroquinoline-1-oxide (4NQO).
3D spatio-temporal analysis unveils an autophagic shift in progressing lesions which parallels a reprogramming of
cellular NADH metabolism that characterizes tumor progression toward malignancy. Future work will examine the

anti-tumor role of the immune system in this model.
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Abstract:

Transforming growth factor-3 (ITGF-$) is an anti-inflammatory and pro-fibrotic protein that plays an important role
in wound healing. When TGF-/ is overexpressed in the tumor microenvironment (TME), it interferes with the es-
tablishment of effective anti-tumor immune responses in a variety of ways, including by inhibiting the function of
natural killer and CD8T T cells. Therefore, inhibition of TGF-73 is an attractive strategy to potentially increase the
anti-tumor activity of immune-based therapies, including immune checkpoint blockade (ICB). Due to the toxicities
associated with systemic targeting of TGF-/3, approaches to inhibit TGF-3 activation locally at the tumor site are
needed. Binding of the latent form of TGF-{ to the integrins av38 and av/31, which are highly expressed in tumor
cells and cancer-associated fibroblasts, respectively, mediates the local activation of TGF-3 in the TME. To investigate
whether blockade of integrins could be used to increase responses to ICB, several murine models of cancer were eval-
uated for expression of v, 81, and 38 integrins. Tumors with the highest expression, including the triple negative
EMT6 and the head and neck squamous carcinoma MOC1 models were selected for further analysis. Blockade of av38
and awvp1integrins was achieved in vivo with the orally bioavailable, small molecule inhibitor PLN-101095, which was
administered in the mouse chow. In both models, therapy with PLN-101095 plus anti-PD1 resulted in enhanced tu-
mor control, which was associated with increased tumor infiltration with CD8™ T cells and increased frequency of
IFN8>x%+ and GzmB+ CD8™ T cells. In the EMT6 model, the combination therapy also significantly increased tu-
mor infiltration with M1 macrophages and reduced the proportion of M2 macrophages, leading to decreased M2 to
M1 macrophage ratio. In addition, EMT6 tumors treated with PLN-101095 and anti-PD1 showed a significant reduc-
tion in the amount of active TGF-/3 and Smad3 phosphorylation, indicating decreased TGF- (3 signaling in the TME.
These data provide pre-clinical rationale to further evaluate the inhibition of avf1 and av38 in combination with
various immunotherapy agents in different solid tumor models representing a wide variety of immune and stromal

composition.
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Abstract:

Background: Glioblastoma (GBM), the most common malignant primary brain cancer, is highly resistant to im-
munotherapy. Immunosuppressive tumor microenvironment (TME) and paucity of effector T cells play a key role
in impairing an anti-tumor immune response. CXCL12 and its receptor CXCR4, which are highly expressed in GBM,
are involved in shaping the immunosuppressive TME by regulating the trafficking of lymphocytes and myeloid cells
to and from the TME. We postulated that inhibiting CXCL12 will modulate the immunosuppressive TME in GBM,
thereby augmenting the efficacy of immunotherapeutic agents like immune checkpoint inhibitors (ICIs). To test this
hypothesis, we investigated the immunomodulatory and therapeutic potential of CXCL12 inhibition using the small
molecule NOX-A12, with or without ICIs, in preclinical immune-resistant GBM models, including intra- and extra-
CNS settings. Methods: C57BL/6 immunocompetent mice bearing intracranial (i.c.) or subcutaneous (s.c.) immune-
resistant SB28 tumors received either vehicle, NOX-A12, anti-PD1 and anti-CTLA4 (dual ICI), or NOX-A12 + dual ICI
(combination) and followed for survival and tumor growth. Immune cells in tumor tissues were analyzed using high-
dimensional flow cytometry in early (1 week) and late (2 weeks) time points after the start of treatment. Statistical
analysis used ANOVA with post-hoc Tuckey‘s multiple comparison test. Survival was analyzed using a log-rank test.
Results: Combination treatment of dual ICI with NOX-A12 provided a survival benefit and induced tumor regression
only in the s.c model and not in the i.c tumor model. Notably, long-surviving mice that rejected their s.c. tumors
also rejected rechallenged s.c. tumors implanted at the contralateral flank. To further explore whether the differ-
ence in the response against s.c. and i.c. tumors is attributable to distinct treatment effects on the immune TME,
we analyzed the immune landscape induced by treatment in each of these tumor models. Combination treatment
with NOX-A12 and dual ICI resulted in a consistent increase of antigen-experienced CD8™" T lymphocytes and a late
increase of activated CD4™ T lymphocytes in both s.c and i.c SB28 tumors. Interestingly, in the s.c tumor, while ICI
induced an increase in the immunosuppressive Ly6Clow MHC-IIlow PDL-1+ monocytic cells, combination treatment

with CXCL12 inhibition abrogated this effect. Notably, combination treatment also resulted in a downregulation of
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CCR2 in this monocytic subset. Furthermore, the combination therapy reduced CD206 expression on monocyte and
macrophage subsets, suggesting their polarization to a less immunosuppressive phenotype. In contrast, i.c. SB28
tumors did not exhibit similar treatment-induced changes in the myelo-monocytic compartment. However, combi-
nation treatment resulted in the increase of MHC-I1+ microglia in i.c tumors. Additional analysis of i.c TME revealed
increased PD-Li+ B cells by combination treatment, which were not found in s.c SB28 treated tumors. Conclusion:
Combining CXCL12 inhibition with ICIs improved survival in the subcutaneous GBM model but not in the intracranial
GBM model. While the combination treatment increased the activated cytotoxic T cells in both models, its differen-
tial effects on myelo-monocytic subsets and B cells may contribute to the lack of survival benefit observed in the i.c
model. Further study is needed to elucidate the intra-CNS components involved in TME resistance to modification
by CXCL12 inhibition.
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Abstract:

Bruton tyrosine kinase inhibitors (BTKis) have transformed the treatment landscape for patients with chronic lym-
phocytic leukemia (CLL). BTKis target pathways critical for CLL cell survival and proliferation. We evaluated the ef-
fects of BTKis on CLL cell transcriptome and the composition of the tumor microenvironment (TME) in CLL.

Lymph node (LN) biopsies from 64 patients treated with ibrutinib (n=35) collected pre-treatment and at 24 and 72
hours from first dose or acalabrutinib (n=29) collected pre-treatment and after 3 days of treatment at 4, 12, 24, and 36
hours from the last dose of drug were submitted for RNA sequencing. We used gene set enrichment analysis (GSEA)
to interrogate activation of signaling pathways and cellular response and quantified the degree of CLL activation us-
ing a previously published gene signature derived from single-cell RNA sequencing. Immune cell composition was
assessed with CIBERSORT.

GSEA highlighted significant downregulation of key CLL-related pathways by BTKis, including MYC, KRAS, HIF-
1, NOTCH, NFxB, and BCR, all with adjusted p = 0.007. Consistently, the CLL activation gene signature showed
a significant decrease on BTKis (p = 0.019). To better understand the timing of decreased activation, we analyzed
ibrutinib timepoints separately. Activation score decreased by 23% after 24 hours (p = 0.24) and by 87% after 72 hours
of ibrutinib (p = 0.014). We then investigated the acalabrutinib timepoints: the activation score decreased by 73.7% at
4 hours (p =0.013), 61.7% at 12 hours (p = 0.016), 101.6% at 24 hours (p = 0.056).

How BTKis affect the LN TME is not well known. The LN TME in CLL differs from normal LNs in several respects,
including increased presence of T follicular helper (Tth) cells, and decreased presence of CD4™" naive T cells and Mo
macrophages. In ibrutinib treated LN biopsies, CIBERSORT identified a significant decrease of Tth after 72 hours
(p=0.001) but not after 24 hours, while the proportion of resting CD4 memory T cells increased (p =0.003). LN biopsies
taken >72 hours after the start of acalabrutinib revealed significant decreases in Tth cells (p =0.00003), CD4 memory
activated T cells (p = 0.03), Mo macrophages (p = 0.028), and increases in CD4 naive T cells (p = 0.018), CD4 memory
resting T cells (p = 0.012), M2 macrophages (p = 0.03), and resting mast cells (p = 0.0097).
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In conclusion, BTKis not only rapidly reduced activating signaling in CLL cells but also significantly altered the
composition of the LN TME. The virtually immediate impact on tumor transcriptomes was paralleled by equally rapid
if slightly delayed reorganization of the TME. These data suggest that the effects of BTKis spread beyond the imme-
diate drug target and disrupt the tumor-supportive TME.
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Abstract:

Despite promising results with immune checkpoint blockade (ICB) therapy, brain metastases (BrM) remain a deadly
complication for cancer patients. Understanding the highly specialized brain metastatic tumor microenvironment
(BrTME) is crucial for identifying determinants of response, however, progress has been hindered by limited access
to patient samples and scarcity of relevant preclinical models. Here, we developed two mouse melanoma BrM mod-

els by intracardiac injection of cells derived from our previously established M4-B2905 melanoma mouse cell line. We
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characterized their mutational landscape and performed single-cell phenotypic and transcriptomic analysis, demon-
strating that these models recapitulate the cellular and molecular features of human melanoma BrMs. Comparative
and interactome analysis of our models revealed key factors contributing to ICB response and resistance. We found
that the responsive model (BR1) was characterized by tumor cells that polarize microglia toward reactive states via in-
flammatory programs and response to IFN signaling. These microglia express high levels of antigen presentation and
immunostimulatory molecules, triggering T cell recruitment and activation and promoting ICB therapy response. In
contrast, in the resistant model (BR3), the tumor cells express neurological molecular signatures and ligands that
sustain microglia homeostasis. This results in poor T cell infiltration predominantly composed of naive cells, evad-
ing immune reaction and promoting ICB resistance. While we showed that systemic ICB therapy induced BrTME
changes in both models, differences between responder and resistant models were maintained, emphasizing the im-
portance of tumor cell-intrinsic programs in dictating the B'TME. We validated the translational relevance of our
findings and demonstrated that BR1 signatures positively correlate with T cell infiltration and are associated with
improved patient outcomes, whereas BR3 signatures negatively correlate with T cells and are found in patients with
worse prognosis. Here we address an important challenge in the field by providing clinically relevant BrM models
recapitulate both the cellular and molecular features of human disease and the variability of ICB response seen in
patients. We further reveal mechanistic insights into BrM ICB response and identify potential therapeutic targets to
modulate the BrTME.

269



ABSTRACT Poster #37 - Tuesday

Keywords: Cancer Immunology

An unexpected inhibitory role for CD3(eta ITAMs: implications for TCR signal-

ing and application to tumor immunotherapy.

« Presenter: Guillaume GAUD

. Authors: Guillaume Gaud', Sooraj Achar®*T, Francois X. P.
Bourassa®*, John Davies®**, Teri Hatzihristidis!, Seeyoung
Choi!, Taisuke Kondo®, Selamawit Gossa®, Jan Lee!, Paul Juneau”,
Naomi Taylor®, Christian S. Hinrichs*, Dorian B. McGavern®, Paul

Franxcois®*, Grégoire Altan-Bonnet?, Paul E. Love!:*

- Affiliation(s): 1. Section on Hematopoiesis and Lymphocyte Bi-
ology, Eunice Kennedy Shriver, National Institute of Child Health
and Human Development, Bethesda, MD, USA. 2. Immunody-
namics Section, Laboratory of Integrative Cancer Immunology,
Center for Cancer Research, National Cancer Institute, Bethesda,
MD, USA. 3. Département de Biochimie et Médecine Molécu-
laire, Université de Montréal, Montréal, QC, Canada. 4. Geni-
tourinary Malignancies Branch, Center for Cancer Research, Na-
tional Cancer Institute, Bethesda, MD, USA. 5. Pediatric Oncol-
ogy Branch, Center for Cancer Research, National Cancer Insti-
tute, Bethesda MD USA 6. Viral Immunology & Intravital imaging
section, National Institute of Neurological Disorders and Stroke,
Bethesda, MD, USA. 7. NIH Library, Office of Research Ser-
vices, National Institutes of Health, Bethesda, Maryland. {Nuffield
Department of Orthopaedics, Rheumatology and Musculoskeletal
Sciences, Kennedy Institute of Rheumatology, University of Ox-
ford, Oxford, UK. xMILA Québec, Montréal, QC, Canada. % Cur-
rent address: Department of Safety Assessment, Genentech, Inc.,
1 DNA Way, South San Francisco, CA, USA.

Abstract:

Harnessing T Cell antigen Receptor (TCR) signaling is a promising new approach for cell-based cancer therapies. Cur-
rent strategies to improve Adoptive Cell Therapies (ACT) include attempts to increase the affinity or signaling potency
of the TCR, as most tumor-associated somatic neo-antigens are poorly immunogenic. TCR signaling is mediated by
conserved tyrosine-based motifs (ITAMs) contained within the cytoplasmic domains of the invariant CD3 subunits.

The subunit configuration of the TCR results in a total of 10 ITAMs. The reason for such striking ITAM multiplicity,
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which is unique among immunoreceptors, is unclear. We generated a "knock-in’ mouse model where the wild type
CD3( chain (6Y) could be substituted for a signaling defective CD3( chain (6F) that contains tyrosine (Y) to phenylala-
nine (F) mutations of each of the three ITAMs following Cre-mediated recombination, resulting in loss of function
of 6/10 TCR ITAMs. Surprisingly, when stimulated with low affinity ligands, CD8 T cells expressing CD3(-6F TCRs
elicited stronger signaling responses than CD3(-6Y TCRs, suggesting that the wild-type CD3( ITAMs inhibit T cell
activation by low affinity ligands. Since most tumor antigens bind with low affinity to the TCR, the effect of CD3(-6F
on TCR signaling may be particularly beneficial for anti-tumor responses. We tested the ability of OT1 CD3(-6F CD8
T cells to kill B16F10 melanoma cells that express different ovalbumin derived APLs. OT-1 CD3(-6F CD8 T cells exhib-
ited significantly better tumoricidal activity against B16F10 melanoma cells expressing the lower affinity ovalbumin
ligands compared to OT-1 CD3(-6Y CD8 T cells. To mimic a more translational approach, we transduced OTI CD8
T cells with retroviruses encoding CD3(-6F. Strikingly, TCR signaling and tumoricidal activity were dramatically in-
creased suggesting that "knockdown’ of endogenous CD3( may not be required for the CD3(-6F enhancing effect on

TCR signaling.
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Abstract:

Diffuse large B cell lymphoma (DLBCL) is a clinically aggressive and heterogenous disease that is thought to be de-
rived from germinal center (GC) B cells or cells that have recently passed through the GC reaction. Recent efforts to
deconvolute this heterogeneity have defined subclasses of DLBCL based on distinct genetic alterations found within
a given tumor. The MCD genetic subclass is enriched for gain-of-function mutations in MYD88 and CD79B. Patients
with MCD DLBCL have unfavorable clinical outcomes necessitating a greater understanding of the pathogenesis of
this disease. The cell-of-origin for MCD DLBCL is controversial, several recent studies have suggested that MCD
arises from rare, atypical memory B cells that express the transcription factor T-bet (encoded by Tbx21) whereas other
groups have argued that GC B cells are the cell-of-origin for MCD DLBCL. We tested whether expression of T-bet in
GC B cells and their progeny was required to support tumor formation in an autochthonous mouse model of MCD
DLBCL that conditionally expresses four distinct genetic lesions associated with this DLBCL subclass. We found that
in the absence of T-bet there was expansion of GC B cells and loss of atypical memory B cells. Surprisingly, MCD mice
lacking T-bet showed increased mortality compared to T-bet sufficient MCD mice. Current studies are aimed at de-
termining whether this increased mortality is due to increased tumor development and, if so, to define the molecular
basis of the tumor suppressive effect of T-bet in GC B cells. Our study will clarify whether atypical memory B cells are
arequired differentiation state in order to develop MCD DLBCL in vivo and also more clearly define the cell-of-origin
of this genetic subclass of DLBCL.
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Abstract:

Breast cancer is the most frequently diagnosed cancer for women in the US; however, with the development of human
epidermal growth factor receptor 2 (HER2) targeted therapies, patient outcomes for HER2-positive breast cancer have
greatly improved [1]. Triple-negative breast cancer (TNBC) accounts for approximately 15% of all breast cancers and is
characterized by a lack of expression of the estrogen receptor, progesterone receptor, and HER2 [2]. TNBC does not
respond to hormonal therapy or anti-HER2 targeted therapy [2]. Thus, finding an alternative strategy to treat TNBC
has been an unmet need. The FDA has recently approved sacituzumab govitecan (SG) ADC for TNBC [3, 4]. This ADC
is comprised of a human trophoblast cell-surface antigen 2 (Trop-2) targeting antibody (RS7) that is linked to the
topoisomerase inhibitor SN38, which damages DNA, triggering apoptosis [5]. From a product quality perspective,
SG ADC exhibits several key characteristics, including a high drug-to-antibody ratio (DAR) and hydrolytic linkers.
Furthermore, this ADC exhibits distinct mechanisms of action, such as the potential to mediate the bystander effect
by releasing the payloads (SN38) outside the targeted cells. In our study, we sought to determine the mechanisms of
action of SG, while also developing novel bioassays that would enhance our understanding of the ADCs, especially
those that are based on the novel strategies like SG. We investigated the potency of SG in several breast cancer cells
with varying degree of Trop-2 expression. Our data show that SG mediated killing of breast cancer cells does not
correlate with the levels of Trop-2 and exhibited strong anti-tumor activity in MDA-MD- 231 cells that essentially
lacks Trop-2 expression. Further immunofluorescence studies show that SG is not internalized in MDA-MB-231 cells,
indicating that the payload of SG is released outside of cancer cells and SG-mediated killing of MDA-MB-2311is through
the bystander effect. Additionally, we found that SG can downregulate topoisomerase I and activate DNA damage
marker, phosphor-H2A.X in MDA-MB-231 cells, further confirming the important role that the bystander effect plays
in SG’s anti-tumor activity in cells lacking Trop-2 expression.

References: 1. Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Fleming T, Eier-
mann W, Wolter ], Pegram M, Baselga J, Norton L. Use of chemotherapy plus a monoclonal antibody against
HER2 for metastatic breast cancer that overexpresses HER2. N Engl ] Med. 2001 Mar 15;344(11):783-92. doi:
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10.1056/NEJM200103153441101. PMID: 11248153. 2. Bianchini G. et al. Triple-negative breast cancer: challenges and
opportunities of a heterogeneous disease. Nat Rev Clin Oncol. 2016;13:674-690. 3. Rugo HS, Bardia A, Marmé F,
Cortés ], Schmid P, Loirat D, Trédan O, Ciruelos E, Dalenc F, GA*mez Pardo P, Jhaveri KL, Delaney R, Valdez T, Wang H,
Motwani M, Yoon OK, Verret W, Tolaney SM. Overall survival with sacituzumab govitecan in hormone receptor- pos-
itive and human epidermal growth factor receptor 2-negative metastatic breast cancer (TROPiCS-02): a randomised,
open-label, multicentre, phase 3 trial. Lancet. 2023 Oct 21;402(10411):1423-1433. d0i:10.1016/S0140-6736(23)01245-X.
Epub 2023 Aug 23. PMID: 37633306. 4. Bardia A, Hurvitz SA, Tolaney SM, Loirat D, Punie K, Oliveira M, Brufsky A,
Sardesai SD, Kalinsky K, Zelnak AB, Weaver R, Traina T, Dalenc F, Aftimos P, Lynce F, Diab S, Cortés J, O’'Shaughnessy
], Diéras V, Ferrario C, Schmid P, Carey LA, Gianni L, Piccart MJ, Loibl S, Goldenberg DM, Hong Q, Olivo MS, Itri LM,
Rugo HS; ASCENT Clinical Trial Investigators. Sacituzumab Govitecan in Metastatic Triple-Negative Breast Cancer.
N Engl ] Med. 2021 Apr 22;384(16):1529-1541. doi: 10.1056/NEJM02a2028485. PMID: 33882206. 5. Weiss ], Glode A,
Messersmith WA, Diamond J. Sacituzumab govitecan: breakthrough targeted therapy for triple-negative breast can-
cer. Expert Rev Anticancer Ther. 2019 Aug;19(8):673-679. doi: 10.1080/14737140.2019.1654378. Epub 2019 Aug 19. PMID:
31398063.
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Abstract:

Background: To develop effective therapies for glioblastoma (GBM), a deeper understanding of its underlying im-
munoregulatory mechanisms is needed. Invariant natural killer T (iNKT) cells are unconventional T cells that rec-
ognize lipid antigens and are known to regulate tumor immunity in other cancer types. Given the lipid-rich nature
of the brain and the unique metabolic activity of GBM cells, we hypothesized that GBM-enriched lipids could direct
iNKT cells to contribute to the immunosuppressive nature of the disease.

Methods: Lipid levels of multiple human GBM stem-like cell (GSC) lines, low grade-glioma lines, and normal hu-
man astrocytes were determined using LC/MS. GSC-enriched lipids were tested in iNKT stimulation assays, with
either human iNKT cell lines or human PBMC samples from healthy donors, to determine antigenicity and charac-
terize the nature of iNKT activation.

Results: Multiple lipid species were found to be uniquely enriched in GSCs. These lipids, including sulfatides and
lyso-sulfatide, were recognized by and activated iNKT cells in a dose-dependent manner when presented by CD1d.
Pharmaceutical and genetic targeting of the sulfatide synthetic pathway within GSCs resulted in an altered ability to
activate iNKT cells. One lipid, lyso-sulfatide, inhibited the activation of iNKT cells and suppressed activation induced
by a cognate antigen, alpha-galactosylceramide.

Conclusions: The modulation of iNKT cell functions by GSC-enriched glycosphingolipids may contribute to the
immunosuppression of GBM and highlights sulfatide production as a potential therapeutic target for GBM treat-
ment.
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Abstract:

Human papillomavirus (HPV)-driven squamous cell carcinoma (SCC) is a highly immunosuppressive malignancy of-
ten associated with dysregulated immune cell differentiation. PU.1, a transcription factor critical for myeloid cell de-
velopment, has emerged as a key regulator of immune responses within the tumor microenvironment. In this study,
we investigated how PU.1 mutations alter myeloid cell differentiation and influence tumor progression in HPV-driven
SCC. Through epigenetic regulation, transcriptomic profiling, and flow cytometric analyses, we identified mutations
in PU.1 that are associated with impaired myeloid lineage commitment, potentially disfavoring the accumulation
of CD14+ monocytes and Langerhans cells (LCs). Functional assays, complemented by in vivo studies using murine
models, suggested that PU.1 mutations may disrupt CD14+ monocyte differentiation, enhancing pro-tumorigenic
signaling and cytokine secretion. Furthermore, immunophenotyping indicated reduced antigen-presenting capac-
ity in the tumor microenvironment. These findings underscore the critical role of PU.1 in maintaining myeloid cell
homeostasis and provide a rationale for further investigations into PU.1-mediated pathways as potential therapeutic

targets to alleviate immune suppression in HPV-driven SCC.
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Abstract:

B cell malignancies are among the tumors sensitive to NK cell-mediated killing, and NK cell abundance is often pos-
itively correlated with better prognosis following antibody immunotherapy. However, B cell tumors can evade NK-
mediated immune surveillance, allowing them to persist. To uncover the genetic mechanisms driving this evasion,
we conducted a genome-wide CRISPR screen using B lymphoblastoid cells. The screen identified SPPL3, a peptidase
that cleaves glycosyltransferases in the Golgi, as a top hit facilitating resistance to NK cytotoxicity. In SPPL3-deficient
cells, glycosyltransferases and complex N-glycans accumulate, impairing the binding of ligands to NK receptors and
reducing the efficacy of rituximab, a CD20 antibody widely used in B cell cancer treatment. Notably, inhibiting N-
glycan maturation restores receptor binding and sensitizes these cells to NK-mediated killing. A secondary CRISPR
screen in SPPL3-deficient cells revealed B3GNT2, a glycosyltransferase responsible for poly-LacNAc extension, as a
key mediator of resistance. Mass spectrometry further confirmed the enrichment of N-glycans bearing poly-LacNAc
structures in the absence of SPPL3.

Together, these findings highlight the critical roles of SPPL3 and poly-LacNAc in cancer immune evasion. Our
study underscores the potential of targeting SPPL3 or N-glycan maturation pathways in cancer therapy and the im-

portance of developing glycosylation-independent antibodies to enhance the efficacy of immunotherapy.
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Abstract:

Introduction: Papillary thyroid microcarcinomas (PTMC), are tumors measuring 3x*1 cm, are usually indolent and
typically managed conservatively. Nonetheless, about 10% of PTMC cases are observed with lymph node metastases
or, in rare instances, distant metastases (M1). Understanding the molecular signatures of metastasis-prone PTMCs
could aid in developing targeted management strategies. Thus, this study aimed to analyze the transcriptome pro-
files and tumor microenvironment of both metastatic and non-metastatic PTMC. Methods: Patients diagnosed with
indolent non-metastatic (No/Nx) PTMCs and those with metastatic tumors affecting lateral neck lymph nodes or
distant sites (N1b/M1) were identified through a comprehensive review of medical records and pathology slides. RNA
sequencing was conducted on 85 tumor samples and their adjacent normal tissues, and pathway enrichment analysis
was performed using R package. Additionally, a subset of samples underwent multiplex immunofluorescence (MxIF)
staining to identify T- and B- cells, after marking the tumor regions with tissue-specific thyroperoxidase (TPO). Image
analysis was performed on whole tissue sections, tumor regions, and tumor-surrounding areas to quantify cytotoxic
T cells, B cells, and macrophages in a single-blinded manner using HALO software. We assessed differential spatial
expression using a t-test for normally distributed data and the Mann-Whitney test for skewed data, with a signifi-
cance threshold set at two-sided pix®0.05. Results: In the study cohort consisting of 17 patients from No/Nx group
and 19 presenting with N1b/M1i disease, no difference in the clinical characteristics, viz. age, gender, median tumor
size, etc. was found between the groups. In primary tumors from the N1b/M1 group, several pathways related to B
cell activation were significantly downregulated compared to the No/Nx group, including those for immune response
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activation and antigen receptor signaling (all p < 0.001). However, multiplex immunofluorescence (MxIF) analysis re-
vealed no differences in B cell infiltration (CD20+/CD8a-) in the tumors (p = 0.43) or their rims (p = 0.92). In contrast,
the N1b/Mi group had a significantly higher number of cytotoxic T cells (CD8a+/CD20-) in the tumor rims compared
to the No/Nx group (p =0.007). Conclusion: Metastasis-prone PTMC exhibits a distinct immune landscape compared
to the classic indolent variant, showing increased cytotoxic T cell infiltration at tumor edges and reduced activation
of B cells. GeoMx DSP experiments are underway to identify immune cells and their interactions with cancer cells

that may contribute to the metastatic potential in certain PTMCs.
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Abstract Text:

Abstract:

Immunophenotyping, or identifying specific functional immune cell subtypes based on external/internal markers,
has been a workhorse for the fieldimmunology. In particular, flow cytometry leverages the use of ever-larger pan-
els of fluorophore-conjugatedantibodies and single-cell acquisition to deliver deep phenotyping at scale. However,
preparing and optimizing large antibody panels can be time-consuming, error-prone and costly Simultaneously, in
the context of high-dimensional flow cytometry, one must prepare single-dye controls and test antibody dilutions
before each experiment to ensure proper signal, correct unmixing/compensation and adequate antibody. Finally,
keeping extensive lab-specific inventories for the antibodies is critical to ensure comparable datasets and minimize
loss between experiments. To address these limitations, our lab is developing a simple, scalable approach to automate
the preparation of dyes using the widespread Opentrons platform (an open-source based liquid handler). Our new
approach has integrated Opentron's onboard server with a persistent online inventory compatible with google sheets
to create antibody panels that can maintain consistency with real-world volumes of stock for up to 200 thousands
unique entries. We programmed a Python-based computer applet to interface with the OT-2 platform and to create
and save panels of any length in a tabular format.The applet initiates a protocol that can update panel-to-panel and
allows the user to insert the chosen antibodies. The applet then is able to calculate the overall volume and dilutions
from the ratios provided by the panel input and even perform secondary dilutions or exclude antibody volumes below
the nominal accuracy of the machine. All panels live-volume monitoring approach allows panels that do not require
oversight to be created and can be stopped mid-dilution while still updating volume usage of the inventory. The applet
also has tools for inventory management such as webscrapers for popular antibody suppliers and panel creators that
allows panel creation in the inout format directly from available inventories. Overall, our robotic platform alleviates
the many vagaries of panel design, preparation and maintenance to deliver on the promises of high-dimensional flow
cytometry.
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Abstract:

NK cells, the first line of defense against pathogens and cancers, recognize self-MHC-I via the inhibitory and acti-
vating receptors, Ly49 in mice, and KIRs or LILRs (Leukocyte Ig-like Receptors) in humans. Our previous studies
have shown that blockade of mouse H-2/Ly49 interactions by the pan-anti-MHC-I mAb, M1/42, activates innate and
adaptive immunity, markedly enhanced anti-viral and anti-tumor immunity and controls lung and liver metastases
resistant to checkpoint inhibitors (CTLA4, PD1/PDL1, or NKG2A) in B16F10 melanoma and pancreatic ductal adeno-
carcinoma (PDAC) models. Structural studies indicate that M1/42 and Ly49 footprints on H-2 (MHC-I) are very close
but do not overlap. In humans, we have demonstrated that two pan-HLA mAbs (Wé6/32 and DX17) block the binding
of most inhibitory and activating LILRs. Tetramer binding and structural studies demonstrate that both mAbs di-
rectly interact with the S2m site on HLA and do not block KIRs, CD94-NKG2A/NKG2C, and TCR interactions. Both
Fc-silenced mAbs activate NK cells in vitro and in vivo, enhance tumor immunity in IL-15 transgenic NSG mice, and
convert dysfunctional NK (CD16-NKp46-) cells from cancer patients to functional NK (CD16+NKp46+) cells. A Fe-
optimized humanized version of mAb Wé/32 retains both the in vitro and in vivo activity and augments anti-tumor
immunity in human stem cell-engrafted CD34+NSG-IL15 animals. Crystal structures of the interaction of human
KIRs have indicated that their binding sites overlap with the TCR binding site, suggesting that blocking HLA/KIR in-
teractions would inhibit adaptive immunity. We have re-explored the potential of blocking HLA/KIR interactions to
enhance innate immunity. Human KIRs only bind to HLA-A3/A11, HLA-Bw4, and all HLA-C antigens. mAb B1.23.2,
which has previously been shown to block KIR2DL1/S1 binding to HLA-Cw4, recognizes all HLA-B and C antigens
and most HLA-A antigens except for HLA-A2,-A68, and-A69. Our structural studies demonstrate that the B1.23.2
binding site on HLA-B (HLA-B*44:05) partially overlaps with the TCR binding site, and B1.23.2 can inhibit the TCR-
restricted activation of mutant KRAS G12D-specific HLA-C*08:02 CD8 T cells. However, B1.23.2 also inhibits both
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KIR2D (L1/S1/L2/L3) and KIR3D (L1/L2) interactions but does not block LILRs or CD94-NKG2A/NKG2C interactions
with HLA. Furthermore, Fc-silenced B1.23.2 mAb activates human NXK cells in culture and inhibits the growth of a hu-
man pancreatic tumor cell line (KLM1) in IL-15 transgenic NSG mice. Thus, while B1.23.2 may inhibit some HLA/TCR
interactions but not those mediated by HLA-A2, its potential role as an activator of NK cells and memory T cells by

blocking HLA/KIR interactions is worthy of further study, particularly for the treatment of metastatic disease.
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Abstract:

Background: Complement-fixing monoclonal antibodies (mAbs) targeting CD20 and CD38 have been successfully
used as single agent therapeutics in the treatment of human B-cell malignancies. However, most patients subse-
quently relapse or become refractory to treatment and loss of target antigen from the tumor cell surface via trogocy-
tosis has been validated as one of the reasons for treatment failure. Therefore, there is an unmet need to overcome
such limitations and improve clinical outcome. The activation of complement system by mAb results in the depo-
sition of complement protein C3 fragments on the tumor cell surface where the terminal component, C3d remains
covalently bound. This newly acquired membrane bound C3d constitutes an actionable target, particularly when the
original target is lost during treatment. Based on these observations, we have developed C3d mAbs and demonstrated
that a combination of C3d mAbs with CD20 or CD38 mAbs enhanced the killing of tumor cells in vitro compared to
single agents, and prolonged survival of mice bearing xenografts of human lymphoma and multiple myeloma cells
lines. Aims: We investigate whether the neo-antigen C3d is also subject to trogocytosis by macrophages. Methods:
The SU-DHL-6 cell line (diffused large B cell ymphoma) was used as targets and PMA-activated THP-1 cells (mature
macrophages) as the effectors. Membrane dye (PKH67) and fluorochrome-labeled mAbs enabled detection of inter-
nalized membrane and mAbs, respectively. We used flow cytometry, AMNIS image flow and confocal microscopy
as read outs. Results: Coculturing of SU-DHL-6 cells opsonized by CD20 mAb (rituximab, RTX or ofatumumab,
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OFA) with human macrophage cell line, THP-1 resulted in significant loss of CD20 antigen ( 90%) on the target tu-
mor cells. By contrast, when SU-DHL-6 cells were opsonized in the presence of Cs-depleted normal human serum
(C58x3NHS) to deposit C3d, then cocultured with THP-1 cells, most tumor cells (70%) retained C3d on the surface,
while the rest showed reduced levels of C3d. Using AMNIS image flow cytometry of membrane labeled target tumor
cells (donor cells) and fluorescently tagged mAbs (CD20 and C3d), we observed transfer of tumor cell membranes,
together with labeled mAbs through trogocytosis into acceptor THP-1 cells. Consistent with these findings, confocal
microscopy showed internalization of CD20 mAb and tumor cell membranes into THP-1 cells. Summary and con-
clusions: Antibody-dependent trogocytosis and consequent antigen-loss of cell surface deposited C3d is significantly
reduced compared to trogocytosis of CD20. C3d mAbs, enable repeat targeting of complement-bound cancer cells,
and thereby can increase efficacy of complement-fixing mAbs. This provides a rationale for mAb combination ther-
apy that we aim to translate to clinical applications.. Additionally, we seek to identify the cellular structures bound by
C3d, and compare efficacy of phagocytosis of C3d mAbs to CD20 and CD38 mAbs.
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« Authors: Jiro Sakai (1), Mustafa Akkoyunlu (1)
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Abstract:

OBJECTIVE: Neonates and infants are highly susceptible to pneumococcal diseases due to their suboptimal immune
responses to pneumococcal vaccines compared to adults. B lymphocytes have a central role in humoral immunity
to immunization and infection, and antigen recognition by B cell receptors (BCRs) is essential for the activation and
differentiation of B lymphocytes. Neonatal B cells, however, do not respond to BCR activation as robustly as adult cells
do. Our hypothesis is that unique features of neonatal BCR signaling may be contributing to suboptimal humoral
responses.

METHODS: Splenic B cells purified from neonatal and adult mice were stimulated in vitro with anti-mouse IgM
F(ab)2 to crosslink BCRs. Properties of activated cells were assessed by RNA sequencing, western blotting, ELISA,
and quantitative PCR. Small molecule inhibitors and small interfering RNA were used to identify signaling molecules
downstream of neonatal BCRs.

RESULTS: We found that BCR-mediated STAT5 phosphorylation induced rapid IL-6 production, which in turn
activated STAT3 in an autocrine or paracrine manner. Moreover, autocrine IL-6-induced STAT3 activation led to the
production of anti-inflammatory cytokine, IL-10. Neonatal B cell-derived IL-10 potently suppressed TNF-a produc-
tion by macrophages.

CONCLUSIONS: Our studies unveiled the essential role for BCR-induced autocrine IL-6 signaling in IL-10-
mediated immunosuppressive functions of neonatal B cells.
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Establishment of a robust in vitro experimental system for generation of TFH

cells from adult and neonatal mouse CD4 ™ T cells.
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Abstract:

The inability of neonates to develop CD4™ Foxp3-CXCR5+PD-1+ T follicular helper (TFH) cells contributes to their weak
vaccine responses. Co-injection of IL6 with a pneumococcal conjugate vaccine (PCV) suppresses TFH cell expansion
in neonatal mice. This is in sharp contrast to adults, where IL6 improves vaccine responses by downregulating the
expression of IL2R3 on TFH cells, thereby protecting them from the inhibitory effect of IL2. Recently, we showed that
unlike in adults, IL6 enhances the activity of IL2 and its receptors on neonatal TFH cells, thereby suppresses immune
response to vaccines. Here, we developed an in vitro system to differentiate TFH cells from adult and neonatal CD4™
T cells to study differential role of IL6. For this study, we adapted established protocols for the in vitro generation of
TFH -like cells using plate-bound anti-CD3/CD28 in combination with blocking antibodies and cytokines. TFH cell
differentiation was analyzed by flow cytometry. Our data shows that recapitulating the in vivo results, addition of
IL6 robustly induces the differentiation of murine adult CD4™ T cells to TFH cells under TFH polarizing conditions.
In contrast to adults, in neonates, removal of IL6 improves TFH differentiation. Our data also suggests that the ef-
fect of IL6 on TFH differentiation is mediated via regulation of CXCR5 expression. IL6 improves TFH in adults by
downregulating the expression of IL2 receptors, IL2Ra and IL2R3; In neonates, removal of IL6 suppressed IL2 recep-
tor expression, thereby leading to improved TFH differentiation. Additionally, confirming the suppressive activity
of IL2, addition of exogenous IL2 resulted in decreased TFH differentiation in adults. The in vitro system we devel-
oped allows the generation of TFH cells that captures in vivo attributes of TFH cells in both adults and neonates. This
method will facilitate further research to study TFH cells, especially those that require a large amount of TFH cells.
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Pathway enrichment analysis identifies the FOXO pathway as essential for T cell

licensing
« Presenter: Guangpu Shi
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Abstract:

Ithaslong been known that during induction of autoimmune central nervous system (CNS) inflammation in animals
by adoptive transfer of antigen-specific CD4 T cells, clinical and histological changes do not develop immediately after
cell transfer; instead, there is a latent period of at least three days, regardless of the number of cells injected. Odoardi
et al. (2012) suggested that this latent period involves a process of ”T cell licensing?”, during which antigen-specific
CD4 T cells acquire pathogenicity. They reported that the transferred T cells accumulated in the lung, where they
underwent significant changes in gene expression to facilitate invasion of the CNS. We recently performed Pathway
Enrichment Analysis on Odoardi et al.’s published data using the most updated tools and databases. Our analysis
points to the FOXO pathway as a critical player in the process of T cell licensing. This pathway appears to mediate a
phenotype change during the licensing process, wherein the transferred cells switch from a proliferative phenotype
to a proinflammatory phenotype with upregulated expression of Sipr1 and IL7r. The data is compatible with the in-
terpretation that the licensed CD4 T cells use Sipr1 to egress from the lung into the blood stream, permitting them
to target the CNS. Of note, IL7r has been associated with an increased risk of human multiple sclerosis. An in-depth
analysis of this pathway may enhance our understanding of the mechanisms underlying the phenomenon of T cell

licensing.
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Anovel and human-specific CD46-SP1axis regulates gene transcriptionand HIV

expressionin CD4" T cells
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Abstract:

Signaling events mediated by the human-specific complement regulator and receptor CD46 are vital coordinators
of the metabolic gene program underlying normal monocyte activation and Th1 immunity. Perturbations in CD46
signals therefore are associated with several disease states, including recurrent infections, autoimmunity, and cancer.
The molecular mechanism by which CD46 controls cellular gene transcription is unknown. Here, we demonstrate that
the cleaved, intracellular signaling domain of CD46 interacts with the transcription factor specificity protein1(Sp1) in
human CD4 T cells to dynamically modulate Sp1-DNA interactions. Specifically, CD46-Sp1-controlled gene programs
sustain naive CD4 T cell survival through tonic suppression of the death Caspase-3 machinery and, concurrently,
enable initiation of the IFN-ix$ production pathways. Furthermore, the CD46-Sp1 axis also restrains transcription
of integrated human deficiency virus type 1 (HIV) in human CD4 T cells, indicating an unexpected role for CD46 in
HIV infection. Our findings add important insights into human-specific aspects of complement and T cell biology
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and provide a tangible opening to define novel physiological and pathophysiological roles of CD46 across cells and
diseases.
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PI3Kdelta coordinates transcriptional, epigenetic and metabolic changes to pro-
mote effector CD8 T cells differentiation during acute and chronic viral infec-
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Abstract:

Activated PI3K-delta syndrome 1 (APDS1) is a primary immunodeficiency caused by heterozygous activating muta-
tions of PIK3CD, resulting in dysregulated immunity, recurrent infections and lymphoproliferation, yet underlying
mechanisms behind these phenotypes remain unclear. Using APDS1 patient samples and Pik3cdE1020K/+ mouse
model, we evaluated CD8™ T cell function in vitro and in response to acute viral infections, assessing cellular phe-
notypes, metabolism, gene expression and chromatin organization. Pik3acdE1020K/+ CD8™ T cells exhibited acceler-
ated differentiation to short-lived effectors, associated with increased Fas-mediated apoptosis due to sustained FoxO1
phosphorylation and Fasl derepression. Pik3cdE1020K/+ CD8™ T cells display increased activation of mTORC1 and
c-Myc pathways, as well as metabolic perturbations, and altered transcriptional and epigenetic circuits characterized
by a pronounced IL-2/STAT5 signature concomitant with heightened IL-2 responses that prevented IL-15 differenti-
ation to memory-like cells in vitro. Moreover, Pik3cdE1020K/+ CD8™ T cells failed to sustain expression of proteins
critical for maintenance of long-lived memory cells, including TCF1, and mounted inadequate central memory dif-
ferentiation in vivo. In response to chronic viral infection, Pik3cdE1020K/+ mice showed increased mortality, yet the
surviving mice recovered more rapidly than WT counterparts. Pik3cdE1020K/+ mice failed to sustain a TCF1+ Ly108+
stem-like progenitor CD8* T cell population, with a simultaneous reduction in CD8™" T cells displaying an exhausted
phenotype. However, Pik3cdE1020K/+ mice exhibited an expansion of CX3CR1+ effector CD8™ T cells associated with
increased cytokine production as well as viral clearance. Adoptive transfer of antigen-specific cells established that
there were both the cell intrinsic and extrinsic mechanisms propelling the Pik3acdE1020K/+ CD8* T cells towards
an effector-like state. We further found that Pik3cdE1020K/+ CD8™ T cell display a robust sensitivity towards IL-21
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with heightened and sustained pSTAT3 and increased cell survival. In addition, Pik3cdE1020K/+ CD8™ T cells with
a terminally exhausted phenotype displayed increased effector function and exhibited plasticity to differentiate into
effector-like cells in vivo. Our data position PI3Kix* as a central hub integrating multiple signaling nodes that pro-
mote an accelerated effector T cell program. Together, these data provide insight into the cellular phenotypes observed
during chronic antigen exposure and potential mechanisms by which to reinvigorate CD8™ T effector-like cells.

This work was supported by the Intramural Research Program of NIAID, NIH.
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Immunity-related GTPase family M member 1 equips Treg with maximal func-
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Abstract:

T regulatory (Treg) cells are present in both immune and non-immune organs and perform vital roles in a variety
of organ systems. Tregs can modify their phenotype to fit the needs of individual tissues, hence defining their or-
gan niche-specific function. These consist of tissue-adapted transcriptomes, expression of tissue-specific growth
and survival factors, and restricted T cell receptor (TCR) repertoires. The phenotypic responses of Treg to pathogenic
challenge, which are often typified by acute but time-limited inflammatory and interferon-replete tissue microenvi-
ronments, are, nevertheless, poorly understood. Tregs play a crucial role in these situations by suppressing over-
reactive immune responses and promoting tissue regeneration. We mined public datasets to find genes associ-
ated with phenotypic adaptations to pathogenic challenge following Listeria infection. We discovered immunity-
related GTPase family M member 1 (Irgmi), an established interferon-stimulated gene, as a putative signaling node
in Treg. To interrogate Irgm1 in the context of Treg biology, we generated mice with a Treg-specific deletion of Irgm1
(Irgmi[fx/fx]Foxp3[Cre]). These mice were fertile, produced viable offspring, and did not exhibit any weight dispar-
ities. However, at homeostasis, Irgmi[fx/fx]Foxp3[Cre] mice exhibited a higher percentage of effector (CD44+) Treg
subsets, as well as higher proliferation (Ki-67), enhanced memory (CD44+), and elevated IFN-yamma production in
both CD4™" and CD8™ T cells when compared to controls. After Listeria infection, Irgmi[fx/fx]Foxp3[Cre] mice expe-
rienced heightened weight loss compared to WT controls, but did not differ in their T cell memory response. In addi-
tion, using in vitro T cell assays, we determined that Treg from Irgm1[fx/fx]Foxp3[Cre] mice have reduced suppressive
ability and lose expression of the Treg lineage-defining transcription factor Foxp3 more readily than Treg from WT
mice. Overall, we identify Irgmi as a cell-intrinsic regulator of Treg function in interferon-replete pathogenic envi-

ronments.
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Critical role of Helios in the differentiation of T conventional memory cells
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Abstract:

The transcription factor Helios is highly expressed in regulatory T cells (Treg) and in a subset of CD4"CD44hi T con-
ventional (Tconv) memory cells. Mice with Foxp3°™ deletion of Helios develop systemic autoimmunity characterized
by hyperproliferation of T cells and autoimmune lipodystrophy. Conversely, mice with CD4¢™ deletion of Helios do
not exhibit overt signs of autoimmunity, indicating an important role for Helios in Tconv. To explore the role of Helios
in memory T cell subsets, we performed single-cell transcriptome analysis on CD4"CD44hiFoxp3- splenocytes from

wildtype and knockout CD4¢"

mice. Cross-sectional comparison revealed substantial differences in cluster compo-
sition and gene expression. Notably, SOSTDC1, a secreted antagonist of the Wnt-3-catenin signaling pathway, was
markedly reduced in memory-like clusters from KO mice. As the Wnt pathway is known to arrest the development of

CD8™ T cells into effector cells, and since autoimmune lipodystrophy in Helios/® x Foxp3©*e

mice is predominantly
mediated by CD8™ T cells, we also performed scRNA-seq analysis of CD8" memory cells from wildtype and knockout
CD4°™ mice. Memory cell cluster composition was markedly different between the two strains, with an increase in
the percentage of exhausted cytotoxic effector-like cells in the Helios™/fl x CD4°™ mice. At steady state, splenocytes
from Helios™/fl x CD4°™ mice express greater TCF-1, a transcription factor downstream of Wnt signaling that plays a
role in self-renewal. Knockout splenocytes also demonstrate increased expression of inhibitory receptors such as PD-
1and LAG-3, associated with an exhausted phenotype. These findings suggest that the Helios-mediated regulation of
Whnt signaling targets in CD4" and CD8' memory cells may redirect the differentiation and alter the functionality of
memory T cells.
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Keywords: Immune regulation

Investigating cation channels in splenic and bone marrow plasma cells

Abstract:

Plasma cells are terminally differentiated B-lineage cells that are solely responsible for the synthesis and secretion of
antibodies. Most plasma cells reside at barrier sites, where they can secrete antibody for transport across epithelial
barriers into mucosal sites or breast milk. Interestingly, there are two primary niches that contribute to serum an-
tibody, the spleen and the bone marrow. Both spleen and bone marrow contain substantial numbers of long-lived
plasma cell populations that maintain serum antibody titers after infection or immunization. Why two niches exist
to maintain serum antibody titers and why only some antibody titers sometimes wain over time after immunization
remains unresolved. We are interested in understanding the survival factors that maintain plasma cells at different
niches to better understand basic plasma cell biology and potential therapeutic strategies to address incurable plasma

cell diseases like multiple myeloma.

« Presenter: Nathan Swanbery

« Authors: Nathan ]. Swanbery (1,2,3), Marieke Lavaert (2), Zainul

Hasanali (3,4), Jennifer Londregan (1,3), Susannah C. Shissler (2),
Michael J. Kruhlak (5), Arundhoti Das (2), Masaki Ishikawa (2,3,6),
Nicolas Cuburu (7), Yongge Zhao (2), Stanley Adoro (8), David All-
man (3) and Avinash Bhandoola (2)

. Affiliation(s): (1) Immunology Graduate Group, Perelman School

of Medicine at the University of Pennsylvania, Philadelphia, PA,
USA, (2) Laboratory of Genome Integrity, Center for Cancer Re-
search, National Cancer Institute, National Institutes of Health,
Bethesda, MD, USA, (3) Department of Pathology and Laboratory
Medicine, Perelman School of Medicine at the University of Penn-
sylvania, Philadelphia, PA, USA, (4) Division of Hematology Oncol-
ogy, Perelman School of Medicine at the University of Pennsylvania,
Philadelphia, PA, USA, (5) CCR Confocal Microscopy Core Facility,
Laboratory of Cancer Biology and Genetics, National Cancer Insti-
tute, National Institutes of Health, USA, (6) Laboratory of Molec-
ular Immunology, Immunology Center, National Heart, Lung and
Blood Institute, National Institutes of Health, Bethesda, MD, USA,
(7) Laboratory of Cellular Oncology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda, Maryland, USA, (8) Labora-
tory of Experimental Immunology, National Cancer Institute, Na-
tional Institutes of Health, Bethesda, Maryland, USA

294



Recent work in the Allman and Bhandoola labs identified that P2rx4 on plasma cells senses extracellular ATP re-
leased by Panx3-expressing osteoblasts. Mice without P2rx4 or Panx3 lack bone marrow plasma cells. Inhibiting P2rx4
with the specific antagonist 5-BDBD induces ER stress, the unfolded protein response, and cell death in bone marrow
plasma cells. Splenic plasma cells remain unaffected by these treatments, providing us unique models to test differ-
ences between the P2rx4-dependent bone marrow and P2rx4-independent splenic plasma cells. We are interested if
P2rx4-dependent bone marrow plasma cells are specialized to support survival in the bone marrow or perhaps greater

functional output, or if splenic plasma cells have additional cation channels that mediate the same function as P2rx4.
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Abstract:

HLA-E isanonclassical HLA class I molecule essential for immune regulation through interactions with CD94/NKG2A
(inhibitory) and CD94/NKG2C (activating) receptors on NK and a subset of T cells. Unlike classical HLA molecules,
HLA-E binds a limited set of epitopes, which are derived from HLA class I signal peptides (SPs). Polymorphism in
HLA class I SPs and the 107R/G dimorphism in HLA-E have been shown to affect HLA-E cell surface expression lev-
els. However, additional factors, such as transcriptional regulation, may impact the amount of HLA-E on the cell
surface. To investigate this, we performed qPCR and flow cytometry in B-lymphoblastoid cell lines (BLCLs) and pe-
ripheral blood mononuclear cells (PBMCs) isolated from 64 and 67 donors, respectively. No correlation was observed
between HLA-E mRNA levels and cell surface expression in either BLCLs or PBMCs. These findings suggest that post-
transcriptional mechanisms, such as HLA-E-peptide complex assembly or trafficking, may be the primary driving

factors in differential HLA-E surface expression.
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flammation in Macrophages During Mycobacterium Tuberculosis Infection
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Abstract:

Introduction: Mycobacterium tuberculosis (MTB) manipulates host immune metabolism, notably inducing the War-
burg effect in macrophages to evade immune clearance. Acyl-CoA synthetase long-chain family members (ACSLs)
modulate lipid metabolism and may influence these immunometabolic shifts. This study investigates the role of
ACSL1 in HKMT-induced metabolic reprogramming and inflammatory responses in macrophages. Methods: THP-1
monocytes were differentiated into macrophages and treated with heat-killed Mycobacterium tuberculosis (HKMT).
Gene expression of ACSL family members was assessed via qPCR. ACSL1 protein levels were confirmed by Western
blotting. Pharmacological inhibition of ACSL1 was performed using Triacsin C (12 1%M). Inflammatory cytokine
expression (HLA-DR, CD11b, CCL3, CCL4, MCP-1, IL-13, IL-6) was evaluated using flow cytometry and ELISA. NFxB
pathway activation was measured in THP-Blue cells expressing a SEAP reporter. Metabolic markers associated with
the Warburg effect (FASN, HADHA, CPT1, PCK2, LDHA, PKM) were analyzed at the mRNA and protein levels. Glucose
uptake and ATP content assays assessed functional metabolic changes. Reactive oxygen species (ROS) production and
mitochondrial membrane potential were also evaluated. Results: HKMT treatment upregulated ACSL1 expression in
a dose-dependent manner and downregulated ACSL6, with no significant effect on ACSL3, ACSL4, or ACSLs. Triac-
sin C-mediated inhibition of ACSL1 significantly reduced the expression of inflammatory cytokines HLA-DR, CD11b,
CCL3, CCL4, and MCP-1 without affecting IL-153 or IL-6 levels. ACSL1 inhibition attenuated HKMT-induced NFxB
activation. Metabolic analysis revealed that HKMT induced a Warburg-like effect characterized by decreased FASN,
HADHA, and CPT1, and increased PCK2, LDHA, and PKM expression. Triacsin C treatment reversed these effects,
increasing CPT1 and FASN while decreasing LDHA and PKM levels. Functionally, HKMT-stimulated macrophages
exhibited enhanced glucose uptake and reduced ATP content, both of which were normalized by ACSL1 inhibition.
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Additionally, Triacsin C reversed HKMT-induced ROS production and restored mitochondrial membrane potential.
Conclusion: ACSL1 plays a pivotal role in HKMT-induced metabolic reprogramming and inflammatory responses
in macrophages. Inhibition of ACSL1 with Triacsin C attenuates the Warburg effect, reduces pro-inflammatory cy-
tokine production, and restores mitochondrial function. Targeting ACSL1 may represent a novel therapeutic strategy
to enhance macrophage function and improve host defenses against MTB infection.

298



ABSTRACT Poster #57 - Tuesday

Keywords: Immune regulation

Disrupted cDCz2 subsets balance contribute to lupus pathogenesis
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Abstract:

Conventional dendritic cells (cDCs) are professional antigen-presenting cells that orchestrate the adaptive immune
response. cDCs comprise phenotypically and functionally diverse subsets, including ¢DCis and cDC2s. The cDC2
population is further subdivided into DC2a (ESAM4<° DC2) and DC2b (ESAM&x» DC2 and DC3), though their inter-
relationships in the context of autoimmunity remain unclear. In mouse models of toll-like receptor 7 (TLR7)-driven
lupus and chronic graft-versus-host disease (¢cGVHD), an imbalance in cDC2 subsets has been observed, with an in-
crease in DC2b (particularly DC3) and a corresponding decrease in DC2a. The DC2b/DCz2a ratio correlates with the
proportions of germinal center B cells (GCB), age-associated B cells (ABC), and plasma cells (PC), which contribute
to autoantibody production. Type I interferon pathway activation appears to play a role in disrupting cDC2 subset
balance. This is supported by TLR7-induced lupus using IFN« receptor 1 KO mice, which show comparable DC2a
and DC2b ratios to PBS-treated controls. Similarly, in systemic lupus erythematosus (SLE) patients, peripheral blood
analysis reveals altered cDC2 compartmentalization, characterized by an increased proportion of inflammatory DCs
(CD1632x°CD144°CD54x» DC3) and a corresponding decrease in CD52<° DC2 cells compared to healthy controls.
Klf4 /%1 CD11c ©* mice shows a reduction in splenic DC2b and its precursors, along with a decreased DC2b/DC2a ra-
tio. Notably, Klf4 deficiency ameliorates TLR7-driven autoimmune pathology, as evidenced by improved survival rates
and reduced serum IgG levels. These findings underscore the importance of the cDC2 compartment in autoimmune

responses, with an imbalance favoring DC2b over DC2a emerging as a driver in disease pathogenesis.
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Abstract:

The gut immune system is designed to cope with the challenges from constant food and microbial antigens, and reg-
ulatory T cells (Tregs) are highly involved in this intricate system to maintain gut homeostasis. Innate lymphoid cells
(ILCs), in a concerted manner with the T cells, also play a major role in gut maintenance, and naturally Tregs could reg-
ulate gut ILCs. Still, there’s little knowledge on how ILCs could influence gut Treg biology. Naive CD4 T cell transfer
to Rag-deficient mice let us study the inflammatory bowel disease (IBD) in mice and led to many significant discover-
ies, including the importance of Tregs in IBD. Here, we sought to investigate whether ILCs could affect the induction
of peripheral Tregs (pTregs) from the transferred naive CD4 T cells, and further delineate the link between the ILCs
and the Tregs in the gut. Surprisingly, we discovered that Rag-IL2R~y-KO (DKO) recipients showed enhanced pTreg
induction after naive CD4 T cell adoptive transfer compared to Rag-KO recipients. Microbial standardization using
littermates confirmed that microbiome did not significantly affect the differential pTreg induction between Rag-KO
and DKO recipients Because DKO mice do not have lymph node structure, bone marrow (BM) chimera was generated
with Rag-KO BM on DKO recipient, and it was shown that the presence of lymphoid structures did not account for
the differential induction of pTregs. Since these findings implied that a specific subset(s) of ILC was blocking pTreg
induction in RAG-KO, directly or indirectly, we performed naive CD4 T cell transfer experiments on various settings
with or without ILCs. NK cells, and especially IFN-a?, are known effectors of IBD and likely to suppress ROR~t+ Treg
induction. However, we found out that the presence of NK cells was not required nor sufficient to suppress pTreg in-
duction in this T cell transfer model of IBD. Moreover, IFN-o’ signaling on the donor T cells was not required for pTreg
induction or its suppression It has been recently reported that ILC3s or ILC3-like cells, with their antigen-presenting
ability, could influence pTreg induction in the gut. Also, considering that ILC2s in Rag-KO mice are activated with
higher MHC-II molecule expression, these subsets of ILCs could be regulating the pTreg generation from the adop-
tively transferred naive CD4 T cells. Nonetheless, we confirmed that neither ILC2 nor ILC3 were required to suppress

pTreginduction. However, we were able to show that Tbet+ cells within Rag-KO mice, supposedly ILC1s, were required
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to suppress late pIreg induction from adoptively transferred naive CD4 T cells. We hypothesize that Tbet+MHC-1I+
cells are responsible for the suppression of pTreg induction in Rag-KO recipient mice, but further research is war-
ranted for a deeper understanding of this phenomenon,
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Abstract:

The healthy eye limits destructive inflammation, a phenomenon known as immune privilege, but despite that, it is
subject to autoimmune uveitis driven by retina-specific effector T cells. We previously reported, using an immune
privilege model where naive retina-specific T cells are introduced into healthy living mouse eyes, that within one week
all the T cells in the eye expressed activation/memory markers (primed). About 1/3 converted to functional Foxp3+ T
regulatory cells (Tregs); the rest did not convert, but nevertheless failed to elicit pathology. However, investigation of
their fate and function was hindered by the limited number of cells retrievable from mouse eyes. In the current study,
we analyzed the transcriptomic changes in the eye-primed retina-specific T cells at the single-cell level. Our data
revealed unique transcriptional signatures not only in the Foxp3+ Tregs, but also in the non-converted populations.
Notably, most non-Foxp3 T cells appeared to be phenotypically anergic, with higher expression of inhibitory regulators
(Ctla4, Lags, Pdcdi, Cblb, and Dgkz) and immunosuppressive genes (e.g. TGF-/31), than the converted Foxp3+ Tregs.
Indeed, Foxp3 negative T cells retrieved from the eyes were hyporesponsive to restimulation with splenic APC and
antigen, and did not exhibit significant regulatory activity. Trajectory analyses suggested that the Tregs and anergic
T cells differentiated in parallel, rather than sequentially, from a common proliferative precursor. Our findings offer
novel molecular insights into the complex phenomenon of ocular immune privilege and could instruct approaches to
modulate ocular inflammatory disease.
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Regulation of Immune Responses via Cell Death Mechanisms: Developing In-

ducible Systems to Study Pyroptosis and GSDMD Cleavage
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Abstract:

The regulation of immune responses requires the precise control of immune cell numbers and activity, processes that
are dynamically modulated during infection or inflammation. A critical mechanism that governs this regulation is
programmed cell death (PCD), which encompasses multiple pathways, including apoptosis, pyroptosis, and necrop-
tosis. While apoptosis has been extensively studied in the context of immune regulation, emerging evidence suggests
that other forms of PCD, particularly pyroptosis, also play significant roles in modulating immune responses. Pyrop-
tosis, characterized by caspase-dependent cleavage of gasdermin (GSDM) proteins and subsequent cell lysis, results
in the release of pro-inflammatory cytokines, influencing the immune microenvironment. However, the specific trig-
gers, kinetics, and functional implications of pyroptosis in various immune cell subsets remain poorly understood.

This study aims to investigate how different forms of programmed cell death, specifically pyroptosis, regulate im-
mune responses at the cellular and molecular levels. We focus on the activation of caspase-1and caspase-11 (which me-
diate canonical and non-canonical pyroptosis, respectively), and the subsequent cleavage of gasdermin D (GSDMD),
a key effector in pyroptotic cell death. Upon activation, caspases-1/11 cleave GSDMD, generating an N-terminal frag-
ment that forms membrane pores, leading to Iytic cell death and the release of cytokines such as IL-1/3 and IL-18. The
key challenge in understanding pyroptosis lies in deciphering how it is selectively activated in certain cells within a
shared microenvironment while others survive.

To track GSDMD cleavage and pyroptosis in real-time, we generated fluorescence resonance energy transfer
(FRET)-based indicators of GSDMD cleavage by caspases-1/11. These indicators, based on fluorescent protein con-
structs, are designed to turn the FRET signal off upon GSDMD cleavage, providing a sensitive and dynamic readout
of pyroptosis activation. To investigate this and select the most promising indicator for further study, we have de-
veloped an inducible system in which caspase-1/11 activation can be controlled in a stable cell line. To activate the

caspases, we utilize a homodimerizer ligand that dimerizes the DmrB regions on the engineered proteins, rendering
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caspases-1/11 active within minutes of ligand addition. Findings using this inducible murine caspase-1/11 system will
be extended to primary murine macrophages.

This study provides a novel system for examining the role of pyroptosis in immune cell regulation and will help
define the functional significance of different PCD pathways in immune responses. By better understanding how
pyroptosis modulates immune cell dynamics, we aim to uncover new therapeutic targets for inflammatory diseases
and immune-related disorders.

Keywords: pyroptosis, caspase-1, caspase-11, GSDMD, immune regulation, programmed cell death, FRET indica-
tors, inducible system
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Abstract:

Dendritic cells (DCs) serve as a critical link between innate and adaptive immune responses and are categorized as
conventional DCs (cDCs) and plasmacytoid DCs (pDCs). cDCs are potent antigen-presenting cells that are further
subdivided into type 1 (cDC1) and type 2 (cDC2). cDCis play vital roles in antigen cross-presentation and induce CD8*
T cell responses to intracellular pathogens and tumors. Due to the scarcity of DCs in lymphoid and non-lymphoid
tissues, methods enabling their generation from hematopoietic bone marrow precursors (BMDC) have greatly facil-
itated research on DC biology. FLT3L and KitL/FLT3L culture methods yield mixtures of ¢cDC1, cDC2 and pDC, which
allow studying DC development or the function of different DC subsets following purification. iCD103-DC cultures
preferentially generate cDC1 with increased yield compared to FLT3L and KitL/FTL3L cultures. However, cDC1 purity
in iCD103-DC cultures typically do not exceed 80%, necessitating cDC1 purification for downstream applications that
require highly pure cell populations. In summary, no BMDC culture method exists till date that can efficiently gener-
ate one DC subset only and with high purity. Here, we developed a new BMDC culture method termed iDC1. Initially,
bone marrow cells are cultured with three cytokines (FLT3L, GMCSF and KitL) for the first 9 days. Subsequent replat-
ing occurs on days 9 and 16 with only FLT3L and GMCSF. iDC1 cultures produce markedly increased numbers of cDC1
compared with FLT3L, KitL/FLT3L, or iCD103-DC cultures, and with minimal contamination by other DC subsets and
macrophages. This approach emphasizes the importance of the concerted action of three cytokines during the early
culture phase and extended culture duration beyond day 16. ¢DC1 generated in iDC1 cultures express CD103, Xcr1,
Clecoa and CD24, develop in an Irf8-dependent manner and respond effectively to toll-like receptor (TLR) stimula-
tion, mirroring key characteristic features of tissue cDC1s. The iDC1 method offers a significant advancement over
existing DC culture systems by generating large quantities of only one DC subset and without a need for cell purifi-
cation. In summary, iDC1 cultures are a robust platform for exploration of cDC1 biology and therapeutic potential.
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Abstract:

Foxp3-positive T regulatory cells (Tregs) are a subset of CD4™ T lymphocytes that play a crucial role in suppressing
effector functions of the immune system. Tregs are generated in the thymus upon strong TCR signaling in the pres-
ence of IL-2 signaling. Once generated, Tregs migrate to the periphery, where they inhibit the proliferation of effector
cells through direct cell contact or by releasing the IL-10 immunosuppressive cytokine. Tregs require IL-2 for their
proliferation and survival. Surprisingly, we recently identified that Tregs in the small intestine (SI) epithelium (SI)
do not depend on IL2 signaling for survival. Nonetheless, IEL Tregs maintain high suppressive capacity and survive
without IL-2 signaling. Consequently, SI Tregs must rely on alternative signaling pathways to support their survival.
The ICOS costimulatory receptor emerged as a promising candidate in this context. Intraepithelial lymphocyte (IEL)
Tregs in the small intestine express higher ICOS levels than Tregs from other peripheral tissues. Using genetically en-
gineered mouse models, we demonstrate that the ablation of IL-2 signaling leads to increased ICOS expression and
enhances the suppressive activity of Tregs. Conversely, overexpression of STATs5, the primary transcription factor
downstream of IL-2 signaling, inhibits ICOS expression. Finally, using ICOS knockout mice, we demonstrated that
the deletion of ICOS leads to impaired survival and maintenance of Treg cells in the SI. These findings reveal a novel
role for IL-2/STATSs signaling in regulating ICOS expression, revealing ICOS as a major regulator of Treg survival and

function in the SI epithelium.
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Abstract:

The human leukocyte antigen (HLA) locus is critical for immune system compatibility and is associated with various
disease conditions. Standard HLA genotyping typically uses genomic DNA and sequencing. arcasHLA is a recently
developed method for high-resolution HLA typing using RNAseq data. As single-cell RNAseq (scRNAseq) becomes
increasingly utilized in biological studies, we applied arcasHLA to scRNAseq data from CD8™ T cells of 72 human
donors and successfully determined HLA class I (A, B, and C) and class II (DP, DM, DO, DQ, and DR) alleles. These
findings demonstrate that scRNAseq data is a valuable resource for HLA genotyping, enabling integrated analyses of
immune cell responses with known HLA types. Sequencing reads often contain errors introduced during PCR and
sequencing. To address this, we applied a unique molecular identifier (UMI)-based consensus approach to improve
sequence quality and enhance the accuracy of HLA genotyping. We will present the resulting improvements at the
retreat.
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Abstract:

The environment is essential to immune system development. After birth, exposure to microbes is critical to build
up immune memory and train the immune system to prevent inappropriate immune responses. Without exposure
to microbes such as bacteria, fungi, and helminths, an individual may lack the ability to regulate inflammatory re-
sponses, potentially contributing to chronic inflammation. As high-income countries are undergoing significant in-
creases in chronic inflammatory disorders such as allergies and autoimmunity, understanding how the environment,
especially microbial exposure, affects immunoregulation has become increasingly important. Exposure to the natu-
ral environment can reduce the prevalence of chronic inflammatory disorders. Recently, a study demonstrated this
concept using a "rewilding’ model, in which mice were moved from a sterile, "clean’ environment to a wild, "dirty’
one. The study showed that the wild environment significantly altered the immune cell composition by promot-
ing granulopoiesis. These findings, along with the closer similarity between the immune systems of humans and
non-human primates (NHPs) compared to mice, led to our ’dewilding study of rhesus macaques. To elucidate the
environment-driven mechanisms changing the immune cell composition, we assessed the immune cell composition
of rhesus macaques over time, as they transitioned from a "dirty’ free-range facility to a ”cleanf laboratory environ-
ment at the NIH. Building on previous findings that dewilding rhesus macaques decreased neutrophils and increased
lymphocytes in peripheral blood, our study will track bone marrow changes potentially driving these immunological
changes. Bone marrow samples from rhesus macaques were collected throughout their first 6 months of dewilding.
We designed two flow cytometry panels focused on hematopoietic stem cells and neutrophil progenitors, respectively,
aiming to analyze changes in these compartments. We validated these panels and optimized our gating strategy, over-
coming challenges including differences between human and NHP immune markers and the lack of cross-reactivity

308



of some anti-human antibodies. Analysis of bone marrow immune cell composition is ongoing, and we plan to analyze
gene expression via single-cell RNA sequencing. Revealing the mechanisms of environment-driven immunological
changes is crucial for informing effective strategies to treat and prevent chronic inflammatory disorders linked to
immune dysregulation.
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Abstract:

In chronic infection and cancer, prolonged antigen exposure drives a state of T cell hyporesponsiveness, called T cell
exhaustion. Exhausted T (Tex) cells are maintained by a small subset of TCF1+ stem-like progenitor Tex (TPROG) cells,
which can respond to checkpoint blockade. Understanding mechanisms regulating these populations may help iden-
tify approaches to counter exhaustion and maintain T cell function in chronic infection and cancer. Phosphatidylinos-
itol 3-kinase-delta (PI3Kix®) is a lipid kinase that is an important component of T cell signaling and differentiation.
PI3Kix* activates the serine/threonine kinase AKT, which phosphorylates and inhibits the FoxO1 transcription fac-
tor. We have found that expression of the Foxo1 target gene Tcf7, (encoding TCF-1), is repressed in CD8™ T cells from
patients with Activated PI3Kix* Syndrome and a mouse model of activated PI3Kix* (Pik3cdE1020K/+) in acute viral
infections. How activated PI3Kix* affects T cell exhaustion is unknown. Using a model of chronic infection, Lympho-
cytic Choriomeningitis Virus (LCMV) clone 13, we found that more than half of the Pik3cdE1020K/+ mice rapidly died,
yet surviving mice recovered and cleared virus faster than wildtype (WT) mice. RNA sequencing revealed decreased
expression of TPROG associated genes, including Tcf7 in antigen specific CD8™ T cells; this was associated with loss
of TCF-1+ TPROG cells in Pik3cdE1020K/+ mice. In contrast, single cell RNA sequencing and flow analyses revealed an
expansion of CX3CRi1+ effector-like (TEFF) cells expressing Klrg1 and Zeb2, with increased effector functions. Trans-
fer experiments of WT and Pik3cdE1020K/+ LCMV-specific P14 CD8™ T cells indicated that loss of TCF-1+ TPROG
cells in Pik3cdE1020K/+ mice was primarily cell intrinsic and could be recapitulated by CRISPR-mediated gene dis-
ruption of FoxO1. In contrast, reciprocal cell transfers of WT CD8* T cells into Pik3cdE1020K/+ recipients revealed
that the TEFF expansion had a major cell-extrinsic component. We linked this phenotype to increased expression and
responses to IL21, a cytokine produced by follicular helper CD4+ T (TFH) cells that has been implicated in sustained
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survival and cytotoxicity of Tex cells. Pik3cdE1020K/+ mice had increased TFH cells that expressed Il21 and block-
ing IL21R or depleting CD4 ™" T cells during chronic infection prevented expansion of TEFF cells in PikacdE1020K/+
mice. Furthermore, we found that Pik3cdE1020K/+ CD8™ T cells were also more sensitive to IL-21 in vitro, with in-
creased IL21-induced phospho-STAT3 and improved survival. Finally, transfer of terminally exhausted cells T cells
from Pik3cdE1020K/+ mice into infection matched hosts led to increased TEFF cell generation, arguing that activated
PI3Kix® promotes plasticity of Tex cells. Supporting this, Pik3cdE1020K/+ CD8™ T cells had decreased expression
of Tox, a master regulator of T cell exhaustion and decreased markings of the Tox locus as detected by ATAC-seq,
suggesting PI3Kix® activation plays a key role in limiting CD8™" T cell exhaustion via both cell-intrinsic and extrinsic
mechanisms. Our findings highlight the dual nature of PI3K¢ during exhaustion, suggesting that PI3K{ is a critical

rheostat that balances effector vs exhaustion differentiation, with potential insight for therapeutic strategies.

311



ABSTRACT Poster #66 - Tuesday

Keywords: Immune regulation, Infectious Disease

Salivary components from Aedes mosquitoes inhibit proliferation of murine

splenocytes and induce apoptosis in susceptible lymphocyte populations.

« Presenter: Molly Ring

- Authors: Molly Ring (1), Paola Carolina Valenzuela Leon (1), Jian Wu
(1), Caroline Percopo (1), Brian Bonilla (1), Eric Calvo (1)

- Affiliation(s): (1) National Institute of Allergy and Infectious Dis-
ease (NIAID), Laboratory for Malaria and Vector Research (LMVR)

Abstract:

Salivary proteins play a crucial role in a mosquito’s ability to take a successful blood meal from a host. These proteins
are responsible for counteracting host homeostasis and defense responses by increasing vasodilation, inhibiting co-
agulation pathways, altering the immune status of the host, and other novel functions still to be elucidated. It has
previously been demonstrated that saliva from one species of mosquito, Aedes aegypti, has a killing effect on naive
murine lymphocyte populations. By cell proliferation assays and flow cytometry assays, we have discovered that this
activity is present across other two mosquitoes from the same genus, Aedes triseriatus and Aedes albopictus, which
are both prominent vectors of arboviral disease across the United States. Our data suggest that this killing affect is
specific to Aedes genus of mosquitoes while it is lacking in saliva from other prominent disease vector genera such
as Culex and Anopheles. We are currently working to characterize the type of cell death that murine lymphocytes
undergo following exposure to saliva while also working to understand what lymphocyte populations are most sus-
ceptible (CD4™, CD8™, and CD19+). Moreover, we are investigating which human and other mammal lineages are
able to avoid cell death induction after exposure to saliva including murine myeloid cells, rat lymphoid cells, human
primary lymphocytes and human leukemia and lymphoma cells lines. Our data thus far demonstrates that suscepti-
ble immune cell populations begin to trigger apoptotic pathways after as little as five minutes of exposure to saliva and
that this affect is dose dependent. Understanding this mechanism of cell death will give us further insight towards

determining the protein in saliva responsible for inducing apoptosis within these immune cell populations and will
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also allow us to investigate whether this phenomenon plays any role in pathogen transmission from the mosquito to
host.
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Abstract:

Interferonopathies drive autoimmunity but can also impair host responses to pathogens including viral infection. Us-
ing STAT1 gain-of-function (GOF) mutations as a paradigm for interferonopathies, we generated a STAT1-GOF mouse
model to elucidate mechanisms underlying immune dysfunction with viral infections despite heightened response
to interferons. Herein, we found that NX cells from STAT1-GOF mice exhibit a cell-intrinsic defect in expansion after
MCMYV infection. Co-expression network analysis of single cell Multiome-seq data via hdAWGCNA revealed STAT1-
GOF NK cells exhibit a marked reduction in RNA metabolism and Translation modules, key biological processes in
proliferation. Functionally, STAT1-GOF NK cells exhibit reduced blasting and translation after MCMV infection that
corresponded with reduced Myc gene expression. While the Myc locus was largely unchanged in WT NK cells after ac-
tivation and MCMYV infection, we found increased accessibility at Myc enhancers, which was impaired in STAT1-GOF
NK cells. This also corresponded with increased STAT1and STAT2 binding in STAT1-GOF NK cells, indicating aberrant
usage of the ISGF3 (STAT1-STAT2-IRF9) complex. Together, this suggests that STAT1-GOF impairs NK expansion via
limiting the expression of fundamental cellular processes, an effect observed with canonical ISGF3 signaling to limit

viral spread.
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Abstract:

ILC2s (group 2 Innate lymphoid cells) are involved in type 2 immune responses during both phases of innate and
adaptive response. The transcription factor Bhlhe4o has been reported to regulate the balance between inflammatory
and anti-inflammatory reactions in CD4 T cells. However, although Bhlhe4o is also expressed by ILCzs, its functions
in these cells are unknown. By challenging Bhlhe4o-germline knockout mice and ILC2-specific Bhlhe4o knockout
mice with papain acutely, we found that eosinophils were reduced in these mice compared to their wild type controls,
indicating that Bhlhe4o0 is required for ILC2 function in recruiting eosinophils in response to papain-induced lung
damage. Interestingly, the expression of IL-5 known for recruiting eosinophils was not altered in Bhlhe4o deficient
ILC2s. Instead, we found a reduction in GM-CSF expression but an increase in IL-10 production in the absence of
Bhlhego. To get a clearer picture of how Bhlhe4o regulates ILC2 function, we perform scRNA-seq and scATAC-seq of
WT and Bhlhe4o knockout ILC2s, and found Bhlhe4o affected ILC2 subsets and regulated gene expression in distinct
clusters of ILC2s. Further analysis of the Il10 locus identified several interesting elements at the Il10 promoter/en-
hancer regions that had differential gene accessibility between WT and knockout. On the other hand, no obvious
changes in DNA accessibility were noted at the Csf2 (encoding GM-CSF) locus, suggesting Bhlhe4o may indirectly
regulate GM-CSF expression. Overall, our results demonstrate that just as its function in T cells, Bhlhe4o also regu-

lates the balanced expression of inflammatory and anti-inflammatory cytokines in innate lymphoid cells.
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Abstract:

The role of macrophages in the noninflammatory clearance of apoptotic cells, also known as efferocytosis, is well es-
tablished. Defects in the rapid elimination of dying cells may lead to the accumulation of dead cells in tissues and
the development of autoimmune or inflammatory disorders. Apoptotic cells are thought to facilitate their own elim-
ination by producing chemotactic molecules called “find-me’ signals that attract macrophages and other phagocytes.
Sphingosine-1-phosphate, lysophosphatidylcholine, ATP, and the chemokine CX3CL1 are widely recognized as find-
me signals. Our lab has recently discovered that some members of the chemokine family can bind directly to the an-
ionic phospholipid phosphatidylserine externalized on the surface of apoptotic cells and apoptotic bodies (ApoBDs);
small extracellular vesicles released by dying cells. We found that ApoBD were highly chemotactic for phagocytes and
that this activity was mediated by PS-bound chemokines on the plasma membrane of the vesicle. Our hypothesis is
that the chemokine system plays a bigger role in efferocytosis than previously recognized. Here, we aimed to interro-
gate this hypothesis and the importance of other "find-me’ signals for apoptotic cell clearance. For this, we first per-
formed a comprehensive qPCR analysis of the chemokine genes upregulated during Fas-induced apoptosis in mouse
thymocytes. This analysis allowed us to identify candidate chemokines that may be involved in phagocyte trafficking.
Then, we have established an ex-vivo model for efferocytosis using mouse thymus slices. Classically, molecules need
to fulfill two simple principles to be classified as find-me signals: i) they must be produced by apoptotic cells, and
ii) they must induce phagocyte chemotaxis. However, the vast majority of the existing evidence relies on in vitro ex-
perimentation and whether these molecules are required for efferocytosis in vivo remains unknown. Using blockers

and knockout mice we are currently testing whether interference with the signaling of our chemokine candidates or
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previously recognized find-me signals results in the accumulation of dead cells in thymus slices. This research will
allow us to clarify the existence of a "find-me’ phase in efferocytosis and the identity of the molecules that mediate

this process.
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Abstract:

Tissue resident macrophage (resmac) niches are comprised of resmac as well as supporting cells that generate unique
signaling and metabolic factors that support the persistence and function of the resmac. N-acetyl aspartate (NAA)
is a nervous system metabolite synthesized from aspartate and acetate by the enzyme Nat8l and broken down by the
enzyme Aspa. NAA has previously been identified as elevated in the peritoneal cavity (PC), and the resmac of the
PC uniquely express Aspa. Based on this, we hypothesized that NAA serves as an exclusive metabolic fuel for the PC
resmac.

Single cell RNA sequencing (scRNAseq) studies identified the expression of not only Aspa, but also Nat8l in the
PC, further defining the NAA metabolic loop within the PC. To assess the functional significance of this loop, we de-
veloped an in vitro Nat8] overexpression system, which demonstrated that NAA is a central regulator of macrophage
metabolism, as increasing NAA levels lead to elevated TCA intermediates, increased turnover of lipids, and a lipid-

dependent increase in oxidative metabolism. Moreover, elevated NAA levels promoted a hyper-inflammatory phe-
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notype in LPS-activated macrophages, characterized by increased expression of inflammatory genes I1-6, Il-10, and
Nos2, leading to enhanced secretion of IL-6, IL-10 and nitric oxide (NO).

Having demonstrated that NAA modulates cellular metabolic and transcriptional programs in vitro, we next
sought to revisit the PC niche to determine whether NAA can induce the same transcriptional and metabolic modu-
lations in PC resmac. At baseline, genetic depletion of the components of the NAA metabolic loop does not resultin a
dramatic phenotype, but loss of Aspa expression during M2-polarized stimulation leads to decreased resmac expan-
sion, as well as increased glycolysis as assessed both by transcriptomics and metabolomics, and consisted with the in
vivo studies. However, 13C NAA tracing experiments indicate that incorporation of the NAA-derived aspartate into
the TCA cycle in these resmac is limited. This finding, combined with the evidence that NAA can serve as a transcrip-
tional and metabolic modulator outside of any metabolic roles, demonstrates that NAA acts as a pro-inflammatory
potentiator and regulator, rather than a direct metabolite, and sheds light on a new regulatory role of this metabolite
within the PC.
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Abstract:

Interferon induced protein with tetratricopeptide repeats 1 (IFIT1) is an interferon stimulated gene with antiviral
properties mediated through the translational inhibition of viral mRNAs that lack a 2’-O methyl group on their 5’ cap.
IFIT1 expression is often induced by activation of pattern recognition receptors, such as Toll-like receptors. Previ-
ously, we showed that IFIT1 differentially modulates the expression of various immune related genes. IFIT1 positively
regulates the type I interferon gene program in response to LPS stimulation - an effect mediated through modula-
tion of an HDAC2 transcriptional regulatory complex - while also negatively regulating pro-inflammatory cytokine
expression. We now show that IFIT1 negatively regulates miR-22 expression, an miRNA that inhibits translation of
IL-b. Depletion of IFIT1 led to the upregulation of miR-22 and a consequent downregulation of intracellular IL1-b
protein levels, along with strongly reduced IL1-b secretion in response to inflammasome activation. In IFIT1 de-
pleted THP1 macrophages, reduced IL-1b levels led to increased infection by the OC43 coronavirus. We also found

that RSV induced IL1-b expression was significantly diminished in Ifit1 knockout immortalized mouse macrophages
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(iMMs), leading to a significant increase in RSV infection levels. Our studies demonstrate a novel function for IFIT1
in supporting IL-1b dependent host defense against viral infection, through a miR-22-regulated circuit controlling

IL1-b protein levels.
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Abstract:

Innate immune training has several potential applications within the biomedical field. For instance, training with
established stimuli such as BCG and S-glucan has previously been shown to reduce microbial infections and cancer
growth; although, some cases presented detrimental side effects, such as autoimmune disease. By identifying new
trained immunity stimuli with less side effects, this approach could have broad applications such as reactivation of la-
tent HIV. Using a high throughput screening assay we developed in our lab, we found that Taurine and a-ketoglutarate
(AKG), two key metabolites, both induced trained immunity in macrophages. Our studies further showed that both
Taurine and AKG enhanced the training effect of previously identified stimuli such as Syk kinase inhibitors (SYKi IV
or R406), B-glucan, and Muramyl dipeptide (MDP), the active component of the BCG vaccine. Chromatin immuno-
precipitation analysis of Taurine and AKG trained macrophages showed enrichment of H3K4Me3, a transcriptional
activation and trained immunity marker, at the TNF and IL6 promoters. Our studies also showed that combined ap-
plication of AKG or Taurine with either MDP, 5-glucan or SYKi IV can reverse HIV latency in cell line models more
efficiently than training with MDP, 3-glucan or SYKi IV alone. We also show that combined application of Taurine or
AKG with MDP, 3-glucan, or SYKi IV can efficiently reactivate HIV from PBMCs of people living with HIV (PLWH).
In summary, our studies identified two metabolites that can train macrophages and can be used in combination with
other established stimuli to enhance training efficiency and reactivation of HIV from latently infected reservoirs. This
work was supported by the Intramural Research Program of NIAID, NIH and the Office of the AIDS Research at NIH.
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Abstract:

HIV virus can persist in a latent but activatable chronic state, predominantly in resting CD4™ T-cells but also to a
lesser extent in tissue-resident macrophages. This necessitates lifelong antiretroviral therapy (ART) for people living
with HIV (PLWH). Reactivation of latently infected HIV facilitates killing of the infected cells mediated by immune
cells such as macrophages, dendritic cells (DCs), cytotoxic T-lymphocytes (CTLs) and NK cells. Studies with latency re-
activating agents (LRAs) have shown that reactivation alone is not sufficient for the elimination of the HIV reservoir,
which requires an additional stimulus such as interferon alpha (IFN-«). HIV latency is associated with increased
chromatin condensation induced by methylation on specific histone residues at viral integration sites. Innate im-
mune training of macrophages with stimuli such as muramyl dipeptide, beta-glucan and Syk kinase inhibition has
been shown to relieve chromosome condensation through epigenetic rewiring at immune effector gene loci, thereby
increasing phagocytosis and antigen presentation activity. Training of myeloid cells has also been shown to positively
impact the activation of lymphoid cells such as NK cells and CD8 T-cells. We applied trained immunity in PBMCs
of ART-suppressed PLWH in the presence of matched autologous patient sera to test whether training could lead
to specific killing of the HIV infected cells. qPCR analysis showed that induction of trained immunity in the pres-
ence of autologous sera could not only enhance the reactivation of viral RNA transcription, but could also lead to HIV
reservoir reduction, potentially through NXK cell and CTL activation along with enhanced antigen presentation and

phagocytosis by trained macrophages and DCs.
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Abstract:

The CDC estimates that 5 million Americans live with disease caused by traumatic brain injuries (TBI). Head injuries
rupture blood vessels, cause hemorrhage, and release intracellular molecules that signal damage. For some patients,
prolonged bleeding and inflammation from damaged meningeal vessels causes long-lasting sequelae. Injured blood
vessels repair and regrow, but vascular recovery occurs in an inflammatory milieu with immune cells infiltrating the
site of injury. However, the consequences of an inflamed meningeal environment during vascular recovery remain
unclear. Adult zebrafish have a thin, translucent skull that makes it possible to perform high-resolution imaging
of the cephalic meninges in intact, living animals. We have established a novel adult zebrafish model to investigate
vessel-immune cell interactions after cerebrovascular injury. A dental scaler is used to ultrasonically rupture vessels
in the meninges without breaching the skull or causing significant damage to the underlying brain parenchyma. Im-
portantly, this is a sterile injury so immune responses are specific to meningeal vascular damage. Longitudinal live
imaging of transgenic vascular and immune cell reporters reveals extensive vascular damage, with cell death con-
centrated in the meninges, followed by staggered recruitment of different immune cell populations and rapid vas-
cular regeneration. With this new model in hand, we are developing genetic tools to silence immune signaling in
the vasculature and evaluate the effect on immune cell accumulation, vascular regeneration, and function. Discov-
ering meningeal immune cell-vascular interactions during regeneration in zebrafish may provide insights into new
approaches for treating chronic neuroinflammatory disease.
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Abstract:

Natural killer (NK) cells are cytotoxic innate lymphocytes that play a critical role in the clearance of both tumor and
virally infected cells. To identify novel aspects of NK cell biology, we interrogated NK cell-specific super-enhancers
(SEs). Along with well-known NX cell identity genes, we unexpectedly identified Ugcg as the top-ranking SE locus
in NK cells. Ugcg encodes UDP-glucose ceramide glucosyltransferase (UGCG) and catalyzes the first glycosylation
step in glycosphingolipid (GSL) biosynthesis. Ugcg is ubiquitously expressed among hematopoietic cells, however it
is considerably higher in NK cells. In a mouse model targeting Ugcg expression in hematopoietic cells we found that
most immune cell subsets developed, however there was a significant loss of NK cells. NK cells with loss of UGCG
activity was characterized as immature and containing fewer cytotoxic granules, which impaired their ability to target
and kill tumor cells. To determine which types of GSLs are required by NK cells, we analyzed B4galnt1 knockout mice.
B4GALNT1 is an enzyme downstream of UGCG, and is utilized to convert simple GSLs into complex gangliosides. We
found normal frequencies of NK cells in mice with loss of B4galnti, therefore suggesting that it is the simple GSLs that
are required for NK cell homeostasis. To determine which simple GSL is required for NK cell survival, we knockdown
the first three enzymes in the pathway and found that B4galts, and transferase that generates LacCer, is required
for NX cell survival. Furthermore, LacCer treatment prohibits apoptosis induced by loss of UGCG activity. As an
adaptive lymphocyte counterpart of NK cells, CD8" T cells acquire cytotoxic granules only when activated. CD8"
T cell frequency at steady state does not change with loss of Ugcg. However, we found lower frequency of antigen-
specificCD8 ™" T cells after MCMYV infection. Moreover, similar to NK cells, activated CD8* T cells require simple GSLs

for expansion. Our current hypothesis is that GSLs are required to maintain integrity of cytotoxic granules to prevent
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leakage of granzymes out of the granules and into the cytoplasm, where they are able to induce apoptosis of NK cells
and activated CD8™ T cells. Further studies are underway to determine if we see granzymes within the cytoplasm,

and to determine how GSLs maintain integrity of cytotoxic granules.
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Abstract:

While metabolic interplay between the glycolytic, glutaminolyic, and itaconic acid shunts have been shown to reg-
ulate inflammatory cytokine profiles in mice, few studies have investigated whether metabolic alterations impact
mechanisms of inflammatory cytokine release in humans. We harnessed comprehensive time-resolved metabolomic
profiling to identify distinct metabolite fluxes associated with the priming and trigger signals preceding NLRP3 in-
flammasome formation and release of IL-1 family cytokines. This approach highlighted an under-appreciated role for
the pentose phosphate pathway in prime induced purine and pyrimidine anabolism, while inflammasome triggering
heavily engaged both the urea cycle and the uric acid pathway. Pharmacologic inhibition of numerous bottlenecks in
these pathways in human macrophages revealed a striking theme of metabolically-linked pyroptotic licensure arising
from distinct inflammasome priming and trigger-induced metabolic fluxes.
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Abstract:

The microbiota colonizes each barrier site and broadly controls host physiology. However, when uncontrolled, micro-
bial colonists can also promote inflammation and induce systemic infection. The unique strategies employed at each
barrier tissue to control the coexistence of the host with its microbiota remain largely elusive. Here we uncover that,
within the skin, host-microbiota symbiosis depends on the remarkable ability of the skin to act as an autonomous
lymphoid organ. Notably, an encounter with a new skin commensal promotes two parallel responses, both under
the control of Langerhans cells. On one hand, skin commensals induce the formation of classical germinal centers
within the lymph node associated with IgG1 and IgG3 antibody responses. On the other hand, microbial colonization
also leads to the development of tertiary lymphoid organs within the skin that can locally sustain IgG2b and IgGac
responses. These phenomena are supported by the ability of regulatory T cells to convert into T follicular helper cells.
Skin autonomous production of antibodies is sufficient to control local microbial biomass, as well as subsequent sys-
temic infection with the same microbe. Collectively, these results reveal a striking compartmentalization of humoral

responses to the microbiota allowing for control of both microbial symbiosis and potential pathogenesis.
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Abstract:

T follicular helper (Tfh) cells are a specialized subset of CD4™ T cells that support germinal center (GC) B cells and pro-
mote antibody-mediated immunity. Whether Tth cells play additional immunoregulatory roles beyond B cell help re-
mains unclear. We show here that Tth cells in the mesenteric lymph nodes and peyer’s patches produce large amounts
of IL-2 in steady state. Importantly, conditional deletion of IL-2 from Tth cells resulted in catastrophic multi-organ
inflammation that was not due to altered GC B cell responses, but due to impaired Foxp3+CD25+ regulatory T cells
(Tregs) homeostasis. Functional and transcriptional analyses collectively highlight that IL-2 production by Tth cells is
crucial for maintaining the competitive fitness of Tregs in the gastrointestinal tract. Together, these findings reveal
a previously unrecognized function of Tth cells in maintaining gut homeostasis and immune tolerance by sustaining
Treg responses to gastrointestinal antigens, thus extending their role beyond B cell help.
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Abstract:

Alzheimer’s disease (AD) is the leading cause of dementia worldwide. Accumulation of amyloid beta plaques and
neurofibrillary tau tangles in the brains results in neurodegeneration and cognitive decline. Microglia, the tissue-
resident macrophages in the brains, have been recognized as a major contributor of neuroinflammation in AD pro-
gression. However, the role of non-microglial immune cells is less explored. In our study, we used 5X FAD transgenic
mice harboring human familial mutations in the App and Psen1 genes that recapitulate human AD pathology, to ad-
dress this question. Leveraging high dimensional flowcytometry and multi-omics approaches including single-cell
RNA sequencing (scRNAseq) and single-cell assay for transposase-accessible chromatin sequencing (scATACseq) we
investigated the involvement of different immune cells in neuroinflammation. Unsupervised clustering revealed a di-
verse array of non-microglial immune cells with selective enrichment of alpha-beta T cells in the brains of 5xFAD mice
compared to the wild-type B6 mice at 6 and 12 months of age. Within the CD8™ T cell subsets, we identified a Type
I Interferon responsive CD8™ T cell subset, termed disease associated CD8™ T cells (DATSs), significantly enriched in
5xFAD brains. Immunohistochemistry and flow cytometry confirmed that DATs were tissue-resident memory cells
primarily localized within the hippocampus and cerebral cortex of SXFAD brains and distal from vasculature. Re-

markably, DATs exhibited unique chromatin accessibility features in their interferon responsive motifs, reshaping
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their regulome architecture into distinct subset within the CD8™ T population. Furthermore, depletion of CDS™ T
cells in 5XFAD/B2M (beta-2 microglobulin) knockout mice resulted in reduced amyloid beta plaque deposition and
ameliorated memory decline, highlighting the therapeutic potential of targeting DATs in AD. In summary, our study
shedslight on the role of non-microglial immune cells, particularly DATs, in driving neuroinflammation in AD. By elu-
cidating their distinct molecular and functional attributes, we uncover potential avenues for therapeutic intervention

aimed at mitigating AD progression.
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Abstract:

Alzheimer’s Disease (AD) is the leading cause of dementia worldwide. During disease progression, amyloid-beta (A3)
plaques and neurofibrillary tangles accumulate in the brain, leading to neuroinflammation, neurodegeneration, and
cognitive decline. Recently, emerging evidence has shown that the adaptive immune system is involved in the brain in
both human AD patients and murine AD models. In this study, we aimed to identify the specific adaptive immune cell
types that are involved in the progression of AD using a transgenic mouse model of familial AD (5xFAD). Using single-
cell RNA-sequencing (scRNAseq), adoptive cell transfer, and immunohistochemistry, we explored the transcriptional
states and functional roles of adaptive immune cells in the AD brain. From scRNAseq, we found that CD8" T cells
are enriched in number in the AD brain compared to wild-type (WT) during the middle and late stages of disease.
Subsequent trajectory analysis revealed that CD8™ T cells delineate into an ISG+ or exhausted fate during aging in
AD. We found that CD8™ T cells infiltrated the brain parenchyma of 5xFAD mice. Adoptive transfer of T cells from
5xFAD donors into Rag2 knockout (RagzKO) or 5xFAD;Rag2KO recipient mice revealed that CD8™ T cells required
both antigen specificity and inflammatory signals to infiltrate into the parenchyma. Importantly, eliminating CD8™
T cells in 5xFAD mice using monoclonal antibody depletion, 52 microglobulin-KO, or CD8 ~ KO resulted in attenuated
AB plaque burden. Overall, our study demonstrates the deleterious role of brain-infiltrating CD8* T cells in AD. For
future studies, we plan to study the functional role of the ISG+ CD8™ T cell subpopulation in AD progression using
conditional KO of the interferon-«//3 receptor (IFN-«aR) and adoptive transfer of IFN-aR-deficient donor T cells.
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Abstract:

Background: Kaposi sarcoma (KS), caused by Kaposi sarcoma herpesvirus (KSHV) is an angioproliferative tumor that
typically manifests as vascular and hyperpigmented cutaneous lesions. Other diseases caused by KSHV include mul-
ticentric Castleman disease (MCD), primary effusion lymphoma (PEL) and KSHV-associated inflammatory cytokine
syndrome (KICS). Patients may present with KS alone or these KSHV-associated diseases (KAD) can occur concur-
rently. Novel sequencing technologies that evaluate archival KS tissues may further our understanding of cellular
and viral characteristics of HIV-associated KS.

Methods: Participant (pt) and HIV characteristics were obtained at time of biopsy. Gene expression profiling of
42 confirmed KS skin samples was performed using a custom nCounter PanCancer ImmunoOncology panel with ad-
dition of KSHV probes according to manufacturer’s instructions. Spatial RNA profiling was performed using GeoMx
digital spatial profiling (DSP) platform on 4 fresh frozen paraffin-embedded (FFPE) tissue sections randomly selected
from pts with concurrent KS and KAD. LANA, CD45 and CD31 expression in these samples identified KS (LANA+,
CD31+) and other areas of interest (AOIs) including vessels (LANA-, CD31+) and immune cells (CD45+) on tissue sec-
tions. QC checks, quartile-3 normalization, and differential expression analysis were applied in R studio according to
Nanostring’s recommendations using GeoMxTools R package. Gene Set Enrichment (GSEA) analysis was performed
using R package ClusterProfiler. Genes for each differential expression comparison output were ranked according to
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the Signal2Noise scores, which were calculated using formula defined in the GSEA manual.

Results: Archival skin KS samples were obtained from 42 cisgender men with HIV with a median age of 40 years
(interquartile range (IQR): 32-52 years). Fifty-six percent of the pts were Black. The median duration of HIV infection
was 8.1years (IQR: 0.8-15), and pts had a median HIV viral load of 61 copies/mL (IQR: 20-484.5). The median CD4 ™"
T-cell count was 126 cells/AuL (IQR: 59.5-288.5). Forty-seven percent had KS alone and 53% had other KAD, includ-
ing KICS in 30%, MCD in 16%, PEL in 9%, and both MCD and PEL in 4%. Compared to pts with KS alone, samples
from pts KS and concurrent KAD (KICS or MCD and/or PEL) had differential expression of 26 genes including in-
creased expression of the cellular genes STC1 (log2FC=2.02, p-adjusted (padj)=0.001), a secreted glycoprotein, and
MKI67 (log2FC=1.11, padj=0.02), a common proliferation marker. Pathway analyses identified lower expression of
genes associated with cytokine activity in lesions from pts with KS with concurrent KAD as compared to those with
KS alone. Spatial RNA profiling from 4 KS samples of pts with KS and concurrent KAD identified increased expression
of PDGFRB (log2FC=1.42, padj=0.0001) and NOTCH3 (log2FC=2, padj=0.001), both involved in vascular development,
in LANA+ areas as compared to other AOIs.

Conclusion: These sequencing data of archival skin HIV-associated KS samples highlighted differentially ex-

pressed genes that were driven by disease characteristics, such as the presence of concurrent KAD.
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Abstract:

Cryptococcus neoformans is a lethal and widespread fungal pathogen marked by the formation of granulomas. Gran-
ulomas are organized immune structures that contain the pathogen but prevent clearance which can result in reac-
tivated infection in immunocompromised individuals. The mechanisms of granuloma formation in cryptococcus
infection are largely unknown. Ch2sh is an enzyme that converts cholesterol to 25-hydroxycholesterol, which can be
further converted to 7a,25-hydroxycholesterol, a chemotactic ligand for EBI2. This oxysterol gradient is important
for the organization of lymph nodes and Ch2sh is highly expressed by alternatively activated macrophages during
chronic cryptococcus infection. Furthermore, immunofluorescent imaging of infected EBI2 reporter mouse lungs
revealed EBI2+ cells positioned around granulomas. Therefore, we hypothesized that this oxysterol gradient may be
important in the organization of cryptococcal granulomas. Transwell migration assays with lung extracts over the
course of chronic cryptococcus infection demonstrate a selective increase in EBI2-dependant migration. This migra-
tion activity is ablated when using lung extracts from CD11c-%" Ch2s 1°% mice infected with cryptococcus. In vitro
culture of different T cell subsets revealed that Th2 cells, key effectors during cryptococcus infection, express the most
EBI2 and we are in the process of confirming the functional consequence of this increased expression via transwell
migration assays. In total, this data demonstrates that Ch2sh expressed by alternatively activated macrophages dur-

ing cryptococcus infection has the potential to organize the position of type two effector cells.
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Abstract:

Tuberculosis disease is caused by Mycobacterium tuberculosis (Mtb), and is responsible for more than a million
deaths worldwide every year. IL-1R1 deficient mice are highly susceptible to Mtb infection, but IL-1R1 expression
on Mtb-infected macrophages is not required for protection. Instead, cells of either the non-hematopoietic or the
hematopoietic- immune compartments are sufficient to protect Mtb-infected macrophages in trans, suggesting an
important role for IL-1 in promoting protective and cooperative tissue immunity in the lungs after Mtb infection.
However, the different cells types involved in IL-1 driven protection remain to be fully elucidated. Using mice con-
ditionally deleted or restored in endothelial IL-1R1 expression, we show here that pulmonary endothelial cells are
key stromal, non-hematopoietic cells important for mediating IL-1 driven protection. Mice selectively lacking IL-
1R1 on endothelial succumbed earlier to Mtb infection. Conversely, when we selectively restored IL-1R1 expression
exclusively on lung endothelial cells, pulmonary bacterial burdens were drastically reduced and survival significantly
extended, arguing for a key role of endothelial cells in host resistance and cooperative tissue immunity during Mtb in-
fection. We are currently investigating the underlying molecular and cellular mechanisms of lung endothelial driven
host resistance to Mtb.

This work was funded by the intramural research program of NIAID, NIH.
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Abstract:

Background: Recent evidence highlights human cytomegalovirus (CMV) as a risk factor for tuberculosis (TB) disease.
However, the impact of CMV infection on disease severity, bacterial burden, and TB treatment outcomes remains
poorly understood. Methods: Serostatus of CMV was determined by assaying IgG titers in plasma samples by ELISA.
Chest X-rays were employed to assess bilateral lung lesions and cavitary diseases, and sputum smear grades were
used to measure bacterial loads in TB subjects. Treatment outcomes were defined as favorable or unfavorable either
during the treatment phase or within a 12-month period following bacteriological cure. Cytokine profiles were mea-
sured using multiplex ELISA. Findings: Compared to TB patients without CMV infection, those with coinfected CMV
exhibited increased Mycobacterium tuberculosis (Mtb) bacillary loads in sputum (odds ratio [OR], 5.67; 95% confi-
dence interval [CI], 3.12-13; p<0.0001 in univariate analysis and adjusted OR [aOR], 4.14; 95% CI, 2.21-11.12; p<0.0001
in multivariate analysis), a greater risk of bilateral lung lesions (OR, 4.09; 95% CI, 2.57-6.49; P<0.001 and aOR, 2.70;
95% CI, 1.61-4.52; P<0.001), and a higher likelihood of cavitary lung lesions (OR, 2.56; 95% CI, 1.04-3.08; p<0.001 and
aOR, 2.03;95% CI, 1.65-3.68; p<0.001). Furthermore, TB patients with coinfected CMV were significantly more likely
to experience unfavorable treatment outcomes (OR, 1.65; 95% CI, 1.32-2.62; p=0.011 and aOR, 1.45; 95% CI, 1.3-2.1;
p=0.047). Our data also show that TB is associated with significantly lower levels of type-1 cytokines (IFN~, IL-2,
TNFa) and IL-1 family of cytokines (IL-1cv, IL-153) but significantly higher levels of regulatory cytokines (IL-10), Type I
IFNs cytokines (IFN«, IFNS) and pro-fibrotic factors (VEGF) in CMV coinfected individuals compared to non-CMV
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infected individuals. Interpretation: Our findings reveal that CMV co-infection worsens the severity of TB, increases
bacterial burden, and leads to poorer treatment outcomes. Our data also suggest that a double CMV/TB infection

might be associated with the modulation of cytokine responses, potentially aggravating TB pathogenesis.
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Abstract:

Immunization with live, attenuated sporozoites is a highly effective malaria vaccination strategy which induces long-
lived, tissue-resident CD8™ T cell responses in the liver. CD8™ T cells confer sterile protection against infection by
recognizing and killing Plasmodium-infected hepatocytes. Professional antigen presenting cells, especially dendritic
cells (DCs), play an essential role in the priming of CD8T T cell responses against Plasmodium antigens. However,
the precise anatomical sites and molecular signaling involved in the priming of CD8™ T cells is not completely under-
stood. We are actively investigating two fundamental questions regarding the sporozoite vaccine responses. First,
what is the anatomical location(s) where protective CD8™ T cells are primed? Second, what are the early innate im-
mune events required for dendritic cell maturation and subsequent T cell priming? Using a combination of genetic
and surgical approaches, we show that mice lacking either lymph nodes, or the spleen, amount protective immune
responses following SPZ vaccination. However, mice lacking both types of secondary lymphoid tissues do not amount
sterilizing immunity, suggesting that the liver is insufficient for CD8™ T cell priming and that priming is largely tak-
ing place in the spleen and lymph nodes. Given the abundance of Plasmodium-derived toll-like receptor (TLR) ligands,
we hypothesized that innate immune signaling through TLRs, may be an essential step in dendritic cell maturation
and migration to lymphoid tissues. Surprisingly, we find that the central TLR adaptor protein, MyD88, is dispens-
able for eliciting a robust T cell response and protective immunity following sporozoite vaccination. Mice deficient
in MyD88 exhibit an impaired antibody response against the immunodominant circumsporozoite protein. However,
MyD88 null mice amount robust tissue-resident memory and antigen-specific T cell responses and are fully protected
following live sporozoite challenge. These results suggest that MyD88-dependent signaling is not required for CD8™
T cell priming by DCs. Dendritic cells have previously been shown to acquire antigens directly from infected, apop-
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totic hepatocytes, potentially implicating damage-associated molecular pattern recognition in sporozoite vaccine re-
sponses. Ongoing work is aimed at investigating a potential role for NOD-like receptor signaling in dendritic cell
maturation and CD8™ T cell priming.
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Abstract:

Mycobacterium tuberculosis (Mtb), the causative agent of tuberculosis (TB), is a highly infectious bacterium that pri-
marily affects the lungs. TB is responsible for over a million deaths worldwide each year and the exact reasons for
disease exacerbation are still not well understand. However, individuals with active TB disease exhibit conserved dis-
ease defining features such as body mass wasting, also known as cachexia. Cachexia is a multifactorial condition and
interestingly, studies have showed that undernutrition represents a risk factor for developing active TB. However,
despite the evidence of a link between nutrition, cachexia and TB, the role of cachexia in host resistance to Mtb and
the immune and metabolic -mediated mechanisms driving wasting during TB remain poorly understood.

Here we hypothesize that cachexia directly contributes to TB pathogenesis and represents a critical tipping point
for disease progression.

We describe the weight change following Mtb infection in 3 different in vivo animal models: the mouse, marmoset
and rhesus macaque. We observed that both mice and marmosets display cachexia following the infection, which is
consistent with the human disease. We showed that in diversity outbred (DO) mice, there is an association between
the percentage weight change and the bacterial burden in the lung. We showed that cachexia following Mtb infection
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is associated with loss of both adipose tissue and muscle tissue in mice. Moreover, we were able to detect Mtb in the
skeletal muscle and adipose tissue of infected mice, marmosets and rhesus-macaques. Using Ilir1-/- deficient mice,
highly susceptible to Mtb infection with accelerated cachexia we showed that Mtb seeds in the muscle and adipose
tissue even prior the onset of weight loss and increased pulmonary bacterial burdens. In addition, Ilir1-/- deficient
mice displayed increased bacterial burden in the adipose tissue and the skeletal muscle when compared to WT mice.
Finally, our results indicates that IL-1 modulates fatty acid metabolism during Mtb infection even before the onset
of cachexia, which is in line with the fact that impaired metabolisms have been described as involved in cachexia
mechanisms.

Understanding the role and mechanisms of cachexia associated to Mtb could represent a new intervention point
and pave the way for new host-directed therapeutic targets not only for tuberculosis, but also cancer-associated
cachexia.

This work was supported by the intramural research program of the National Institute of Allergy and Infectious
Diseases (NIAID).
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Abstract:

The HIV glycan shield, composed of high-mannose glycans, is crucial for the viral fitness and infectivity. This shield
protects the virus from the innate immune system by concealing the underlying epitopes, making it both a critical
target (an HIV sweet spot) and a significant obstacle in vaccine development. Although the glycan shield is targeted
by highly potent lectins such as griffithsin (GRFT) that can inactivate HIV, these lectins have not been exploited to
their full potential due to their poor pharmacokinetics and short serum half-lives. To address these limitations and
evaluate the in vivo protective efficacy of a glycan-targeting agent against HIV infection, we engineered an antibody-
lectin conjugate comprising a monomeric subunit of the anti-HIV lectin GRFT and the Fc region of human IgG1. We
hypothesized that this modification would extend serum half-life through Fc-mediated recycling and augment anti-
HIV activity of GRFT by inducing immune effector responses. Engineered mGRFT-Fc produced in bacteria yielded an
IgGi-like dimer and retained binding ability to HIV-1 gp140 trimers with avidities comparable to GRFT and exhibited
the similar picomolar ICs0 values for HIV pseudovirus neutralization. Also, mGRFT-Fc showed no adverse effects
in rats at high doses and had an improved half-life compared to GRFT. The mGRFT-Fc produced in mammalian sys-
tem yielded a glycosylated IgGi-like dimer (mGRFT-Feglyc) and induced immune effector responses in vitro. In in
vivo HIV-infection studies in CD34+ humanized mice, though mGRFT-Fc failed to prevent infection, both GRFT and
mGRFT-Fcglyc effectively suppressed viralloads and prevented human CD4™ T-cell loss for up to 8 weeks after a single
dose. Also, mGRFT-Fcglyc demonstrated an advantage over GRFT by not only preventing HIV infection by HIV neu-
tralization but also provided sustained protection from break through infections via Fc-mediated immune effector
responses exhibiting dual mode of protection. This study demonstrates the successful engineering of a lectin-based
biologic that retains picomolar antiviral activity, has an extended half-life, and elicits immune effector responses and
validates the translation of mGRFT-Fcglyc as an anti-HIV therapeutic in vivo.
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Abstract:

Host defense against Mycobacterium tuberculosis (Mtb) is influenced by lipid mediators like Prostaglandin E2 (PGE2)
that can be induced by Interleukin 1 (IL-1). PGE2 signals through four distinct receptors (EP1-EP4) that vary in expres-
sion and their downstream intracellular signals are known to influence inflammatory immune responses. Our group
has previously shown that IL-1 receptor type I (IL-1R1)-deficient mice are severely susceptible to Mtb, in part through
defects in PGE2 production. Therefore, we hypothesized that IL1R1-dependent PGE2 signaling through its receptors
would be protective against Mtb infection. In contrast to our hypothesis, we found that EP2-deficient animals had a
higher pulmonary Mtb burden early but lived longer than wild-type controls. Macrophages are a common niche for
Mtb growth and survival, however our in vitro and in vivo studies of macrophages failed to reveal innate defects in
bacterial control. These findings were confirmed in vivo when we investigated the cell-intrinsic requirements for EP2
expression through mixed bone marrow chimeric mice. Notably, CD4™ T cell responses are critically important for
host defense against Mtb; however, we saw no change in Mtb-specific CD4™ T cell responses but a rather significant
expansion of Mtb-specific CD8™ T cell responses. To investigate whether the increased CD8™ T cells responses could
contribute to the increased survival observed in EP2-deficient mice, we adoptively transferred EP2-deficient CD8™ T
cells into T cell-deficient mice. Indeed, EP2-deficient CD8™" T cells enhanced survival after Mtb infection compared
to WT CD8™ T cells. These results suggest that EP2 signaling in CD8™ T cells limit their protective response to Mtb
and might implicate EP2 as a potential target for host-directed therapy for tuberculosis.
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Abstract:

Malnutrition can both precipitate and perpetuate pathology, including leishmaniasis, a neglected tropical disease
caused by Leishmania parasites. Specifically, protein energy malnutrition alters both the innate and adaptive immune
response. Previous studies have established malnutrition as a risk factor for visceral leishmaniasis, and greater dis-
ease severity has been shown in malnourished animal models. We have developed a live-attenuated Leishmania ma-
jor vaccine with a centrin gene deletion (LmCen-/-) that has shown safety and protective efficacy against visceral and
cutaneous leishmaniasis in animal models. Since leishmaniasis is endemic where malnutrition is prevalent, safety
and efficacy of leishmaniasis vaccines must be evaluated under malnutrition conditions. To characterize immuno-
genicity of the LmCen-/- vaccine in malnutrition and to additionally evaluate short-term remediation strategies for
malnutrition preceding immunization, we analyzed the innate and adaptive immune response in a polynutrient-
deficient mouse model. Juvenile BALB/c mice, evoking a childhood malnutrition model, were assigned to either a
well-nourished (WN) or polynutrient-deficient (PND) diet for four weeks with no caloric restriction. One "recov-
eryd” group was asynchronously fed the PND diet for four weeks, then fed the WN diet for two weeks to assess po-
tential short-term interventions to recover vaccine efficacy. After this period, mice were vaccinated intradermally
with LmCen-/- parasites. PND-fed malnourished mice failed to gain weight compared to WN peers and exhibited
iron deficiency anemia over a six-week period. Malnourished, vaccinated mice also showed reduced IFN-a? levels
and decreased splenic CD169+ cells in dendritic cell and macrophage populations, demonstrating LmCen-/- vaccine
immunogenicity is negatively impacted by diet. Mice were challenged with L. donovani parasites three weeks post-
immunization. The immune response was evaluated two weeks post-challenge via flow cytometry. Data indicates
thatvaccinated mice in the PND diet group showed elevated IL-10 by splenic CD4 ™ T cells compared to the WN group,
while the expression of IFN-a® was comparable between the groups. Additionally, the recovery group did not down-
regulate IL-10 to the levels observed in the WN group. Evaluation of post-challenge splenic parasite burden and the
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impact of altered immunogenicity in the PND group upon LmCen-/- immunization is in progress. Our future stud-
ies on immuno-metabolic changes may help identify dietary supplements that could ameliorate deficient immune
responses in a malnutrition condition.

"My contributions are an informal communication and represent my own best judgment. These comments do not
bind or obligate FDA.¥’
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Abstract:

Leishmaniasis is a neglected tropical disease caused by the bloodborne protozoan parasite pathogen-Leishmania
transmitted through sand fly vectors. The recent endemicity of cutaneous leishmaniasis in the southern United States
highlights the need for increased awareness of sand fly vectors and local surveillance to detect emergent outbreaks.
Currently, there is no vaccine or donor screening assay licensed for human use to prevent or detect the spread of leish-
maniasis via blood transfusion or by infected sand fly bite. Availability of standardized Leishmania antigens would
facilitate disease surveillance and evaluation of vaccine immunogenicity studies by eliciting a delayed type hypersen-
sitivity (DTH) response in individuals previously exposed to Leishmania infection or following immunization with an
Leishmania vaccine. Towards developing a leishmanin skin test (LST), we produced leishmanin antigens under Good
Laboratory Practice (GLP-LST) conditions. The specificity and immunogenicity of GLP-LST were evaluated in murine
models of infections: leishmanization (deliberate immunization with wildtype Leishmania major), representing pre-
vious exposure to Leishmania parasites and mice immunized with the live-attenuated vaccine L. major lacking the
centrin gene (LmCen-/-). Following these infections, the GLP-LST antigen was injected intradermally in the ear, and
the DTH response was monitored and measured over 48 hours. To characterize the immune response at the DTH site,
the ear dermis tissues were harvested from the mice, and were analyzed via flow cytometry. Flow cytometry analy-
sis of the cell populations isolated from the DTH sites showed an enrichment of CD69+CD4 skin resident memory
T-cells. Additionally, the presence of activated macrophages and Langerhans cells at the DTH site was detected, con-
sistent with previous studies. The studies described here demonstrate the utility of the animal models and methods
used to assess the potency of the GLP-LST antigen. In the future, cGMP-LST can be used in vaccine clinical trials as a
marker for immunity, and in active surveillance studies of endemic and emerging areas of Leishmania infection. "My
contributions are an informal communication and represent my own best judgement. These comments do not bind
or obligate FDA.8"
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Abstract:

The chemokine receptor CCR7 is essential for afferent trafficking of naive and central memory T cells and activated
dendpritic cells to draining lymph nodes and plays a pivotal role in survival during acute intraperitoneal Toxoplasma
gondii infection in mice. However, the protective mechanisms and CCR7’s importance in chronic encephalitis, the
primary concern in immunocompromised T. gondii-infected humans, remains undefined. To investigate this, we
developed a low-inoculum model of natural oral infection, where 80% of wild-type (WT) mice survived acute infec-
tion and progressed to chronic encephalitis. In the acute phase, parasite load was initially high in lung, spleen, heart
and intestine in both Ccr7+/+ and Ccr7-/- mice and was effectively controlled in both strains. In contrast, brain infec-
tion occurred later and was effectively controlled in WT mice, which survived infection, but not in Ccr7-/- mice, which
exhibited high mortality. Infected Ccr7-/- brains had significantly reduced accumulation of CD8™ T cells, which ex-
pressed increased levels of the exhaustion markers PD-1and Tim-3. Moreover, adoptively transferred Ccr7+/+ CD8™
T cells but not Cer7-/- CD8™ T cells could rescue T cell-deficient TCRa KO mice from fatal T. gondii infection, and CD8
T cell-specific Ccr7 conditional knockout mice were more susceptible to fatal T. gondii infection than their WT coun-
terparts. Further characterization showed an increased propensity for apoptosis in Cer7-deficient CD8™ T cells, both
under uninfected conditions and more so after infection. Surprisingly, we also measured elevated levels of the par-
asite control factors iNOS and IFN~ in infected Ccr7-/- mouse brain compared to infected WT brain. These findings
show that Ccr7 is not required for a protective immune response in all tested infected organs besides brain, where it
may control CD8™ T cell survival. Additionally, the results raise new questions about why the high levels of iINOS and
IFN+ in infected Cer7-/- mouse brain are not protective in the model and if these may contribute to hyperinflamma-
tion and CD8 T cell death.
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Abstract:

Manipulation of host cell metabolism is emerging as an effective strategy for pathogens to establish infection. In
addition to impacting nutrient availability, metabolites and their associated pathways play integral roles in immune
responses to infection. Here we demonstrate that novel phospholipids found in virulent Francisella tularensis (FT)
maintained mitochondrial function via upregulation of Peroxisome proliferator-activated receptor gamma coactiva-
tor1alpha (PGC-1a). Purified FT lipids induced upregulation of PGC-1cv and PGC-1« regulated genes in macrophages.
Inhibition of PGC-1« led to reorganization of mitochondria, cell survival, and complete control of bacterial replica-
tion. Together these data show a novel mechanism employed by a highly virulent bacterial pathogen to manipulate
macrophage mitochondrial function for protection of their intracellular niche. Further, these data suggest that tar-
geting PGC-1cv may be an effective therapeutic intervention to defend against FT and other intracellular pathogens.
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Abstract:

Trypanosoma cruzi (T. cruzi) is the etiological agent of Chagas disease (CD) infecting 6-7 million individuals world-
wide, mostly in Latin America where the disease is endemic. An estimated 300,000 infected individuals live in the
United States, where transmission occurs mainly by local triatomine bugs and from mother-to-baby. CD has an acute
phase that lasts 4-8 weeks and is characterized by an effective immune response that reduces the parasite burden.
However, infected hosts are unable to fully clear the infection and progress to a chronic phase, during which parasites
primarily persistin the heart, gastrointestinal (GI) tract, and skeletal muscle. During this life-long chronic stage, most
individuals exhibit no symptoms but about 30 % may develop CD cardiomyopathy (CDC) and/or digestive CD (DCD).
The most common GI manifestations are megacolon and megaesophagus syndromes that result from the progressive
dilation and dysfunction of these organs. Little is known about DCD and how the parasite evades the local host im-
mune response to establish a persistent infection in the GI tract. Using bioluminescent T. cruzi strains combined with
in vivo and ex vivo bioluminescence imaging we have identified the colon as a major parasite reservoir in chronically
infected mice. In this study, we investigated the single-cell transcriptome landscape of the mouse colon focusing on
the lamina propria (LP) compartment where both innate and adaptive immune cells reside. Cells extracted from the
colon of both infected and naive mice were processed using the BD Rhapsody single-cell analysis system, followed by
Hlumina sequencing. Clustering analysis revealed eighteen distinct clusters, along with significant recruitment of
immune cells, including T and NK cells, B cells, and T memory cells. Cell frequencies increased by 3.9-fold, 2.3-fold,
and 1.7-fold, respectively. Sub clustering of the major T and NK cell cluster identified five subclusters, consisting of
four T cell subtypes (T cytotoxic cells, T follicular helper cells, T regulatory cells, and T helper cells) and NK cells. These
findings were further confirmed by flow cytometry analysis and RT-qPCR of signature genes. Additionally, we studied

cell-to-cell communications among immune cell populations using CellChat which predicted the interaction between
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CD8™ T cells and macrophages via the ligand-receptor pair CCL5/CCRs. Our work highlights the recruitment of im-
mune cells to the colon and emphasizes the critical role of chemokine networks in the immunopathogenesis of DCD.
To our knowledge, this study is the first to conduct a single-cell transcriptomic analysis of the T. cruzi-infected colon,
providing a foundation for further exploration of immunoregulatory molecules and pathways that may help elucidate

the mechanisms underlying parasite persistence.
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Abstract:

Human babesiosis is a tick-borne illness that imposes a significant health burden, especially on immunosuppressed
patients. However, immunity to human babesiosis is poorly understood. In this study, we measured the cytokine
response to a Babesia microti infection in a cohort of human babesiosis patients. In addition, we compared cytokine
levels to 1) parasite burden 2) disease severity 3) immune status and 4) antibody levels and report four major findings.
First, we have defined the cytokine profile induced by a B. microti infection. Among 27 cytokines evaluated, there
was a significant difference in the expression level of eight cytokines (IL-1«, IL-6, IL-8, IL-10, IP-10, MIP1-cv, TNF-¢,
eotaxin) in the whole blood of babesiosis patients compared with uninfected controls. Second, we report a positive
correlation between MIP1-« and parasite burden. Third, we propose that eotaxin may promote while PDGFix3
may limit disease severity. Lastly, we have examined the relationship between the cytokine and antibody profiles
of babesiosis patients to better understand the development of humoral immunity to B. microti. Babesiosis patients
produced abundant levels of IgG1 and IgG3, low levels of IgG2, and no IgG4. In addition, IgG2 levels correlate with the
IL-1rev, IL-2, TNFiXcy, and IFNDx7y cytokines and IgG3 levels correlate with the IL-9 cytokine The results of this study

suggest that selective cytokines may be useful as adjunctive immunotherapy for the treatment of human babesiosis.

353



ABSTRACT Poster #96 - Tuesday

Keywords: Infectious Disease

Macrodomain-1 Inhibition sustains innate immunity and reduces SARS-CoV-2

replication

« Presenter: Rahul Suryawanshi

. Authors: Rahul Suryawanshi (1,2), Taha Taha (1), Galen J. Correy
(3,4), Maria McCavitt-Malvido (1), Mauricio Montano (1), Nevan
Krogan (1,4), Alan Ashworth (4,5), James S. Fraser (3,4), Melanie Ott
1,4)

. Affiliation(s): (1) Gladstone Institute of Virology, Gladstone Insti-
tutes, San Francisco, CA, USA (2) Laboratory of Neurological In-
fections and Immunity, Rocky Mountain Laboratories, National
Institute of Allergy and Infectious Diseases, National Institutes
of Health, Hamilton, MT, USA (3) Department of Bioengineering
and Therapeutic Sciences, University of California, San Francisco,
CA, USA (4) Quantitative Biosciences Institute (QBI) COVID-19 Re-
search Group (QCRG), San Francisco, CA, USA (5) UCSF Helen
Diller Family Comprehensive Cancer Center, San Francisco, CA,
USA

Abstract:

Despite advances in vaccination strategies, mild SARS-CoV-2 infections continue to pose a significant risk for long
COVID, emphasizing the need for novel therapeutics with unique mechanisms of action to address emerging re-
sistance and enhance treatment efficacy. The conserved macrodomain 1 (Mac1) within SARS-CoV-2 NSP3, an ADP-
ribosylhydrolase, represents a promising antiviral target due to its role in evading host innate immune responses.
Genetic disruption of Mac1 catalytic activity markedly reduces viral replication in human airway organoids and ani-
mal models, amplifies interferon-mediated immune responses, and improves survival. Building on this foundation,
we introduce AVI-4206, a potent and selective small-molecule Maci inhibitor, which demonstrates robust target en-
gagement and antiviral activity in cellular and organoid models. In vivo, AVI-4206 reduces viral replication, sustains
innate immune responses, and improves survival outcomes, providing pharmacological proof of concept for Mac1
inhibition as a therapeutic strategy. These findings establish Mac1 as a viable antiviral target and lay the groundwork
for developing broad-spectrum therapeutics against SARS-CoV-2 and other viral macrodomains.
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Double negative (CD4 CD87) T cells persist in the gut of mice chronically in-
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Abstract:

Chagas disease (CD) is caused by the blood-borne parasite Trypanosoma cruzi, affecting 6-8 million individuals
mostly in Latin America. Chronic CD involves progressive damage in main organs including the heart and gut of-
ten associated with the persistence of T. cruzi parasites. The gut represents a main parasite reservoir in chronic CD
where smooth muscle cells remain infected. Little is known about the immune response in the gut during chronic
CD. In a mouse model of CD, we observed that the number of double negative T (DNT; CD3+/CD4~/CD87) cells
increased significantly by 1.5-fold during the acute phase and remained in high number during a chronic infec-
tion. Multi-parameter flow cytometry analysis revealed that DNT cells form multiple clusters; 1) Th1-dominated pro-
inflammatory DNT cells, significantly increasing in the acute phase and decreasing in the chronic phase, though re-
maining above control levels; 2) Th2-dominated anti-inflammatory DNT cells were highly elevated in both phases.
We observed DNT cells in bone marrow, thymus, spleen and circulating whole blood. Further, DNT cells inhibited the
release of parasites when added to infected myoblast derived-C2Ci2 cell cultures in vitro. These results suggest that
colon DNT cells predominantly have as an anti-inflammatory phenotype during a chronic T. cruzi infection, favoring

parasite persistence in gut tissue while simultaneously controlling their release in this tissue.
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Abstract:

Dengue virus (DENV) is a growing global public health threat. The lack of symptomatic immune competent animal
models for Dengue has hindered the screening and development of effective therapeutics that can be used to control
dengue virus replication and thereby control the progression to severe dengue disease. To address this, we estab-
lished an infection model in neonatal C57BL/6 mice and showed that a systemic Dengue challenge leads to ataxia,
seizures, paralysis, and death within 15 days. The virus was found predominantly in the eye and brain where DENV
infects neurons but not astrocytes and causes extensive infiltration of macrophages and microglia activation. The
response to infection included upregulation of multiple genes linked to interferons (IFN-c, IFN-3, IFN-v, Irf7, Irf8,
Mx1, Stat1 and Bst2), inflammation (116, Tnfa), complement (Cfb,C1ra,C2, C3), cytolysis (Gzma, Gzmb, Prf1) consistent
with antiviral responses and inflammation together with neuroprotective regulatory signals (Il27, Il10, and stat2).
The increased proinflammatory signature was associated downregulation neurodevelopmental genes (Calbz, Pvalb,
Olig1 and Olig2). We tested the utility of this mouse model by assessing the protection conferred by direct antivirals
JNJ-Ao7 and ST-148 and host-directed antiviral immunomodulatory CpG oligodeoxynucleotide (ODN), alone or in
combination against lethal dengue viral infection. The data showed that immunomodulatory CpG ODN and antivi-
ral JNJ-Ao7 improved survival of neonatal mice, and protection from lethal neurotropic infection was optimal when
treatments were combined. This study suggests that combination of an effective dengue antiviral along with a host

directed therapeutic may be a useful strategy to protect against Dengue virus infections.
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Abstract:

Despite effective suppression of viral SIV/SHIV infection in non-human primates mediated by vaccine-induced
CD8™ Tcells, current CD8™ T cell targeting HIV vaccines have failed to induce immunological control upon HIV-1 ac-
quisition in humans. Recently, we observed that the low cytotoxic capacity induced by these vaccines was attributable
to low functional avidity mediated by HIV-specific T-cell receptors. We investigated CD8™" T-cell avidity in rhesus
macaques during chronic SIV infection or during a six dose, 48-week vaccination regimen with mRNA encoding SIV
Gag. Peripheral blood mononuclear cells (PBMCs) were stimulated for six days with a known CD8* T-cell epitope
derived from Gag, then restimulated with 10-5 to 10-9 M peptide, labeled with SIV Gag MHC tetramer, and analyzed
by flow cytometry for CD107a expression as a marker of degranulation. CD107a was expressed at high levels on non-
progressor/elite controller (LTNP/EC) tetramer+ cells at concentrations of 10-6 to 10-8 M (mean 85%), consistent with
prior data from LTNP/EC humans. Invaccinated animals, there was an increase in the fraction of CD107a+ tetramer+
CDS8™ T cells responding to high concentrations of peptide (4x¥10-7 M) two weeks following the fourth dose com-
pared to two weeks after the second dose (mean 15.8% CD8™ tetramer+ CD107a+ cells across 10-5 to 10-7 M dilutions
vs. 72.9%), but no increases thereafter. However, at 10-8 M SIV Gag peptide, a concentration equivalent to that dis-
played on infected CD4™ T cells in vivo, the percent of CD107+ tetramer+ CD8™ T cells did not exceed 25%. These
results show that successive mRNA vaccination is associated with only limited increases in CD8" T-cell avidity that
fails to reach the level of chronic infection. Furthermore, these results suggest that additional vaccination strategies
or persisting viral vectors are needed to drive further clonal selection and functional avidity to the levels needed for
immunologic control of a challenge virus.
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Abstract:

In 2022 the World Health Organization published the fungal priority pathogens list naming the opportunistic fun-
gal pathogen Cryptococcus neoformans to the highest priority group. Life-threatening infections often occur in im-
munocompromised individuals, such as those with HIV/AIDs or taking immunosuppressants, highlighting the criti-
calrole of T cell-mediated immunity in controlling cryptococcal infection. Most studies examining the T cell response
to Cryptococcus neoformans use an acute infection model where animals uniformly succumb to intranasal challenge
after 20-50 days. However, the acute model of pulmonary cryptococcosis fails to capture the complexity of human
infection, which, in most immunocompetent individuals, will result in fungal clearance or containment within lung
granulomas. Given increasing diagnoses of Cryptococcus neoformans in apparently healthy individuals, models that
allow analysis of early, peak, and late phases of cryptococcal infection are needed. To address this problem, we use a
published T>gcs1 Cryptococcus neoformans strain that causes a chronic infection whereby animals form lung granu-
lomas and 75% survive past 150 days post-infection. Unlike acute cryptococcal infection, we have a poor understanding
of the T helper (Th) subsets that confer protection and/or antagonize sterilizing immunity during chronic infection.
Here, we use flow cytometry to track T cell dynamics during chronic infection in both the lung and lung-draining
mediastinal lymph node (mLN). We find three distinct waves of T cell responses in the lung. The first wave consists
of CD4™ GATA3hi IL-5 and IL-13 producing Th2 cells and peaks at 3 weeks post-infection. This is followed by an ex-
pansion of T-bet+ IFN-o? producing Thi cells in both the lung and mLN, which correlates with the peak lung fungal
burden. Finally, RORvt+ IL-17A+ Thi17 cells emerge as the lung fungal burden declines. Given these data, we hypoth-
esize the waves of Th2, Th1 and Th17 cells have discrete temporal roles in host protection and plan to investigate the

immune and/or fungal driven signals that may initiate each Th response during infection.
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Abstract:

A novel heterozygous germline point mutation in the human transcription factor IKZF3 (p.N160S) has been associ-
ated with increased defects in primarily B and T cell development and functionality. Previous studies reported that
affected patients had hypogammaglobulinemia and showed abnormalities in B cell maturation as well as impaired
CD40L/CD40 pathway signaling. The B cell defects in conjunction with impaired function of T cells, including their
Th polarization, likely contribute to the patients’ susceptibility to opportunistic infections, including Pneumocystis
pneumonia (PCP). Genetically modified mice with the mutation in Ikzf3N159S appear to recapitulate the human im-
munophenotype. Given the B cell dysfunction and susceptibility to PCP in humans, we undertook studies to examine
the susceptibility of Tkzf3N159S mice to Pneumocystis using a co-housing model. As expected, by 5-6 weeks following
initial exposure, all mice (wild-type, heterozygous, and homozygous of the Ikzf3N159S mutation) were infected with P.
murina, as determined by qPCR of the single copy dhfr gene. Surprisingly, after 10 weeks of infection, all Ikzf3N159S
mice had cleared the infection. Despite this, the homozygous Ikzf3N159S mice showed a delay in their Pneumocystis-
specific antibody responses. Given the previously demonstrated importance of B cells in controlling Pneumocystis
infection, this study supports that B cell functions beyond antibody production, such as antigen presentation, help
control infection. Studies are ongoing to identify and delineate the pathways defective in naive Ikzf3N159S, including
CD4™ T cell differentiation and B cell proliferation, that still allow for the control of PCP.
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Abstract:

Sialic acids are a diverse family of nine-carbon backbone monosaccharides which are ubiquitous terminal modifica-
tions of N- and O-linked glycoproteins, as well as glycolipids. There is growing evidence that sialic acids may both
facilitate or impede cellular entry of a variety of viruses by serving as their primary receptors, accessory attachment
factors or receptor decoys, respectively. Alternatively, sialic acids on the virions’ surface may be recognized by mem-
bers of the siglec family of cellular glycoproteins, thus facilitating virus attachment and cell fusion. The latter mecha-
nism has already been shown to play a role in Ebola virus (EBOV) infection (Perez-Zsolt et al. 2019), but the role of cell
surface sialic acid(s) in filovirus entry remained largely understudied. Using fusion competent, but replication inca-
pable, beta-lactamase containing VLP, pseudotyped with glycoproteins from most of the clinically relevant filovirus
species, we established that contrary to the behavior observed for many other viruses, reduction of cell surface sialic
acid(s) significantly augmented filovirus GP-mediated cell fusion in primary human MDM and two human cell lines.
The increased entry was a result of enhanced VLP binding to and subsequent endocytosis by the target cells. In sum-
mary, the findings from our studies contribute to better understanding of the filovirus cellular entry mechanisms
and thus may be helpful in identifying novel anti-filovirus therapies. The acquired expertise in studying filoviruses
under biosafety level (BSL-2) conditions, instead of the highly restricted BSL-4 environment, will also be beneficial
for the development of adequate, readily available BSL-2 compatible methods for characterization and quality control

(potency assessment) of existing and/or emerging filovirus entry inhibitors.
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Abstract:

Kupfter cells (resKCs) are embryonically derived, tissue-resident macrophages (TRMs) in the liver that are self-
maintained during homeostasis. We previously demonstrated that resKCs are partially replaced by monocyte-derived
KCs (moKCs) during visceral leishmaniasis (VL), and that ontogenic macrophage heterogeneity, comprising of resKCs
and monocyte-derived macrophages (moMacs), is important for effective Leishmania infantum control in the livers of
female C57BL/6 mice. Here, we investigated how sex and genetic background influence the conversion of monocyte-
derived cells to tissue-resident macrophages (TRMs), both in steady state and during visceral leishmaniasis (VL). The
Ms4a3°™ mouse model is used to specifically fate-map monocytes and granulocytes, and, when bred with RosaTdT,
enables the identification of granulocyte-monocyte-progenitors (GMP) derived monocytes and their progeny through
tdTomato expression. Using female and male fate-mapping mice on C57BL/6 and BALB/c backgrounds, we compared
their monocyte/TRM composition in naive mice. We found no difference in the frequency of tdTomato+ cells be-
tween sex; however, C57BL/6 mice exhibited more tdTomato+ cells than BALB/c mice in the macrophage population
of the liver, lungs, and peritoneum. Hence, genetic background has a stronger effect on monocyte-TRM conversion
than sex, in steady state. At 6 weeks post L. infantum infection (w.p.i), C57BL/6 and BALB/c mice showed no sex

differences in the macrophage composition. However, while C57BL/6 mice exhibited a reduction in resKCs and an
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increase in moMacs, BALB/c-infected livers primarily contained KCs. Furthermore, C57BL/6 L. infantum-infected
livers showed numerous and larger granulomas, along with an increased number of iNOS+ clusters, compared to
BALB/c infected livers. At 13 weeks post-infection (w.p.i.), preliminary data indicates that C57BL/6 females control
parasite growth more effectively than both C57BL/6 males and BALB/c mice of either sex. Our study reveals that ge-
netic background influences monocyte-macrophage conversion during both homeostasis and L. infantum infection,

and increased macrophage heterogeneity in C57BL/6 compared to BALB/c mice results in improved parasite control.
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Abstract:

Type 2 immunity plays an important role in maintaining tissue homeostasis and providing protection during
helminth infection and expulsion. Upon induction, the type 2 response is characterized by an increase in TH2-derived
cytokines that can mediate the polarization of macrophages into alternatively activated macrophages (AAMs); cells
that have a critical role in the resolution of inflammation and tissue damage caused by the parasites. Accompany-
ing their polarization, macrophages experience changes in their metabolic profile that lead to sufficient energy and
metabolic intermediates for proper function. Tissue heterogeneity can regulate macrophage activity in a distinctive
manner, leading to a spectrum of activation states in the tissue. Hence, the metabolic reprogramming of tissue-
specific macrophages could differ during acute and chronic helminth infections. Using a spectral flow cytometry-
based immunometabolism panel and SCENITH, we investigated the metabolic reprogramming of tissue-specific
macrophages in a Type 2 in vivo setting during acute Nippostrongylus brasiliensis and chronic Schistosoma man-
soni infection. We find that CPT1a and PKM are upregulated in both alveolar and interstitial macrophages in the
lungs of N. brasiliensis infected mice through a STAT6 dependent mechanism and OXPHOS activity is increased by
SCENITH analysis. However, liver macrophages from S. mansoni infected mice upregulate CPT1a through a STAT6
independent mechanism. Future experiments will determine the role of CPT1a and PKM in macrophage activation
during these helminth infections.
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Abstract:

Pathogen infection of host cells triggers an inflammatory cell death termed pyroptosis via activation of inflamma-
tory caspases. However, blockade of immune signaling kinases by the Yersinia virulence factor Yop] triggers cell
death involving both apoptotic caspase-8 and pyroptotic caspase-1. While caspase-1 is normally activated within
inflammasomes, Yersinia-induced caspase-1 activation is independent of known inflammasome components. We
report that caspase-8 is an essential initiator, while caspase-1is an essential amplifier of its own activation through
two feed-forward loops involving caspase-1auto-processing and caspase-1-dependent activation of gasdermin D and
NLPR3. Notably, while Yersinia-induced caspase-1 activation and cell death are inflammasome-independent, IL-15
release requires NLPR3 inflammasome activation. Mechanistically, caspase-8 is rapidly activated within multiple foci
throughout the cell, followed by assembly of a canonical inflammasome speck, indicating that caspase-8 and canon-
ical inflammasome complex assemblies are kinetically and spatially distinct. Our findings reveal that functionally
interconnected but distinct death complexes mediate pyroptosis and IL-153 release in response to pathogen blockade
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of immune signaling.
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Abstract:

Obesity represents a serious and growing health problem and is a comorbidity for viral infections in the lungs. How-
ever, the impact of obesity on pulmonary bacterial infections is poorly understood. Utilizing a diet-induced obesity
(DIO) mouse model, we previously demonstrated that obese mice were more resistant to pulmonary infection with
the virulent bacterium Francisella tularensis (Ft) SchuS4, and an early COX-2- derived prostaglandins (PG) produc-
tion, correlated with increased survival. However, we did not determine if this outcome was specific to Ft and if a
specific PG or the family as a whole mediated the protective response. In this study, DIO and regular weight (RW)
mice were intranasally challenged with Ft SchuS4, attenuated Ft LVS, and Bordetella pertussis (Bp). Regardless of
the infecting agent, DIO mice were more resistant to infection, had elevated levels of PG in the lung, and had im-
proved inflammatory responses compared to RW controls. Improved control of inflammation in DIO lungs following
pulmonary infection was associated with decreased cell death as reflected by flow cytometric analysis, changes in ef-
ferocytic markers, and functional efferocytosis among DIO mice compared to RW controls. We then identified the PG
responsible for the protective effects observed in DIO mice. In contrast to PGE2, PGD2 and its metabolites, damp-
ened inflammatory responses following infection of macrophages with Ft or Bp. However, the mechanism of this
protection was dependent on the infecting bacterium. Together these data demonstrate that an early production of
PG, specifically PGD2 in obesity has important contributions to the relative susceptibility of the host to pulmonary

bacterial infection.

366



ABSTRACT Poster #107 - Tuesday

Keywords: Infectious Disease, Innate Immunity

IL-1R1 signaling protects against ferroptosis-driven disease exacerbation dur-

ing Mycobacterium tuberculosis infection

« Presenter: Eduardo Pinheiro Amaral

- Authors: Eduardo P. Amarali, Paul]. Baker1,2, Ehydel Castro1, An-
drea C. Bohrer1, Edmee Eyraudi, Flor Torres-Juarezi, and Katrin D.
Mayer-Barber1.

. Affiliation(s): 1 Inflammation and Innate Immunity Unit, Labora-
tory of Clinical Immunology and Microbiology, National Institutes
of Allergy and Infectious Diseases, National Institutes of Health.
2 Current Address: Centre for Innate Immunity and Infectious
Diseases, Hudson Institute of Medical Research, Clayton, Victoria
3168, Australia and Monash University, Clayton, 3800 Australia

Abstract:

Cellular and tissue necrosis both result from defects in tissue remodeling programs and have been strongly associ-
ated with increased host susceptibility to infection. In the case of Mycobacterium tuberculosis (Mtb) infection, a lead-
ing global killer, tissue necrosis may promote bacterial transmission and disease exacerbation. We have previously
shown that IL-1 receptor (IL-1R) signaling is an important host component in limiting bacterial replication, disease
exacerbation and tissue necrosis following Mtb infection in mice. However, the underlying molecular mechanisms
of Mtb-induced necrosis in the absence of IL-1R remain unclear. Here, we explored different cell death modalities by
western blot in the necrotic lungs of Mtb-infected Ilir1i-/- mice, and demonstrate strong parallel activation of apopto-
sis, secondary necrotic, pyroptotic and necroptotic pathways within the same tissue. However, the genetic disruption
on pyroptosis, necroptosis and secondary necrosis pathways in Ilir1-/- mice through generation of Ilir1,gsdmd, gs-
dmd, mlklk-/- quadruply-deficient mice did not result in less tissue pathology nor enhanced host control compared to
Il1r1-/- mice. Thus, conventional programmed cell death pathways do not seem to contribute to the increased bacte-
rial burden and mortality of the IL-1R-deficient animals. Instead, when we genetically depleted Bachi, a transcription
factor regulating of ferroptotic forms of cell death, in IL-1R-deficient mice, we found that Mtb-infected Ilir1,bachi-/-
mice exhibited markedly reduced tissue necrosis, increased survival and reduced lung bacterial loads compared to
the highly susceptible IL-1R-deficient mice. Accordingly, the enhanced Mtb-induced necrosis seen in IL-1R-deficient
macrophage cultures was suppressed by ferrostatin-1 (Fer-1), a well-characterized ferroptosis inhibitor, as well as by
iron chelation. Together, these findings provide important genetic evidence that IL-1R signaling has critical cyto-
protective functions by limiting Mtb-induced ferroptosis and implicate this pathway as a potential target for host-
directed therapy of TB.
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Abstract:

Proteins of the CD225 superfamily regulate diverse membrane trafficking events, such as neurotransmitter release,
glucose transport, and antiviral immunity, but the shared mechanism remains unclear. This study reveals that CD225
proteins contain a conserved SNARE-like motif that binds canonical SNARE fusogens and regulates membrane fu-
sion in mammalian cells. We show that one CD225 protein, interferon-induced transmembrane protein 3 (IFITM3),
interacts with endosomal SNARE proteins and promotes endosome-to-lysosome fusion. This interferon-inducible
pathway represents a novel cell-intrinsic antiviral defense mechanism and results in the diversion of Influenza A virus

towards lysosomes for degradation.

368



ABSTRACT Poster #109 - Tuesday

Keywords: Infectious Disease, Innate Immunity

Bone marrow cDC1 are sensors that regulate in situ interferon-gamma priming

of monocytes during systemic Type 1 infections

- Presenter: Dragana Jankovic

« Authors: Dragana Jankovic, Victoria Peluf, Gabriela Pessenda,
Sandy Oland, Alan Sher and P'ng Loke

- Affiliation(s): Laboratory of Parasitic Diseases, NIAID

Abstract:

In the absence of TLR11/12 (or ¢DC1) mice fail to mount Toxoplasma gondii-specific IL-12 response and succumb
rapidly after the parasite exposure. Unexpectedly, the magnitude and quality of other cytokine and chemokine re-
sponses in T. gondii-infected TLR11/12-/- mice were comparable to the ones in control animals. Although the initial
immune response at the site of infection was largely unperturbed in TLR11/12-/- mice, the bone marrow cells displayed
compromised IL-12 signaling (measured by decreased induction of pSTAT4) as well as compromised IL-12-dependent
IFN-v signaling (measured by down-regulation of IFN-¢R, Ly6A/E, and CD317). Moreover, while IFN-+ levels both at
the site of infection and systemically were undiminished, pool of iNOS+ inflammatory monocytes was significantly
decreased in TLR11/12-/- mice. By examining how IL-12 mediates host protection, we revealed the parasite-triggered
IL-12 production by bone marrow cDC1 that is required for in situ activation of NK cells and CD11b+LyCé6hi monocytes.
In addition, we show activation of bone marrow c¢DC1 after i.v. but not s.c. challenge with other Type 1 pathogens
(BCG or Leishmania). Taken together, our results support a model in which, in case of sever or disseminated infec-
tions, pathogen-sensing by "sentineld” ¢cDC1 in bone marrow augments tissue IFN-~y production to exceed the level

systemically available to assure rapid mobilization of adequately primed pro-inflammatory monocytes.
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Abstract:

IgA is one of the most important immune components found in mother’s milk. It is vertically transmitted to in-
fants’ immature mucosal system providing protection from viral and bacterial infections including those caused by
the enteric noroviruses and rotaviruses. Enteric viruses were classically known to be transmitted through the fecal-
oral route but we recently demonstrated that they can also transmit via saliva (Ghosh et al., Nature 2022). Using a
lactating mouse model, we showed that saliva of a suckling norovirus or rotavirus infected infant can transmit the
infection to the mother’s mammary glands and induce a rapid IgA response in her milk. Now we demonstrate that
these milk IgAs are protective, produced largely by early life origin (ELO) B cells located within the mammary gland
and in their absence the infection in infants is enhanced in viral load and prolonged. Notably, these IgAs have cross-
neutralizing antiviral properties and block a wide variety of viral infections even though the mothers’ themselves have
never encountered these viruses prior to their infants becoming infected. We show that these unique IgAs neutralize
by binding to phosphatidylserine lipids, which are abundant in the membranes surrounding individual enveloped
virus particles such as coronaviruses as well as noroviruses, rotaviruses, and picornaviruses. The latter, although
"non-enveloped?” are known to be transmitted en bloc in extracellular vesicles whose membranes are enriched in
phosphatidylserine lipids. Our findings have broad implications for not only understanding immune responses in
the context of mammalian biology but also for designing antiviral treatments based on manipulating these broadly

neutralizing IgA’s in milk.
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Abstract:

We recently discovered that salivary glands are a major site of norovirus replication and oral-oral transmission is
facilitated by salivai. However, the cell types infected and the role of saliva in virus dissemination remains to be elu-
cidated. Mice inoculated with norovirus became positive for virus in salivary glands and intestine plus associated
lymphatic tissues. Notably, enteric infection of salivary glands and associated lymph nodes resulted in little to no in-
flammation or cell death. Furthermore, the majority of virus shed into saliva was in the form of vesicle-cloaked viral
populations, the latter a highly virulent infectious form compared to free virus particles by enabling high multiplicity
of infection and shielding from antibodies. In contrast, the intestinal infections resulted in high levels of inflam-
mation and cell death and feces was largely composed of free viruses that were released from lytic cells. Three days
post inoculation, proliferation of regulatory T cells in the mandibular lymph node and the development of tertiary
lymphoid structures containing Tregs in infected salivary glands was shown and may be responsible for the lack of
tissue damage. Furthermore, the majority of virus was present and replicating in CD45+ immune cells and EpCAM+
epithelial cells. Spatio-temporal analysis of the infection revealed that the earliest and highest viral pools were asso-
ciated with mandibular lymph node CD45+EpCAM+ cells, suggesting that these cells potentially play a sentinel role in
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disseminating norovirus. Further analysis of this unique cell population revealed similarity to Langerhans cells based
on cell markers and the presence of Birbeck-like granules. Our findings suggest that viruses can have vastly differing

infectious forms and thereby transmission efficiencies based on replication sites.
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Abstract:

Previous work in our lab has shown that many chemokines, including CCL21, are able to kill bacteria by binding to
the anionic phospholipids phosphatidylglycerol and cardiolipin on the bacterial plasma membrane. CCL211is a potent
antimicrobial and, unlike most other chemokines, contains an extended C-terminal region containing many cationic
residues. Here, we investigate the role of this basic C-terminal tail in the antimicrobial activity of CCL21. For this,
we expressed recombinant full-length and C-tail truncated forms of CCL21 in a mammalian expression system. We
confirmed that both forms of CCL21 were capable of signaling through CCR7, the cognate cellular receptor for CCL21,
indicating that both proteins were active and properly folded. However, while full-length CCL21 killed E. coli with
an IC50 =1.6 AuM, the C-tail truncated mutant was completely innocuous to bacteria. Importantly, consistent with
our proposed mechanism for microbial killing by chemokines, we found that full-length CCL21 binds cardiolipin-
containing liposomes, whereas the truncated mutant does not. This indicates that the extended C-tail of CCL21 is
necessary for phospholipid binding and bacterial killing. Furthermore, using a library of different peptides for the
C-tail of CCL21, we defined the specific amino acid residues required for these activities. Overall, our data point to
the cationic residues in the CCL21 C-terminal extension that drive the potent antimicrobial activity of this chemokine
and delineate the structural determinants for chemokine-cardiolipin interactions. Our research might guide the de-

velopment of future chemokine-derived antimicrobial therapies.
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Abstract:

The intestinal epithelium is a critical interface between gut microbiota and the host, extending beyond nutrient ab-
sorption to detect microbes and initiate inflammatory responses. Tuft cells are rare chemosensory epithelial cells
within the intestinal lining that produce IL-25 in response to microbe detection to activate type 2 innate lymphoid
cells (ILC2s). Upon receiving IL-25 signals, ILC2s reciprocally secrete IL-13 that acts on intestinal crypt stem cells to
enhance the differentiation of the secretory lineage, thus promoting tuft cell expansion as part of a Tuft-ILC2 feedback
loop. Injection of IL-4 or activation of ILC2s via A20 ablation leads to tuft cell expansion in the small intestine but not
in the colon, suggesting a different regulatory mechanism for colonic tuft cells and potentially pointing towards cues
derived from the microbiota. Here, we find that colonic tuft cell expansion is driven by the commensal/food-derived
fungus Wallemia mellicola (W. mellicola). Preliminary results reveal that oral administration of Wallemia mellicola
(W. mellicola) in mice induces colon-specific tuft cell expansion and activates colonic ILC2s that recirculate to the
lungs. This phenotype persists in Staté-/- mice, indicating an expansion circuit independent of type 2 cytokines. No-
tably, W. mellicola supernatants alone promote tuft cell differentiation from intestinal stem cells in organoid cultures,
even without IL-4 or IL-13, suggesting secretion of a bioactive molecule that modulates epithelial cell differentiation.
Initial biochemical analysis shows this activity is retained after ammonium sulfate precipitation and is heat- and pro-
teinase K-sensitive, indicative of a protein. Ongoing work aims to identify this protein, elucidate its effect on crypt
stem cell transcriptional programs, and test if purified recombinant protein can induce tuft cell differentiation in vitro
and invivo. Given that W. mellicola dysbiosis is associated with heightened asthma sensitivity, this study could reveal
novel paradigms for fungal influence on intestinal epithelial reconstitution and coordination of type 2 responses in

the colon and distal organs like the lungs.
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Abstract:

While cytomegalovirus (CMV) rarely induces colitis in immunocompetent individuals, CMV reactivation is a pri-
mary cause of colitis in immunocompromised patients. However, the mechanisms by which CMV infects the colon,
promotes inflammation, and establishes latency are unclear. We characterized infection of the colon following in-
traperitoneal administration with OVA-peptide (SIINFEKL)-expressing MCMYV. As previously reported, the viral load
in colon tissue peaked at 5 days post infection (dpi). Recruited early, neutrophil and inflammatory monocyte (IM)
levels peaked at 5dpi, with 6-fold (p<0.001) and 23-fold increases (p<0.0001), respectively, relative to naive mice. v T
cell presence increased at 5 dpi and CD8ixix¢+ T cells reached peak levels at 7 dpi (14-fold increase, p=0.001). Prior
studies found that colonic macrophages (cMPs) avidly capture antigens from the blood and that the CD169+ cMP sub-
population provides inflammatory chemokines during acute DSS colitis. Preliminary results indicate that CD169+
cMP-depleted transgenic mice had reduced IM infiltration (7-fold decrease, p<o.001) and tended to have lower vi-
ral loads, compared with littermate controls (n=4). Importantly, CD169+ cMP in wildtype mice presented SIINFEKL
peptide on MHCI throughout active infection. Together, these data describe the inflammation in the colon follow-
ing systemic MCMV infection and suggest a role for CD169+ cMPs in virus uptake, induction of inflammation, and
antigen presentation in this model.
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Abstract:

A key feature of many fungal pathogens that cause human disease is the ability to establish chronic, latent infec-
tions. These infections are often contained within pulmonary granulomas, highly organized structures comprised
of immune cells that act to confine pathogens but reciprocally generate a microenvironment that allows microbial
persistence. An important question is whether the failure to generate sterilizing immunity in fungal granulomas is
due to active immunosuppressive circuits. Here, we report that oxysterol-dependent recruitment of Th2 cells into
granulomas is a driver of chronic infection. Spatial transcriptomics of fungal granulomas in mouse models reveal a
myeloid-rich core composed of heterogenous populations of macrophages and monocytes (Macs/Mons), surrounded
by a distinct cuff of excluded T and B cells. We find a cluster of Macs/Mons close to the granuloma center highly
expressing Argl, a canonical marker of alternatively activated macrophages. By flow cytometry and genetic fate map-
ping, we find that ARG1 induction is restricted to monocyte-derived cells in the granuloma, and Staté specific de-
pletion in CCR2+ cells results in fungal clearance, suggesting an immunosuppressive role of these monocyte-derived
myeloid cells. Indeed, while wild type mice show a 75% survival and persistent fungal burden in the lungs out to
140 days, all 114/1113 double knockout mice survive the infection with undetectable pulmonary fungal burden at the
endpoint. Among all IL-4/IL-13 producers, we find that only T helper 2 (Th2) cell deletion results in a fungal clear-
ance. Furthermore, we identify the chemotactic receptor GPR183 as a major regulator of Th2 cell positioning and
activation in granulomas, as Th2-specific deletion of GPR183 does not impair T cell entry into the lungs but results
in decreased pulmonary fungal burden. The ligand of GPR183, 7a,25-hydroxycholesterol (7a,25-HC), is derived from
25-hydroxycholestrol (25-HC) generated by the enzyme CH25H. Depletion of the CH25H in CD11c+ cells abolished
GPR183-dependent migration activity in lung tissues, suggesting that myeloid cells are the major source of GPR183
ligands. Our study defines an oxysterol maintained Th2-myeloid circuit that establishes a local immunosuppressive
environment driving fungal persistence, and identifies new targets for immunotherapy to treat latent, chronic fungal

infections.
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Abstract:

Not all natural infections or vaccines elicit protective immune responses. The underlying mechanisms responsible for
immunity, particularly to pulmonary bacterial infections, are poorly understood. To investigate the underlying mech-
anisms for failed pulmonary protective immunity, we undertook a multiomics approach to compare two well char-
acterized models of adaptive immunity driven by bacterial infection, Bordetella pertussis and Francisella tularensis.
While CD4™ T cells mediate immunity in both cases, there are stark differences in the ability of these cells to provide
protection during infection. Single cell RNA sequencing and flow cytometric analysis revealed that CD4™ T cells fa-
vored proliferation immediately after secondary B. pertussis infection but stagnated during F. tularensis challenge.
Instead, rapid production of IFN-o® by F. tularensis elicited T cells induced IDO1 expression by endothelial cells and
subsequent depletion of pulmonary tryptophan, which negatively impacted T cell proliferation. Imaging confirmed
the spatial association of immune cell centers and IDO1-expressing macrovascular endothelial cells underscoring the
impact of the microenvironment on T cell function. Our study highlights the utility of multiomics analysis to uncover

cellular interactions within complex tissues.
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Abstract:

Viruses are among the most efficient pathogens. They rapidly infect a cell, undergo translation-replication, and shut
down host-cell processes. Among these, the cytokine response is hindered by viral proteases that cleave host pro-
teins within the type I interferon pathway, creating a kinetic "arms race.d” For many viruses, the kinetics-dynamics
of type I interferon signaling are well known, as are the cytokines necessary for a successful response. One unex-
plored area is whether cells discriminate doses of virus to alter the cytokine milieu and exhibit temporal control in
response to the changing dose. To examine whether cells alter their response with time and dose, we infected HeLa
cells with the model virus coxsackievirus B3 at inoculums over three orders of magnitude for 2, 4, 6 or 12 hours and
prepped RNA for sequencing and differential gene expression analysis. Many cytokines were among the differentially
expressed genes. Further, the data resulted in three clusters with dose, but not time, being the driving factor. For ex-
ample, cells inoculated with the highest dose of virus after just 2 hours clustered with a moderate dose at 4 hours and
a low dose at 6 hours. At these time points, the amount of replicated virus is approximately equal when measured
by quantitative PCR. Thus, cells dynamically interpret the dose of virus in cells to alter transcriptional programs in
time as the amount of virus changes. Next, we explored beyond transcription by measuring the released cytokines
and chemokines. To do so, we infected macrophages with a high or low dose of the model coronavirus murine hep-
atitis virus (MHV). Supernatants were collected over time and analyzed using a bead-based assay to quantify nine
cytokines and four chemokines. The high-dimensional dataset was projected onto two dimensions using principal
component analysis (PCA) from which we derived metrics that allowed us to interpret which principal component(s)
most contributed to groupings in our data. Samples belonging to the low-dose MHV group were more dependent on
PC1, whose loadings were dominated by cytokine responses. By contrast, samples belonging to the high-dose MHV
group were more dependent on PC2, whose loadings were dominated by chemokine responses. Such dichotomy in
inflammatory responses between low-dose and high-dose infections may reflect evolutionarily optimized responses
forhost cells. Indeed, MHV encodes proteases that mitigate host cytokine responses; thus, cells severely infected with

MHYV may rely on chemokine responses to recruit innate immune cells to help clear the infection at high doses. Cells
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less infected can mount an efficient cytokine response that alerts surrounding hosts to infection, providing a host-cell
mechanism to limit viral transmission without the need to heavily recruit immune cells. Results were similar when
the same experiment was performed with primary bone marrow-derived macrophages. Altogether, these prelimi-
nary results suggest that cells can discriminate virus dose to activate different transcriptional programs that alter the
cytokine milieu. Future studies will link the cytokine milieu to immune cell activation and clearance of infected cells

in co-cultures to determine the mechanism by which dose discrimination optimizes viral clearance.
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Abstract:

Phosphorylation of Smads is a critical mediator of TGF-ix¢ signaling, which plays an important role in regulating
innate immune responses. However, whether Smad3 activation can be regulated in innate immune cells in TGF- -
independent contexts remains unknown. Here, we show that Smads is activated through the phosphorylation of its
C-terminal residues (pSmad3C) in murine and human macrophages in response to bacterial and viral antigens, which
is mediated by Activin A in a TGF-ix¢ independent manner. Specifically, infectious ligands, such as LPS, induced se-
cretion of Activin A through the transcription factor STAT5 in macrophages, and Activin A signaling in turn activated
pSmad3C. This Activin A-Smads3 axis controlled the mitochondrial ATP production and ATP conversion into adeno-
sine by CD73 in macrophages, enforcing an anti-inflammatory mechanism. Consequently, mice with a deletion of
Activin A receptor 1b specifically in macrophages (Acvribf/f-Lyz2cre) succumbed more to sepsis due to uncontrolled
inflammation and exhibited exacerbated skin disease in a mouse model of imiquimod-induced psoriasis. Thus, we
have revealed a previously unrecognized natural brake to inflammation in macrophages that occurs through the ac-

tivation of Smad3 in an Activin A-dependent manner.
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Abstract:

Macrophages are a heterogeneous cell population that are imprinted by the tissue microenvironment. We and others
have identified two independent tissue-resident macrophages (TRMs) in the mouse colon at steady-state. Using scm-
RNA we identified these two major TRM populations based on their unique surface markers (MMR/CD206hiCD169+
and CD11c+CDohi), transcriptomic profiles (i.e. wounding and tissue repair and antigen presentation), and their
developmental trajectories, as well as by their distinct tissue localization by immunofluorescence staining. While
intestinal TRMs may originate from a common Ly6Chi precursor, other TRMs expressing TIM4+, known as tissue
long-resident macrophages, are believed to stem from embryonic precursors. However, the actual origins and func-
tional roles of these TRMs in the steady or inflammatory state of the colon remain unclear. Our studies indicate
that in the steady state approximately 90% of CD11c+CD9ohi TRMs are TIM4-, while CD206hiCD169+ TRMs are both
TIM4- and TIM4+at a ratio of 50:50. TIM4+CD169+ TRMs are predominant in Ccr2-/- mice, whereas TIM4-CD169+
cells are predominantly BM-derived in CCR2-/-/WT BM chimeric mice, suggesting diverse precursor origins for MM-
RhiCD169+ colonic TRMs. Differential gene expression between TIM-/+CD169+ TRMs is minimal, and their localiza-
tion in the lower parts of the lamina propria, submucosa, and muscularis layers is independent of TIM4 expression,
indicating that the tissue microenvironment rather than the cell of origin plays a crucial role in determining TRM
properties. Using specific TRM-depletion strategies, in the steady-state the absence of CD11c+CDohi cells, but not

CD206hiCD169+ cells, increases the infiltration of monocytes and neutrophils into the colon tissue. In the DSS-colitis
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model, CD206hiCD169+ TRMs, not CD11c+CDohi TRMs, are crucial for disease onset, while neither is indispensable
for recovery. Our ongoing investigation focuses on the functions of these TRM populations in both steady-state and
during colitis, and possible cross-regulation between CD11c+CD9hi and CD206hiCD169+ TRMs. The observation of
elevated expression of chemokines (Cxcl1/2, Ccl4, Ccl7/8, Ccl24) by CD206hiCD169+ TRMs, specific localization in the
colon, and their accumulation in the absence of CD11c+CDohi TRMs prompt further exploration of their interplay.
We have also identified analogous cells in human healthy and inflammatory colon from public databases, based on
conserved cellular markers between species. Collectively, our findings underscore the conserved divergence of colon
macrophage populations in mice and humans and shed light on the physiological significance of this dichotomy in
regulating immunological homeostasis in the intestine.
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Abstract:

Neutrophils are a key component of the innate immune system. While historically considered a circulating cell, recent
mouse models indicate that a small proportion of neutrophils could be tissue-localized in homeostasis. Important
questions remain: How are neutrophils distributed in the body? What are their circulating and tissue half-lives?
What percentage are extravascular? Where in tissues are they localized? To address these, we combined PET/CT,
in vivo flow cytometry (serial intravascular staining, SIVS), mathematical modeling, and tissue imaging, in a rhe-
sus macaque model. Live-tracking of ex vivo Zr-89 labeled cells by PET/CT revealed that neutrophils quickly pass
through the lungs before migrating to the spleen, liver, and bone marrow, where they remain in a steady state. Using
SIVS for direct labeling and tracking of circulating cells, we established that the circulating half-life of rhesus neu-
trophils is significantly shorter (0.4-8.8 h) than previous human studies have estimated (17 h). Previously circulating
neutrophils are detectable in tissues for at least 24 hours. Tissue flow cytometry of in vivo labeled cells revealed that
approximately 1% of neutrophils are extravascular in homeostasis. Multiplexed confocal imaging of tissue-localized
neutrophils indicates their localization in the spleen is not random but parafollicular, in proximity to migrating B and
T cells. Ongoing work is aimed at establishing the spatial localization of neutrophils in other tissues.
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Tox2 governs ILC2 subset abundance via control of GATA-3 expression

Abstract:

and contribute to allergic airway inflammation. ILC2s express surface cytokine receptors such as IL33R, IL-7Ra,
and IL-2Ra, enabling them to detect and respond to local damage and environmental signals. Upon stimulation by
epithelial-derived cytokines IL-33, IL-25, and TSLP, ILC2s produce effectors including IL-5, IL-13, and amphiregulin.
ILC2s exhibit heterogeneity in the lungs of adult mice upon experimental challenge such as papain, where two subsets
are described based on the expression of KLRG1 and ICOS. One subset with higher KLRG1 expression produces IL-5
and IL-13 and is termed proinflammatory ILC2. The other subset has higher levels of ICOS and produces amphireg-
ulin, and is termed tissue-repair ILC2. Although several transcription factors, including GATA-3, RORiX;], Bcliib,

Gfi-1, and Mef2d, are known to be important for ILC2 development and function, the transcriptional regulation that
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governs ILC2 subset heterogeneity remains unknown. We found that lung ILC2s expressed transcription factor Tox2,
which was required for their survival and function. In Tox2-deficient mice, ILC2 numbers were reduced and their abil-
ity to secrete IL-13 was greatly impaired, whereas their IL-5 production was minimally affected. These results were
evident both in vitro and in vivo during airway inflammation induced by papain or Alternaria fungal allergen. We
also found GATA-3 expression was lower in bone marrow and lung ILC2s from Tox2-/- mice. Forced expression of
GATA-3 in Tox2-/- ILC2s by retroviral transduction rescued their survival, and restored IL-13 and IL-5 production but
did not recover the expression of other Tox2-dependent ILC2 genes. We conclude Tox2 regulates ILC2 lineage genes
via a GATA-3 dependent mechanism, and also by other mechanisms independent of GATA-3 regulation. To identify
additional gene targets of Tox2, we performed single-cell RNA sequencing (scRNA-seq). This analysis identified sev-
eral ILC2-associated genes, including Areg (amphiregulin), Pdcd1, and Odci, as targets of Tox2. Furthermore, the
proinflammatory ILC2 subset expressed higher levels of Tox2 and GATA-3 than the tissue-repair ILC2 subset. Con-
sistently, Tox2-deficient mice displayed a dramatic reduction in the number of proinflammatory ILC2s but a more
modest reduction in the number of tissue-repair ILC2s. These findings indicate that Tox2 plays a subset-specific role,
preferentially regulating proinflammatory ILC2s. Finally, we found that Tox2 levels are themselves regulated by IL-33;
thus, our work reveals a mechanism by which inflammatory signals like IL-33 modify ILC2 subset abundance via Tox2.
These insights provide a potential avenue for therapeutic intervention, as manipulating Tox2 levels could modulate
ILC2 subsets to improve outcomes in infection, inflammation, and tissue repair. In summary, our findings establish
that Tox2 governs ILC2 subset abundance via control of GATA-3 expression levels. Tox2 regulates ILC2 survival and
function through both GATA-3-dependent mechanisms, as well as mechanisms independent of GATA-3 regulation.
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Abstract:

Microglia, the brain’s resident immune cells, play a critical role in regulating neuroinflammation and influencing
the progression of neurodegenerative diseases. Recent studies suggest that STING activation shape microglial phe-
notypes and modulate their behavior under neurodegenerative conditions. However, the specific effects of STING
pathway on microglial profile, particularly regarding epigenetic changes and the underlying mechanisms, remain
unclear. Furthermore, little is known about the response of microglia previously altered by STING pathway activa-
tion to subsequent challenges in the brain environment. In this study, we utilized DMXAA, a known STING ligand,
but one not previously reported in microglia, to analyze transcriptional and epigenetic profiles of Microglia in re-
sponse to DMXAA. Systemic administration of DMXAA resulted in the activation of microglia, leading to the release
of type I interferons (IFNs) and morphological changes. We also found that DMXAA induces significant expression of
interferon-stimulated genes (ISGs) based on transcriptome analysis, and IRF8 potentially contribute to the observed
ISGs expression, as demonstrated by ATAC-seq. Additionally, DMXAA stimulation not only enhances accessibility at
homeostatic IRF8-binding sites but also opens alternative IRF8 motif sites on ISGs. Furthermore, we assessed the
effects of STING activation on Alzheimer’s Disease (AD) progression using 5xFAD mice. Our findings revealed that
5xFAD mice previously exposed to STING ligand showed reduced amyloid-beta plaque growth in the cortex and hip-
pocampus. These results suggest that early STING activation may influence the course of neurodegenerative diseases

like Alzheimer’s disease.
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Abstract:

Oligonucleotide therapeutics (ONTs) represent an emerging class of drug products targeting a wide range of diseases,
including some disorders previously deemed undruggable. Their high cost makes licensing of generic products crit-
ical to product availability. An important safety concern for generic ONTs is ensuring that they do not pose a higher
immunogenicity risk compared to the reference listed drugs (RLDs). However, there are guidelines for assessing the
immunogenicity risk of generic ONTs. Due to the characteristic of ONTs, both product- and process-related impu-
rities could elicit innate immune responses by activating various pattern recognition receptors (PRRs). Cell-based
IIRMI assays show promise in evaluating products for differences in immunomodulatory impurities and informing
immunogenicity risk of ONTs. This study aims to determine whether an in vitro assay that monitors the activation
of innate immune cells can be used to detect IIRMIs in ONTs. We used gene expression analysis in fresh human pe-
ripheral blood mononuclear cells (PBMCs) treated with trace amounts of model impurities that activate a range of
PRRs, in the presence or absence of an antisense oligonucleotide (ASO). Results showed that although the sensitivity
was reduced for certain PRR agonists in the presence of ASO, PBMCs retained the ability to detect potential IIRMIs.
We next assessed whether the chemical structures of ONTs modified the sensitivity of the assay by using oligonu-
cleotides with identical sequences but varied modifications. Some modifications, such as poly-G tails, hindered the
IIRMI detection, indicating that oligonucleotide structures influence immune activation via PRRs. Lastly, the abil-
ity of PBMCs to detect IIRMIs was tested using three commercial ONTs with distinct structures. The assessment
showed that ASO largely inhibited the detection of most IIRMIs, while small interfering RNA (siRNA) mildly masked
them. In contrast, phosphorodiamidate morpholino oligomer (PMO) did not modify the outcome of the IIRMI assay.
Together, these studies show that some oligonucleotide modifications can reduce the sensitivity of the IIRMI assay
to detect impurities, the underlying mechanism for the reduction remains unclear. The identification of additional
markers or improved assay conditions may overcome the impact of the chemical structure of the ONT and enhance

assay sensitivity, providing a more effective tool for evaluating the safety of ONTs.
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Abstract:

Omics-based comparisons often get reduced to a simple A vs B at a single timepoint due to cost, analytical through-
put, and lack of statistical workflows. The resulting compression of multivariable effects across kinetic time serves
as a signature snapshot, but superficially gleans progressive changes in physiological cellular responses. The pro-
cess of inflammasome complex maturation is a rapidly-progressing, sequentially ordered process ultimately lead-
ing to inflammatory cytokine release that can drive inflammatory pathologies. Our current understanding of how
metabolic shifting influences inflammasome formation as well as how individual inflammasome components facili-
tate metabolic diversion is incomplete. Using a high throughput mass spectrometry approach, we were able to tem-
porally refine dynamic events in both the prime and trigger phases of inflammasome maturation while also studying
the contribution of multiple effector proteins. This approach is able to resolve a large panel of quantitatively reli-
able metabolites, greatly simplifying dataset assembly. Inclusion of both time-drifted controls and stimulus controls
at each level of the priming and triggering events facilitated discrete analysis of isolated variables that normally are
typically assessed in superficial global analyses. This layered drift-matched approach simplified statistical analysis by
enabling univariate and difference of difference testing in parallel. Subsequent display of results in a custom pathway
map format, highlighted robustly changing, time-dynamic nodes including xanthine metabolism. While budgetary
and logistical impediments still limit the application of strategies such as this, the work displayed here show the ben-
efits of such an approach and provides a workflow for quickly organizing and distilling datasets with complex variable
structure. Current efforts are aimed at formalizing tools from this workflow to make complex metabolomics experi-

ments more approachable going forward.
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Abstract:

Therapeutic drug products including peptides, proteins, and oligonucleotides can contain process and product re-
lated impurities that impact product safety and efficacy. Trace levels of these innate immune response modulating
impurities (IIRMI) can stimulate immune cells in peripheral blood or tissue to yield increased expression of inflam-
matory cytokines and enhanced antigen uptake which can foster product immunogenicity. For innovator products
immunogenic risk is assessed during clinical trials but performing clinical trials for a follow-on product that uses the
same active pharmaceutical ingredient, but a different manufacturing or processing scheme, is costly and inefficient
for rapid product adoption. In vitro systems including reporter cell lines, cytokine profiling, and gene expression are
utilized to demonstrate similar innate modulation of the follow-on to the innovator product. However, these assays
are intrinsically limited to detect IIRMI. For example, reporter cell systems use incomplete innate receptor repertoires
that can miss certain impurities depending on the receptors present and then funnel responses from different recep-
tors into a single readout. Alternatively, peripheral blood mononuclear cell (PBMC) assays that pool RNA or protein
may obscure changes in rare antigen presenting cells (APC) populations, such as pDCs, due to an abundance of non-
responsive cell types. To address these pitfalls, we developed a novel twenty-five fluorescent parameter spectral flow
cytometry assay that utilizes live fluorescent cell barcoding (five parameters) complemented by identity and activa-
tion markers (twenty parameters) to multiplex healthy PBMC samples and acquire single cell responses from diverse
cell types with broad innate receptor coverage. Methodically, PBMC were stained with a combination of cell trace dyes
to create a sixteen-plex live fluorescent cell barcode then stimulated with trace levels (ppm) of impurities and/or drug
product. After challenge, stimulated samples were pooled and stained with one fluorescent antibody cocktail and
acquired simultaneously on a five-laser Cytek Aurora spectral cytometer. Following acquisition, cells were digitally
reassigned to live cell barcode position by hand-gating on cell trace dye intensity. Reassigned cells were dimensionally
reduced by surface identity marker (e.g. CD19, CD123) with tSNE or UMAP to identify APC populations and evalu-
ated for changes in activation status (e.g. CD40, CD86) across stimulus conditions. We observed unique responses

390



among APC subsets that were as, or more, sensitive than alternative in vitro systems to trace amounts of TLR3 agonist
Poly IC, TLR 7/8 agonist R848, and TLR9 agonist CpG 2006. This method was then applied to innovator and follow-
on products from three different drug classes: anti-TNFa mAb, insulin, and exon skipping oligonucleotides; in the
presence or absence of TLR agonist to provide proof-of-principal for comparison of drug products and to illustrate
detection of IIRMI in the presence of drug product. Taken together, these studies show the spectral flow-IIRMI assay
provides an informative tool to assess innate activation at the single cell level, allowing for improved characterization
of the impact of IIRMI on the activation status of immune cells and comparing follow-on products to the reference
listed drug. This can aid in assessing immunogenicity risk for follow-on products and potential off target effects of

therapeutics.
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Abstract:

Prostate cancer (PC) remains among the leading causes of cancer-related deaths with a better understanding of the
mechanisms underlying its pathogenesis urgently needed. The synthesis of complement component C3 by tumor-
infiltrating immune cells in the tumor microenvironment (TME) facilitates tumor progression via immunosuppres-
sion and angiogenesis support, denoting TME C3 as a therapeutic target. However, the role of C3 expressed by tumor
cells themselves during oncogenesis remain inadequately characterized. Using data from multiple clinical PC cohorts
we found that, surprisingly, C3 transcript and protein levels were significantly reduced in malignantly transformed
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regions when compared to benign regions of human PC tissues. C3 silencing in human benign primary prostate ep-
ithelial cells (PECs) caused uncontrolled proliferation while provision of intracellular C3a to the aggressive PC cell line
DU145 reduced tumor burden in a xenograft mouse model, confirming the unexpected tumor-suppressing role of C3.
Mechanistically, steady-state, endogenous C3 expression, C3a generation, and -receptor engagement in PECs main-
tains normal cell turnover through restraint of a PI3Kix*-dependent MYC program upstream of ribosomal biogen-
esis. Collectively, these findings ascribe a non-traditional, tumor-suppressor function to cell intrinsic C3 and advo-
cate for dissecting the context-specific roles of complement in malignancies to better inform on novel, complement-

targeted cancer therapies.
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Abstract:

Interleukin-7 (IL-7) is a non-redundant cytokine that promotes T- and B-cell development and is primarily considered
aregulator of T-cell homeostasis. Here, we report that, at supra-homeostatic concentrations typically induced by lym-
phopenia, IL-7 exerts additional functions, including the induction of pro-inflammatory chemokines and cytokines.
Chemokines and cytokines are produced by peripheral blood mononuclear cells (PBMC) from healthy donors treated
with IL-7at a dose of 1 ng/mL or higher in the absence of concomitant T-cell receptor-mediated stimulation. The most
upregulated chemokines are the natural ligands of the major HIV-1 coreceptor, CCR5: CCL3/MIP-1cr, CCL4/MIP-113,
and CCL5/RANTES. The most upregulated cytokine is TNF-«. CD4+ T-cells and monocytes are the major sources of
chemokines and cytokines, but their production requires direct contact between these cells. Studies on the mech-
anism of production of pro-inflammatory chemokines and cytokines point to a key role of the interaction between
membrane TNF-«, and TNF receptor 2, as well as integrin aL 52 and its ligand ICAM1, and activation of the JAK/STAT
and MAPK signaling pathways. To elucidate the purpose of this IL-7-induced program, we characterized the response
of IL-7-primed PBMC to a series of Toll-like receptor (TLR) activators, which mimic the effect of opportunistic infec-
tions that may occur in patients with lymphopenia. Priming with IL-7 induced a dramatic increase in cytokine and
chemokine production, including induction of IFN-+, in response to TLR activators. To gain further insights into the
mechanistic basis of the IL-7 response, we investigated the transcriptomic profile of IL-7-stimulated primary human
PBMC. Our data demonstrate that IL-7, at supra-homeostatic levels, induces a program of host defense to prepare the

immune system for the battle against invading microorganisms that cause life-threatening infections in lymphopenic
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patients.
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Abstract:

Cellular metabolism shapes immune cell fate & function. Although fatty acid metabolism modulates innate immu-
nity, underlying mechanisms remain poorly characterized. Here we show that activating STING using DMXAA as
an agonist enhances fatty acid oxidation (FAO) in primary bone marrow-derived macrophages (BMDMs), an effect
mirrored by IFN-a?. This enhancement correlates with increased FAO enzymes levels including carnitine palmi-
toyl transferase 1a (CPT1a) and acetyl-CoA acetyltransferase (ACAT1). To explore this further, we attenuated FAO in
BMDMs by CPT1a knockout (KO) using CRISPR-RNP. CPT1a KO disrupted interferon-receptor-mediated expression
of STAT1, STAT2, IRF-3, and IFN-a? transcripts and proteins, reducing IFN-a? production upon DMXAA treatment.
This reduction is linked to decreased H3K9/K14 acetylation, highlighting FAO’s role in sustaining T1IFN. Notably,
T1IFN-stimulated FAO was observed to be dynamic: where higher IFN-a? concentrations significantly reduced FAO
and decreased FAO enzymes level, indicating a TIIFN-dependent negative feedback loop. This effect correlated with
increased levels of interferon-stimulated gene 15 (ISG15). Comparative analysis in ISG15 KO BMDMs exhibited in-
creased FAO enzymes compared to controls. Similarly, Seahorse assays showed a notable increase in basal oxygen
consumption rates (OCR) in DMXAA-treated ISG15 KO BMDMs. Additionally, increased FAO in ISG15 KO was con-
firmed microscopically by the FAO tracing dye, FAO Blue. Endogenous co-immunoprecipitation (Co-IP) experiments
revealed ISGylation of CPT1a and ACAT1 in DMXAA-treated BMDMs. Together, these findings indicate that TIIFN
enhances FAO to regulate IFN production epigenetically in a feedforward manner, while at higher concentrations,
T1IFN induces ISG1s5, which ISGylates FAO enzymes to decrease FAO through feedback inhibition.
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Abstract:

Colony stimulating factor 1 receptor (CSF1R) plays a major role in central nervous system development, especially
for microglia formation, as CSFiR loss in mammalian systems halts macrophage and microglia development. In
humans, variants in CSF1R may also contribute to developmental disorders associated with brain morphological ab-
normalities and pathologies involving neurodegeneration. In mice, Csfir deficiency results in embryonic or perinatal
death. Thus, examination of the role of CSF1R in brain homology is challenging. Due to high homology with zebrafish,
we specifically looked at the role of csfira (a paralogue of the mammalian CSF1R) in regulating the brain mechanical
homeostasis of larval zebrafish in vivo. RNA-Seq data analysis revealed alterations in pathways associated with an-
giogenesis and development of the innate immune system. Using intravital imaging, we observed abnormal brain
morphology with increased fluid-filled ventricles and altered neuron morphology in mutant fish. We then asked if
mechanical properties are impaired, as tissue mechanics are crucial in tissue development and neural stem cell behav-
ior. Using two different microscale mechanical mapping techniques, we quantified the mechanical heterogeneities
of different brain regions: fore-, mid-, and hind- brain. In wild-type fish, the forebrain is stiffer than that of the mid
and hindbrain; as the brain develops, all regions become stiffer, where the greatest increase in stiffness is measured
in the hindbrain. In comparison, the brain of the mutant zebrafish showed more homogeneous stiffness across all
brain regions. Similar to the mammalian systems, csfira depletion in zebrafish will have delay or deficiency in mi-
croglia/macrophages within the brain. We then perturbed microglia/macrophage in wild-type fish to further delin-
eate the role of the macrophage in mechanical homeostasis during brain development. We employed two methods
of macrophage depletion: clodronate liposomes and tissue-specific ablation, using a genetic background NTR cou-
pled to macrophages. The zebrafish brains were softer after treatment in both alterations compared to the control
siblings. We observed altered neuronal and acetylated tubulin structures of the mutant fish following in these treated
fish. Our data demonstrates the importance of macrophage remodeling during brain development. It may also be

relevant to the possibility that microglia contribute to synaptic plasticity and function. Moreover, our data shows that
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mechanical properties can be used to identify phenotypes resulting from macrophage mediated tissue remodeling in

brain morphogenesis.
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Abstract:

Neutrophils are essential for maintaining oral mucosal (gingival) health, yet exaggerated neutrophil recruitment and
activation characterize the destructive oral inflammatory disease, periodontitis. Given these critical but divergent
neutrophil roles, we aimed to dissect neutrophil states at the single-cell level in the blood, gingiva, and oral cavity of
systemically healthy patients with pristine oral health or severe periodontitis. We profiled neutrophils with full spec-
trum flow cytometry and single-cell RNA-sequencing (scRNA-seq), modifying techniques to improve neutrophil yield
and depth of characterization. Analysis of a large cohort of patients (n=200) identified significant increases in abso-
lute neutrophil counts and neutrophil/lymphocyte ratios in the peripheral blood of periodontitis patients, with both
measures correlating with disease severity. In depth phenotypic characterization in a subset of patients and healthy
volunteers (n=16) revealed increased expression of neutrophil activation and aging markers in periodontitis versus
healthy peripheral blood but did not identify differences in the proportion of low density neutrophils. Within-patient
(paired) comparison of periodontitis blood, gingiva, and oral rinse neutrophil surface proteins showed a stark in-
crease in markers indicative of adhesion and activation upon entry into inflamed oral mucosa. scRNA-seq analysis of
these same samples showed a broadening of neutrophil transcriptional states within the gingiva, with subsets acquir-
ing distinct immune inhibitory or activation signatures. The transition from gingiva into the oral cavity was marked
by a further increase in chemokine receptor and integrin surface protein expression and a narrowing of transcrip-
tional profiles towards a pro-inflammatory, cytokine-producing state. Overall, this data indicates that periodontitis
alters systemic and local neutrophil populations and provides insights into the specification of neutrophils within the

inflamed oral mucosal tissue microenvironment.
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Abstract:

Toll-like Receptors (TLRs) are expressed on the skin and other barrier sites in the body, where they not only initiate
inflammatory responses to pathogens but are also constantly exposed to ligands from commensal organisms that do
not activate strong inflammatory responses, but instead contribute to homeostasis. Roseomonas mucosa is a skin
commensal that produces essential lipids required for maintaining barrier function of the skin and competes with
Staphylococcus aureus, a frequent cause of skin infections. R. mucosa was recently released as a topical probiotic
therapy for atopic dermatitis (AD) and was shown in clinical trials to significantly improve all measurements of AD
symptoms. The present study unveils the intracellular signaling induced by R. mucosa downstream of TLR activa-
tion, which activates NFI°B without activating MAP kinases via assembly of a myddosome that incorporates IRAKM
(IRAK3). Additionally, NFI°B activation by R. mucosa occurs along with activation of A20/TNFAIP3, a key negative
regulator of pro-inflammatory gene expression mediated by NFI°B. In long-term (12-24 hrs) co-culture with primary
human keratinocytes, signaling activated by R. mucosa induces only low levels of pro-inflammatory cytokines and
chemokines, and stimulates greater antimicrobial peptide production (beta defensins 2 and 3) in response to S. au-
reus. Roseomonas also significantly protects keratinocytes from cell death in co-culture with S. aureus. Signaling
activated by R. mucosa is distinct from activation by pathogens and aids our understanding of how commensals
regulate innate immune signaling at barrier sites to mitigate the deleterious effects of infection and contribute to

homeostasis.
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Abstract:

The oral cavity is a significant barrier site that continuously receives various stimuli from food, microbes, air particles,
and mechanical stress from mastication. These distinctive features prompt tissue-specific immunological responses
in the oral mucosa. Dysbiosis and mechanical stress in this environment can cause mucosal inflammation and subse-
quent bone destruction, leading to tooth loss, a condition known as periodontitis. Our lab has shown the contribution
of hematopoietic cells, such as Thi7 and neutrophils, to periodontitis. However, findings from our human oral mu-
cosal scRNAseq atlas suggest mesenchymal cells may recruit hematopoietic cells to the site and initiate inflammation.
Based on this information, we hypothesized that mesenchymal cells, especially fibroblasts, play a role in oral mucosal
pathogenesis. Utilizing a mouse ligature-induced periodontitis (LIP) model, we performed a time-course scRNAseq
analysis to examine the transcriptome profile of different cell types within the oral mucosa. Our findings revealed ac-
tivated fibroblast subsets in response to mechanical stress (ligature placement), showing gene expression associated
with inflammation, particularly implicating the 1L33-ST2 signaling pathway. These activated fibroblasts secrete solu-
ble ST2 (sST2), a decoy receptor for IL33. To further explore the in vivo function of sST2, we performed the LIP model
on sST2 knockout (sST2KO) mice. sST2KO mice show severe pathogenesis compared to wild-type mice, indicating a
protective role for sST2 in oral mucosal inflammation. Overall, our work highlights the immune modulatory function

of non-hematopoietic cells as mediators for oral mucosal inflammatory responses.
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Gut-liver axis calibrates intestinal stem cell fitness

Abstract:

The gut and liver are recognized to mutually communicate through the biliary tract, portal vein, and systemic circu-
lation. However, it remains unclear how this gut-liver axis regulates intestinal physiology. Through hepatectomy and
transcriptomic and proteomic profiling, we identified pigment epithelium-derived factor (PEDF), a liver-derived sol-
uble Wnt inhibitor, which restrains intestinal stem cell (ISC) hyperproliferation to maintain gut homeostasis by sup-
pressing the Wnt/b-catenin signaling pathway. Furthermore, we found that microbial danger signals resulting from
intestinal inflammation can be sensed by the liver, leading to the repression of PEDF production through peroxisome
proliferator-activated receptor-a (PPAR-alpha). This repression liberates ISC proliferation to accelerate tissue repair
in the gut. Additionally, treating mice with fenofibrate, a clinical PPAR-alpha agonist used for hypolipidemia, en-
hances colitis susceptibility due to PEDF activity. Therefore, we have identified a distinct role for PEDF in calibrating
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ISC expansion for intestinal homeostasis through reciprocal interactions between the gut and liver.
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ABSTRACT Poster #134 - Tuesday

Keywords: Innate Immunity, Microbiome & Barrier Immunity

Spatial compartmentalization of cellular networks within the immune-active

gingival barrier

. Presenter: Vasileios Ionas Theofilou

- Authors: Vasilis Theofilou (1), David Fraser (2), Laurie Brenchley (2),
Eleni Kanasi (2), Teresa Wild (1), Duy Tran (2), Drake Williams (3),
Niki Moutsopoulos (1, 2)

. Affiliation(s): 1: Human Barrier Immunity Section, Laboratory of
Host Immunity and Microbiome, NIAID, NIH, USA 2: NIDCR,
NIH, USA 3: Diagnostic and Biological Sciences, University of Min-
nesota School of Dentistry, Minneapolis, Minnesota, USA

Abstract:

Objective: The gingiva is an immunologically active barrier site with unique cellular composition. Previously, a hu-
man single cell atlas of oral mucosal tissues was compiled uncovering newly discovered gingival populations in tissue
homeostasis and in periodontal immunopathology, but without insights into their spatial distribution. The aim of
this study is to conduct a spatial atlas of human gingival tissues to uncover potential location-specific functionality
of these subsets. Methods: A prospective collection of A~gingival biopsies from periodontitis patients and healthy
subjects was carried out under an IRB approved clinical protocol (ClinicalTrials.gov Identifier: NCT01568697). Single
cell resolution 450-plex spatial transcriptomics (10x Genomics, Xenium), and 18-plex spatial proteomics platforms (it-
erative bleaching extends multiplexity, IBEX), were optimized for oral tissues. Downstream processing and analysis
including fine-level clustering, neighborhood analysis and spatial distribution analysis were conducted with toolkits
in R and Python language. Results: A total of 1,065,292 cells were analyzed from both spatial technologies. Fine-
level clustering of IBEX and Xenium outputs revealed unique epithelial, immune, and stromal subpopulations ex-
hibiting distinct localizations. The oral epithelial barrier displayed marker expression consistent with structural in-
tegrity and innate defenses as well as a myeloid-cell rich immune microenvironment. On the other hand, the tooth-
associated crevicular epithelium was a permeable barrier site with immune functionality indicative of antimicrobial
defenses and an active neutrophil recruitment. Tertiary lymphoid structures composed of T cells, B cells and immune-
functional fibroblasts as well as plasma cells (identified only in periodontitis) were resolved with a unique zonation
pattern relative to the crevicular epithelium. Conclusion: Collectively, our work details the transcriptional landscape
of oral mucosal tissues and reveals the presence of a particularly active epithelial barrier continuously promoting
inflammatory responses through neutrophil recruitment, with a unique organization and immune cell zonation be-
neath the crevicular epithelium in the context of periodontitis.
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ABSTRACT Poster #135 - Tuesday

Keywords: Innate Immunity, Microbiome & Barrier Immunity

Genetic and environmental drivers of immune variation in the airway mucosa

« Presenter: Lucas Lopez Jirau

« Authors: Lucas Lopez (1), Kelsey Bledsoe (1), Ivanna Molina-Lopez
(2), Kasalina Kiwanuka (2), Lillian Sun (3), David Chang van Oordt
(4), Yoon Chang (4), Andrea Graham (4), P'ng Loke (2), Oyebola
Oyesola (1)

. Affiliation(s): (1) Immune Priming Unit, Type 2 Immune Section,
Laboratory of Parasitic Diseases, NIAID, NIH; (2) Type 2 Immune
Section, Laboratory of Parasitic Diseases, NIAID, NIH; (3) Metaor-
ganism Immunity Section, Laboratory of Host Immunity and Mi-
crobiome, NIAID, NIH and University of Pennsylvania; (4) Depart-

ment of Ecology and Evolutionary Biology, Princeton University

Abstract:

Immune variation within a population is the product and sum of an individual’s genetic and environmental factors.
Traditionally, immunologists design experiments with restricted environmental and genetic differences, so the con-
tribution of genetic and environmental factors to immune variation at the lung tissue sites has not been fully explored.
To study the contribution of environment and genetics to immune variation within the lungs, two different inbred
strains of mice, C57BL/6 and B10.BR, were exposed to a wild environment using an outdoor enclosure in a process
termed "rewilding?”. The lungs from these mice were harvested and the immune profiles in the lungs were assessed
by multi-color flow cytometry. Our results demonstrate that rewilding for 5-8 weeks leads to an increase in the pro-
portion of Lyéc+ Monocytes in both strains of mice. However, the proportion of monocytes significantly increased
only in the lungs of B10.BR after rewilding. To study the effect of genetic variation following an acute and strong type
2 immune response in the lung, we exposed Balb/c], B10.BR, and C57BL/6 mice to a lung-migrating parasite, Nip-
postrongylus brasiliensis. Whereas Balb/c had a weak type 2 response and C57BL/6 had an intermediate response, N.
brasiliensis induced a heightened type 2 lung inflammatory response in B10.BR, characterized by increased recruit-
ment of eosinophils into the lung parenchyma and increased activated alveolar macrophages and blood monocytes.
These differences in inflammation in B10.BR were accompanied by less larval and adult worm burden in the lungs
and intestines, respectively. Together, our results demonstrate that strain-specific differences emerge in the myeloid
population within the lungs following an environmental change such as rewilding and a strong type 2 inflammation

such as helminth infection.
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ABSTRACT Poster #136 - Tuesday

Keywords: Innate Immunity, Neuroinflammation

Decoding Amyloid 5-Driven NFxB Dynamics in Aging and Alzheimer’s Disease

- Presenter: Preeyaporn Songkiatisak

« Authors: (1) Preeyaporn Songkiatisak, (2) Mohammad Aqdas, (3)
Shah Md Toufiqur Rahman, (4) Kyu-Seon Oh, (5) Myong-Hee "Miad”
Sung

. Affiliation(s): (1) - (5) National Institute on Aging

Abstract:

Alzheimer’s Disease (AD) is characterized by the presence of extracellular amyloid beta (Af) and intracellular hyper-
phosphorylated tau (p-tau) proteins. A plays a central role in AD progression due to its neurotoxic and inflammatory
effects. Nuclear factor kappa B (NFxB) is a well-known inflammatory transcription factor that contributes to neu-
rodegeneration. Microglia, the brain-resident macrophages, are primarily responsible for protecting the brain from
pathogens and clearing cellular debris, including Af5. Activation of NFxB signaling and the subsequent release of
cytokines and chemokines from microglia can contribute to chronic inflammation in AD. We previously found that
most microglial cells formed cell clusters, referred to as "clustered microglia,d” while a smaller subset exhibited high
motility and smaller cell size, termed "free-roaming microglia.d” In microglia from aged animals, there was a notable
shift towards a higher prevalence of free-roaming microglia, characterized by c-Rel expression and sustained canon-
ical NFxB signaling. Interestingly, these heterogeneous microglial subpopulations exhibited varying levels of effi-
ciency in A8 phagocytosis and c-Rel activation in response to A3. Notably, microglia from AD model mice displayed
elevated c-Rel expression compared to those from healthy controls. Furthermore, microglia from plaque-developing
mice showed reduced A3 phagocytosis efficiency compared to microglia from younger, plaque-free animals. Through
live cell imaging of microglia exposed to A5 and the assessment of biomarkers and intracellular AS in heterogenous
microglia, we aim to uncover important molecular mechanisms associated with aging, AD susceptibility, and resis-
tance in individuals.
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ABSTRACT Poster #137 - Tuesday

Keywords: Innate Immunity, Proteomics

Profiling the protein dynamics in LPS-stimulated macrophages by limited

proteolysis-coupled mass spectrometry

« Presenter: Doeun Kim
« Authors: Doeun Kim (1), Aleksandra Nita-Lazar (1)

- Affiliation(s): (1) Functional Cellular Networks Section, Laboratory
of Immune System Biology, National Institute of Allergy and Infec-
tious Diseases, National Institutes of Health, Bethesda, MD 20892-
1892, USA

Abstract:

TLR4 is present on the endosomal membranes of innate immune cells, functioning as one of the receptors for the
inflammatory response. Upon TLR4 activation, signaling cascades are initiated by both MyD88-dependent and TRIF-
dependent pathways. These pathways stimulate the production of proinflammatory cytokines and type 1 interferons.
Nevertheless, the precise molecular mechanisms that regulate the formation, interaction, and disassembly of protein
complexes are still not fully understood. To better understand the protein dynamics, we performed subcellular frac-
tionation and optimized limited proteolysis coupled with mass spectrometry (LiP-MS) employing tandem mass tag
(TMT) labeling for quantitative proteomics analysis. This was done by exposing immortalized mouse macrophages to
a time-course LPS stimulation. The data from cytoplasmic and nuclear fractions were subjected to hierarchical clus-
tering, which revealed conformational alterations in protein dynamics. These changes were observed particularly in
the cytoplasmic fraction after 1 hour of LPS treatment. Specifically, Inhibitor of nuclear factor kappa-B kinase subunit
beta (IKK) and RNA binding proteins (RBPs) have shown notable alterations in their molecular structure. This find-
ing indicates that IKKS3 and RBPs may participate in previously unknown interactions with new binding partners,
which could possibly uncover new mechanisms that regulate innate immunity.
This research was supported by the Division of Intramural Research of NIAID, NIH.
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ABSTRACT Poster #138 - Tuesday

Keywords: Innate Immunity, Systems Immunology

From heterogeneity to synchrony: NFxB signaling dynamics in microglia across

aging and neurodegeneration

« Presenter: Shah Md Toufiqur Rahman

. Authors: Shah Md Toufiqur Rahman(1), Mohammad Aqdas(1),
Myong-Hee Sung(1).

- Affiliation(s): Laboratory of Molecular Biology and Immunology,
National Institute on Aging, National Institutes of Health, Balti-
more, MD 21224 USA.

Abstract:

Microglia, the resident immune cells of the central nervous system (CNS), rely on NFxB signaling to regulate their
responses to inflammatory stimuli. Age-related changes and disease-associated alterations in the CNS microenvi-
ronment can disrupt microglial signaling dynamics, leading to dysregulated responses under inflammatory condi-
tions. In this study, we utilized an NFxB reporter mouse model to monitor the dynamics of canonical NFxB subunits
(RelA/p6s and c-Rel) in response to three TLR ligands and the pro-inflammatory cytokine TNF-c, using fluorescent
live-cell microscopy in primary mouse microglia cells. We employed machine learning (ML) models to investigate the
ligand discrimination capabilities of microglial cells, leveraging NFxB signaling feature information derived from
time-lapse imaging data of microglia isolated from young, old, and middle-aged 5xFAD mice. Our findings reveal
that young microglia exhibit a high degree of cell-to-cell heterogeneity in NFxB signaling dynamics when exposed
to stimulatory ligands. In contrast, microglia from aged mice display moderately reduced signaling heterogeneity.
Notably, microglia from 5xFAD mice, a model of Alzheimer’s disease, exhibit highly synchronous NFxB signaling dy-
namics across cells in response to all tested ligands. This synchronization is particularly pronounced in response to
TNF-«, where microglia from sxFAD mice display synchronous oscillatory signaling cycles that have not been ob-
served in other cell types. This high degree of synchronicity suggests a shift toward a hyper-coordinated state, likely
inducing larger waves of pro-inflammatory gene expression. Interestingly, despite the highly synchronous signal-
ing dynamics in 5xFAD microglia, our ML analysis shows that their ligand discrimination potential is significantly
higher compared to young and old microglia. Furthermore, including both RelA and c-Rel signaling features in the
ML model markedly improved ligand discrimination performance, consistent with previous observations in primary
bone marrow-derived macrophages (BMDMs). Our ML model effectively identified key signaling features that con-
tribute to ligand discrimination and quantified signaling heterogeneity, offering novel insights into the regulatory
mechanisms of microglial NFxB signaling across different conditions. We are currently investigating and validating

differentially regulated NFxB pathway genes that may drive the highly synchronous responses in 5xFAD microglia.
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These findings suggest that aging and neurodegeneration significantly reshape microglial signaling heterogeneity,
with important implications for their functional roles in health and disease.

408



ABSTRACT Poster #139 - Tuesday

Keywords: Innate Immunity, Systems Immunology

Fatty Acids and Microbiome Pathobionts Elicit Macrophage Inflammation and

Metabolic Disease

« Presenter: Jacob Pederson

. Authors: Jacob W. Pederson (1,2), Jyothi Padiadpu (3), Andrey
Morgun (3), Natalia Shulzhenko (1), Aleksandra Nita-Lazar (2)

- Affiliation(s): (1) College of Veterinary Medicine, Oregon State Uni-
versity, (2) Functional Cellular Networks Section, Laboratory of Im-
mune System Biology, NIAID, NIH, (3) College of Pharmacy, Ore-
gon State University

Abstract:

Metabolic disease is a rising concern in many populations and results from a combination of dietary, microbiota,
and inflammatory events. Employing multi-omic co-variation network analysis of a western diet induced metabolic
disease mouse model, we previously revealed microbiota-dependent disruption of mitochondrial oxidative phospho-
rylation (OXPHOS) in white adipose tissue (WAT) as a driver of disease. We identified Mmp12+ macrophages as key
contributors to WAT inflammation, with the commensal bacterium Oscillibacter valericigenes (OV) strongly associ-
ated with the Mmp12+ macrophage gene signature. Further, we revealed OV activates TLR2 and TLR5 via a MYD88-
and ATF3-dependent axis. Re-interrogation of the previous network model by incorporating quantitated liver lipids,
we identified the dietary fatty acid myristic acid (MA) as a potential regulator of the Mmpi2+ signature. In vitro,
macrophages co-stimulated with MA and OV-supernatant displayed higher Mmp12 and Atf3 gene expression than in-
dividual treatments. To evaluate Myristic acid- and Oscillibacter-dependent contributions to Mmpi12+ macrophage
function, we reconstructed a multi-omic covariation network model from DIA shotgun proteomics by LC-MS/MS
and transcriptomics by mRNA-seq. Additionally, we leveraged multiple timepoints of stimulation to generate a di-
rected network demonstrating timepoint specific changes underlying causal relationships identified in the networks.
Dimensionality reduction revealed biologically distinct clusters of nodes in the network. Network topology analysis
using node bipartite-betweenness centrality and degree revealed important connections between interferon signal-
ing and metabolism clusters where most features were differentially expressed at early timepoints. Later responses
were dominated by chromatin remodeling and DNA damage repair functions driven by early changes in metabolism.
Using a system’s approach identified pathways altered by dietary lipid and microbiota signals that promote inflam-

matory macrophage phenotypes. Follow up work will explore how experimental perturbations influence cell-intrinsic
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and -extrinsic roles of selected genes/proteins in promoting macrophage inflammation in metabolic diseases. This
work was supported by the Division of Intramural Research of NIAID, NIH.
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Directions to UDC Theater (Talks) and Student Center/Ballroom (posters)
4200 Connecticut Ave NW, Washington, DC 20008

This image is a detailed campus map of the University of the District of Columbia (UDC), providing a bird's-eye view
of the various buildings, facilities, and landmarks on the campus. A text box on the right reads, “The UDC Student
Center (Building 56) is next to the UDC/Van Ness Metro stop,” highlighting this key feature, which is also circled in
pink. Another text box on the bottom left notes, “Enter the parking garage from Van Ness Street,” accompanied by a
pink arrow pointing to the garage entrance. Two more pink arrows point to the right, directing someone towards the
Student Center Building. The map also includes more numbered buildings, facilities, and roads across the
campus, such as the Amphitheater and the Metro station.



Directions from the Van Ness - UDC Metro Stop

The UDC Student Center is steps away from the Van Ness - UDC Metro Stop on the Red Line. Exit the station on the
left/west side (toward UDC). When you reach the street level, make a sharp right and you will see the UDC Student
Center. Walk across Veazey Terrace to reach the main entrance of the Student Center.

This image depicts the exterior of a large, modern building complex. On the right side of the foreground, there is a
glass covered entrance to the Van Ness — UDC Metro Station. There is a blue directional arrow pointing straight and
to the right towards the entrance of the building in the background.

Directions from Van Ness Parking Garage
e Enter the parking garage from Van Ness Street.

e Parkon Level B.

e Take the elevator nearest the driveway entrance to the garage (to the left as you face the driveway entrance)
o Lookforthe door marked “Stairwell 2 / Building #44.”

e Take the elevator to floor A.

e Go straight out of the elevator through the double doors to the outside.

e Bear aslight left towards the glass columns.

e Gotoward the Administration Building (#39).

e Walkunder a pedestrian overpass toward the tall “Information” kiosk.

e Pastthe Information kiosk, make a right through the doors marked “Student Center.”

o Keep walking until you see the elevators on your left.

e Take the elevator to the lobby on Level B.

Parking Rates:

0-30 min = free

30 min-1 hour = $5

1-3 hours =$8

3-6hours=$12

6 — 24 hours = %20

There are metered parking spaces on Connecticut Ave and Van Ness Street, as well as commercial parking garages
on Connecticut Avenue.



This image shows the interior of a parking garage. A text box in the bottom left corner labels the space as “Level B
of the UDC Parking Garage.” The garage is spacious and open, with concrete floors, columns, and high ceilings. In
the bottom left of the image, a text box reads, “Entrance to elevator (Stairwell 2 / Building #44),” accompanied by a
pink arrow pointing left to indicate the direction to the elevator entrance or Stairwell 2 of Building 44. On the right
side of the image, another text box says, “Entrance from Van Ness St,” providing additional directional context.

The image captures a view from beneath a covered walkway, held up by concrete columns, which leads to a paved
plaza adorned with glass block columns. A text box identifies this area as "After leaving the lobby of Level A,"
suggesting that this is what visitors encounter upon exiting the Level A lobby. A blue arrow directs to the right,
indicating the path to follow, and points towards a multi-story concrete building visible in the background.



Thisimage is a wide shot of a paved, outdoor plaza on UDC’s campus. A blue arrow pointing up and to the right

indicates the direction to follow. The arrow directs toward a covered walkway connecting two sections of a multi-
story concrete building.

This image is taken from underneath a paved, covered breezeway connecting two glass door entrances to a
building. A blue arrow pointing straight indicates the direction to follow, leading to another paved path that leads to

the University of the District of Columbia’s Student Center. On the far end of the path indicated by the arrow, in the
middle of the walkway, there is a column with a red information panel.



The image shows an exterior view of a multi-story building, which is labeled by a text box as the “UDC Student
Center”. The building has a contemporary architectural design with large windows, concrete pillars, and a covered
walkway outside of it. A blue arrow is pointing to the right, through the pillars and towards the entrance, indicating
the path visitors should follow.



WHERE TO EAT NEARBY
ALL WITHIN 5-10 MIN WALKING DISTANCE

Fastfood (burgers, fried chicken) Viethamese
Chick-Fil-A (Student Center) Viet Chopsticks
Food Trucks (outside Student Pho 14
Center)
Fuddruckers (Student Center) Thai
Thai Pad

Coffee/Pastries/Sandwiches

Starbucks Italian
Breadfurst The Italian Pizza Kitchen
Sfoglina
Sandwiches Fabio Trabocchi
PotBelly
Bread Furst American
Calvert Wine and Spirits Rosedale

Giant
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