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What is Chimeric antigen receptor (CAR) T cell therapy?

» Target antigens present on cancer cells
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How effective is CD19 CAR T-cell therapy in refractory
nediatric B-ALL?

Table 1. A summary of antigen escape in CD19 CAR trials for ALL

C019~negative
* 60-90% initial remission rate!* e i

Children’s Hospital of Philadelphia phasel  36% (20/55) 24% (13/55)
Novartis phase || (ELIANA) 33% (20/61) 25% (15/61)

° _ALO0 g 5
29 45/0 Iong term rEIapse rate Seattle Children’s Research Institute phase | 45% (18/40) 18% (7/40)

NCl phase | 29% (8/28) 18% (5/28)

General mechanisms of disease resistance: Biexiiocks Slosh Kaiver g plfees el b Xy

Fred Hutchinson Cancer Center phase | 31% (9/29) 7% (2/29)

Adapted from (5)

Activated CART cell Antigen escape Lineage switch Antigen downregulation
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Mechanisms of resistance to CD19 CAR:

* CD19 genetic mutations and loss of
heterozygosity®
* Splicing variants’
ek actaton, and £6 ot st o o Foup st a0 it el e e Loss of CD818
tumor cell killing no tumor cell killing no tumor cell killing inadequate tumor cell killing
Adapted from (5) . Lineage switch?

1. Lee DW et. al, Lancet 2015; 2. Davila ML et. al., Sci Trans| Med 2014; 3.Maude SL
New Engl J Med 2014; 4. Kochenderfer JN J Clin Oncol 2014 ;

5. Majzner, RG and Mackall, CL Cancer Discov 2018

6. Orlando, et. Al. Nat. Med. (2018); 7. Sotillo, E. Et. Al. Cancer Discov (2015); 8. Braig
F et. Al. Blood (2017) 9. Jacoby, E. Et. Al, Nat. Commun (2016)



s there still a role for the cancer biologist in
the era of CAR T cell therapy?

Can we change target expression to increase the efficacy of CAR-
targeting therapies?

Small molecule screen for molecules that alter the antigens presentation
on the cancer cell

Can we identify new antigenic targets?

Antigen mapping and new antigen target discovery

» Surfaceome MS + high coverage total RNAseq
(Collaboration with Richard Aplenc — CHOP)




Can we change target expression to increase the
efficacy of CAR-targeting therapies?

Increasing target expression with Project goals:

bryostatinl improves CD22 CAR function:
v - . * Primary goal: Identify drugs that

increase CD19 surface expression

AR
d Day 0: 1E6 Nalmé Mock CAR CD22C

S -wY | E——
Drug: Bryostatinl DMSO Bryostatinl
- A A A A A A “ s' A S
R < mias BLISA] | * Additional goals:
Bryostatinl —+ D6 - '-"---".. d a0 TY R RS LY t

S 1. Identify drugs that affect other
CAR targets (CD22, TSLPR, CD33,
FLT3)

2. Generate mechanistic data on
CD19 regulation

3. Analyze the clinical relevance of
drugs that change CAR target
Clin Cancer Res. 2019 May 20. expression

Data adapted from Sneha Ramakrishna



Design of a screen for drugs that affect antigen expression

1 2 3 4 5 6 7 8 9 10 11 12 .
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* 96 well format with
tiled drugs

e Leukemia cell line e Screen with flow cytometry

* Markers
e CD19
e CD22
* CD33 CAR targets
e FLT3

e TSLPR .
. D81 Associated

. Viability ~ WithCD19

Drugs that increase
antigen expression

Mechanism
In vitro and in vivo CAR-T
efficacy
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Results: Flow Heatmap for CD19 in REH cell line

24 hrs
1 z 3 4 3 o) 7 = E 10

Fold change >1
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1171851 1099571 OESETT4 1 14048% 1O533s 1114734 AEEE 0anss 0 (1534553 1L0Tas
DMSO 1155547 1SS 10E55E 159518 1074533 IZTasl Omeedss: L &5 10Z56TE
1.14Ea5E 1OF1734 1041534 0513 T OI5G1S 0SEE04T OEOEINS 09555857
1F 10OEE1eS DT 1i0sa3es 0 15007 IE:IE: Noazia s Noa0rsy 097EsaE 097I1TS 09
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Els 0981073 09 5T (OS4a0ET [OF 0 SsTEET 0o : BEFL = 05 550 0533437

Fold change =1

Fold change <1

OS017TsF 0906 093503 O557TA1]1 OS9TE2 1155379

Bl <2 reps available

HB11;19 CD19 Expression * MTX causes the greatest " in CD19 fold change at 24 hrs in both lines
* 1.37fold change in REH, 1.49 in HB11;19

~ * Optimized dose and time (30 nM, 48 hrs)
L0

Tty

CD19 MFI

Median (IQR) Median (IQR) MFI P value for
MFI Control MTX 30 nM, 48 hrs | Control vs.
MTX

0

REH 6967 10058
(5919, 7260) (8280, 13582)

e 24hrs ¥
m 48 hrs

MTX Dose

HB11;19 27993 53448
MTX = methotrexate (27305, 35425) (50772, 57764)

MFI = geometric mean fluorescence intensity




Can we identify new antigenic targets?

* Defining the proteins that compose the cellular membrane remains challenging
* Low abundance
* Hydrophobic/lipid characteristics
* Low membrane to cytoplasm ratios
* Gene expression profiling has not allowed us to draw reliable conclusions about the events at the
protein level given the poor correlation between mRNA and protein expression

©, @ Sucrose step ® Development of a robust,
= = gradient =

—PNC —CPM label-free, nonaffinity-

60% sucrose 60% sucrose w Y purified MS workflow
cushion cushion

/—EPM pellet

Proteomics. 2017 Apr;17(7).
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Can we identify new antigenic targets?

Human surfaceome is
predicted to contain
around 3700 proteins
based on in silico
prediction

Using standard
procedures, no MS study
has reported more than
870 PM associated
proteins

|Identified 4115 proteins
1938 (47%) were
previously annotated as
plasma membrane

Label-free in-solution _
digestion (2810) 487

Biotinylated in-solution
digestion (968)

Biotin labeled

Label-free in-gel
digestion (4115)

Label-free in solution Label-free in-gel

Proteomics. 2017 Apr;17(7).
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L Piece RNA-Seq reads into contigs (Inchworm)

Assign reads to
components (Chrysalis)

Split overlapping transcripts
based on coverage
and read pairings

Incongruencies . . g
with reference genome Insights from de novo transcriptome-specific assembly

Alternative . -
promolers i_. . Alternative splicing
f_A_\
- -

interchromosomal rearrangement

Nat Protoc. 2013 Aug;8(8):1494-512.

Goal: generate a sample specific “reference transcriptome”
Assembled reference transcriptome Map MS data
 Map to known reference transcriptome - Ensembl

* De novo assembly of RNAseq data

High coverage ribosome depleted RNAseq of 6 AML cell lines
40 AML patient samples data mapped and de novo assembly
completed

PC3 (658%)
PC1 (14.96%
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