Whole genome CRISPR-Cas9 screens in a cancer cell line panel co-cultured with antigen-specific
cytotoxic CD8 T cells are a powerful engine for immuno-oncology drug target discovery

Zi TANGO

herapeu CS Serge Gueroussov, Disha Subramanya, Jessica Finkler, Bailey Smith, Lei Ji, Ashley Chol, Tenzing Khendu,
. Samuel Meier, Shangtao Liu, Binzhang Shen, Teng Teng, Yi Yu, Alan Huang, Chengyin Min

ABSTRACT CANCER CELL LINE SELECTION . . N fE S S P IN VIVO TARGET VALIDATION USING ACT MODEL

AN
\&\ Y @Q o/ o/ Q7 o \&\ N N7/ QQ(O Qéo
v ;&7 N7 (N % v o O NN
O/ o7 N\ NN QO %) o7 v o O L
Background: e I I e A AR A B o o
. . . . . A B PTPN2 s I s LOF red TCR T in vitro cytotoxicity in A375
Cytotoxic T lymphocytes (CTLs) are a key driver of the anti-tumor immune response. Understanding | SERPINB9 I T cell Killing 15
. T . . Cc .0
the molecular mechanisms mediating this process can reveal therapeutic targets whose Endogenous NYESO1 expression in CCLE lines . TRAF2 — , ) - = ctrl Tcells
. . T . . MAP3K7 I S A
pharmacological inhibition can increase responses to immunotherapy. In recent years, forward s50 . T T ‘ Fﬁ_ﬁ ﬂjﬁ NYESOT - oy Human - == NYESOTcells
genetic screens with CRISPR-Cas9 have been successfully applied to study the interaction between o NYESO eosse B 5 EE:;‘: g 1 CD8+ T cells — @ T8 lines 2 .
tumor cells and CTLs in vitro (7). Here, we extend this approach to a broad panel of human cancer :-;-I#ggﬁn% 0 =" BN . 2 0 =
. . . .. . . . . . ARD primary_disease
cell lines and define methods for prioritization and validation of immuno-oncology therapeutic targets. ! CASPS 5 [ Breast Cancer — = 3 i
e ) ’
MethOdS: 360 :::’I:E:AS . gvarian Cancer LOF enhances ©
A panel of seven HLA-A*02 cancer cell lines were prioritized to span multiple cancer lineages. Tumor = 52252582 5 22 52 538 gf 35 55 82 [Ban B — L T cell killing
. . . . . * 5 %ﬂgﬁwdmgmfmmmg T m§44 - roid Cancer
cells were infected with a whole-genome CRISPR-Cas9 library and co-cultured with primary human - 5 > %,;m.;.m SE2082geedzs %'g@.; 3z — P NV °ff°
. . . 250 ASRICTOrSog-ezz2Z220%, 2275 -15
CD8+ T cells expressing the NYESO1 HLA-A*02-restricted T cell receptor. Next-generation Pl 55 gn 55 ‘3” 282b o2 SE 2 2E : Effector:Tumor ratio
. . . . . I m P > = w pury N
sequencing and statistical analysis were used to define the top genes that affected tumor cell killing 200 . %%gg gg g 22 i 2 G’g — C NYESO CDS T cell transfer model in NSG mice D In vivo human CD8+ T cell expansion
by CTLs. We validated the top hits from the screen in vitro and developed an adoptive cell transfer 150 - 1gq 37 2 9 5 3 — 20007 g GiIT cell - 2006 40 @ Gl T ooll- 2066
. g . : * “ Cmo © z Z z > 4 NYESO T cell - 10e6 2 NYESO T cell - 10e
model to validate the sensitizing effects in vivo. o ® £33 2 A - C oy * NYESOTeRl- 1060
LY = '= IQ I - 1500+ NYESO T cell - 2e6 30 NYESO T cell - 266
0 o 25 = 3 = - —1 % o
Results: : P P33 5 — E
: : " , . 2o =30 ¢ S o g 2 Sort
Comparison of screen hits uncovered both known and novel pathways that sensitize tumor cell lines 0 ceemfeeccscscecescennd secc: e Sie S g — ehockmoint Post transcriptional E g T sy
TH . H H . L [ T 1 T (S — S S~ — O = B L L L gL goiL a@a@o@dbLS S iomS @y NoO o 7 5] =
to CTL killing, including surface checkpoint molecules, epigenetic regulators, genes that control 585233883 E8828338H3¢ I o8 2 ¢ — mmmmm | Olecvles GmB £ e clude Houblete
: _ . . eS8 5888888283885 2R8888E3E8 mgm m . s it 3 & a
cytokine response, autophagy, post-transcriptional regulation, and cell surface glycosylation. We EEFEER R BRSNS S F R FEELE PR LA, = —1 e 10 s
.y . : : - : faTas2res g% TE2S§5 S33 2587 w5 T cell A c I -
prioritized genes for validation based on effect size, druggability, and TCGA correlation between 2gE°°8E3Z 1 28% ¢ 2558 £ — - | concerce Yy
. . . . . = o - o :: . . m 5+ 5+
target expression and an immune-deficient tumor microenvironment. We showcase our approach gt T3 — " T on 18 S-S R S 1 S S A SR
using the known immune regulator, PTPN2 (2). PTPN2 knockout in tumor cells sensitized them to i / pays sfter T cell inoculation Days after T cell inoculation
CTL-mediated killing in co-culture assay in vitro and adoptive cell transfer (ACT) model in vivo. C NCI-H1703 CD8 T cel Killing — — ox E A375-NTC tumor response to NYESO CD8+ T cells A375-sgPTPN2 tumor response to NYESO CD8+ T cells
IFNGR1 — — 3000 3000
) ] IFNGR2 I I Antigen / ;’
Conclusions: : mm NTC sgRNA S]ﬁ;:ll = = presentation , /%
Our cancer cell and T cell co-culture CRISPR screening platform revealed multiple known as well as 48 hour CTG in cell line panel (E:T = 1:1) = NTCsgNA oraRF] . — E— \ A“‘°'°“agy % 20 % 2o
novel genes to comprehensively characterize the mechanisms regulating tumor cell killing by CTLs = B2M [ EEE - — — / IFNy 2 2
s _ ) _ _ ’ 1.5 TAP1 I I I I Cytokine TNFa Cell surface E 3
providing a rich resource of therapeutic targets to advance into drug discovery. T HAS - sensitivity glycosylation 5 5
Bl CDS8T cells 2 E 1000 € 1000
_ s CASP8 ] = =
2 4,04 mm NYESO CD8 T cells s /
3 g : . L
SCREENING STRATEGY AND T CELL ENGINEERING : - - de screen - LA RN A IR A AN IAMAC MREC I
S 0.5- Figure 3: Summary of screen results from human cell line panel. (A) Example of a genome-wide screen in A375 cell line Days after T cell inoculation Days after T cell inoculation
highlighting select genes that upon knockout, lead to sensitization or resistance to T cell killing. (B) Heatmap summarizing SaNTC. Gt T, 266 SGPTPNZ i T, 266
H HH H H H HIH -=— sgNTC_NYESOT, 1e6 -=— sgPTPN2_NYESO T, 1e6
sgRNA _ the top hits from profiling multiple human cancer cell lines. (C) Summary of key pathways controlling tumor killing by CD8 N SENTC_NYESOT’QGG - SEPTPNZ_NYESOT,M
A Cancer cells infected abundance HEK293 AS49 NCI-H1703  NCI-H1755 CD80.25:1  CD80.5:1 CD8 1:1 cD8 2:1 T cells.
with CRISPR-Cas9 Y % =i ratie
| S L Figure 5: Human A375 cell line xenograft model with adoptive transfer of NYESO TCR+ CD8 T cells for target validation.
) s(»-) d (A) Schematic diagram of adoptive cell transfer model. (B) In vitro confirmation of antigen-specific killing of A375
s I . . . . . L.
— W o Figure 2: Cancer cell line selection for co-culture screens. (A) Lineage restriction of endogenous NYESO1 (CTAG1A/B) No T cells Co-culture with CD8+ T cells melanoma cells by NYESO TCR+ CD8 T cells. (C) In vivo dose finding experiment showing dose-dependent tumor growth
) Y S . . . . . . . . .
! expression in CCLE cell lines. (B) MHC-I expression in HLA-A02:01, NYESO positive cell lines. Cell lines with correct A inhibition following infusion of NYESO TCR+ CD8 T cells. (D) Quantification of CD8+ T cell expansion from panel (C). (E)

Measuring the effect of PTPN2 knockout by CRISPR/Cas9 RNP electroporation prior to cell inoculation compared to a
non-target control sgRNA.

CONCLUSION/SUMMARY

* An in-vitro screening platform was established for screening human cancer genes
that mediate sensitization and resistance to antigen-specific CD8 T cell killing

» Cell lines were selected based on intact MHC-| expression and HLA-A02:01
haplotype.

« Screen was performed in 7 cancer cell lines, highlighting key pathways involved in

l %) x,\:\-f haplotype but no endogenous NYESO expression were also identified and engineered with lentiviral-delivered NYESO
TS Gexaliitie N . transgene. (C) In vitro co-culture validation of antigen-specific killing of select cell lines.
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regulating killing of human cancer lines by antigen-specific CD8 T cells.
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Figure 4: Microscopy assay for in vitro validation of co-culture hits. (A) Celigo based assay showing typical example of
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