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Tumor’s genetics

(Somatic)

Determinants of Immune Responsiveness
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Determinants of Immune Responsiveness
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Immune Phenotypes
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Germline Genetic Data
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Heritability

Is the Immune resonse against
tumors heritable ?

To what degree germline genetic
variants influence the diversity of
anti-tumor iImmunity observed
across patients?

)
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Heritability Q) s

GCTA GREML approach which simultaneously models the effect of all genetic variants
(MAF > 0.01) (Yang etal., 2010, 2011)

GREML calculates a genetic relatedness matrix (GRM) as a measure of the genetic
similarity of unrelated individuals and compares it to the similarity of the measured
immunological traits to calculate the total contribution of genotypic variance to overall
phenotypic variance

V(Genotype)/V(Phenotype) = % Heritability

(Requires large sample size, > 1000): Focus on EUR (N=7813)
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About 25% of the traits (33 of 139) were heritable

The traits most strongly influenced by germline genetics include estimates of the
abundance of cytotoxic T, NK, Tfh cells (heritability 20%), and IFN signaling
(heritability 15%)

These traits have been associated with favorable prognosis and/or responsiveness
to iImmunotherapy



GWAS (on 33 Heritable Traits) Q) s

Which common germline variants
associate with immune traits ?
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Interferon signaling A | e
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Interferon signaling
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STING PATHWAY Q) e
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Frontiers Immunology 2021

Polymorphisms in STING affect human innate immune responses to poxviruses
Richard B. Kennedy, PhD'"; Iana H. Haralambieva, PhD'; Inna G. Ovsyannikova, PhD'; Emily
A. Voigt, PhD’; Beth R. Larrabee®; Daniel J. Schaid, PhD?; Michael T. Zimmermann, PhD?; Ann
L. Oberg, PhD?; Gregory A. Poland, MD'

Table 1. Top SNPs significantly associated with vaccinia virus-specific IFNa secretion.
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Table 1. Top SNPs significantly iated with inia virus-specific IFNo secretion
SNP Chromosome Gene SNP Gene p-value | Minor | Major | MAF
Location Function Location allele | allele
157447927 138861146 TMEM173 | protein-coding | synonymous [ 1.49E-36 C G 34.7%
1s13166214 | 138862744 TMEM173 | protein-coding | S'upstream 8.92E-36 A G 35.3%
1s7444313 138865423 TMEM173 | protein-coding | S'upstream 1.41E-35 G A 34.5%
rs13181561 | 138850905 TMEMI173 | protein-coding | 3'downstream | 1.81E-34 G A 30.0%
1s55792153 | 138854203 TMEM173 | protein-coding | 3'downstream | 1.26E-32 A C 34.2%
rs13153461 | 138852369 TMEM173 | protein-coding | 3'downstream | 2.61E-32 G A 31.4%
1s9716069 | 138842818 ECSCR protein-coding | 5'upstream 5.32E-31 T A 31.3%
| 1528410101 | 1388445909 | ECSCR___| protein-coding | S'upstream LS0E-22 I (o] 13.2%
rs1131769 | 138857919 TMEM173 | protein-coding | missense 5.25E-22 T C 14.0% |
ISTIY58U57 1387835854 KINUSDB-4r PSEudo S JOWIISUCdanm 8.IIL~L. A% O 32.570
rs36137978 | 138785565 ECSCR protein-coding | 5'upstream 1.13E-21 C A 31.6%
rs10875554 | 138847652 ECSCR protein-coding | S5'upstream 1.99E-21 A C 15.4%
156596479 | 138780599 RNUSB-4P | pseudo S'upstream 5.63E-21 C T 31.9%
1s7446197 | 138783734 RNU5B-4P | pseudo 3'downstream | 7.51E-21 A G 33.8%
1s10463977 | 138781765 RNUSB-4P | pseudo S'upstream 1.80E-20 C T 32.4%
152434576 138917674 UBE2D2 protein-coding | S'upstream 6.57E-17 G A 30.8%
1534530489 | 138873627 LOC642262 | pseudo gene 7.00E-17 G A 31.4%
1s35779874 | 138869847 LOC642262 | pseudo 5’upstream 1.11E-16 A G 31.2%
1s7378724 | 138876953 LOC642262 | pseudo gene 1.13E-16 G A 30.9%
rs78233829 | 138857925 TMEM173 | protein-coding i 3.16E-13 G C 17.6%
rs11554776 | 138861078 TMEM173 | protein-coding i 1.05E-12 T C 16.5%
rs7380824 | 138856982 TMEM173 | protein-coding 1.25E-12 T C 17.7%

MAF: Minor allele frequency. Bold, italics — SNP studied in this report. Bold — SNPs in HAQ
STING haplotype.

IFN alpha response (ng/ml)
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Colocalization: causal genes \ \y SdraMadieine

Non Protein Coding SNPs (>99% of the GW and suggestive associations)

EXpression

eQTL in TCGA and GTEX \

Splicing Colocalization

sSQTLIn TCGA and GTEX



Colocalization: causal genes Q)] s

Sidra Medicine

eCaviar Expanded Region

rs140752248-RBL1 colocalization
TCGA

O

—~ 8 2
10 4 ) r
1.00
Wos Tcm Lo 6 W
_ 06 S 0.50
g | Hoa rs140752248 cells P 0.25
— 02 A4 95 2 -
w) c)'_ R L R o, e ow o o - s,
< ° PR YT e S S S VS TR TP A i
6 - o —
; _ 6 2’ = .
(@] = o E =100
~ 1) %’)‘ 4 3 g 075
T4 ag * z - . z-zz
= S 3 ¢ .
(@] o)) 2 IS8 . .
o 2 = a . > T2 o
T B S2e, & P . *. 0 ©
2 0 SR At AN At S NN S P e D e St Q S o :
z 1 3 ?
=
0 T 5075
o Q
o d 0.50
8 =
5 Q025
2
\ a 0
354 35.6 358 36 36.2 0 50 100 150 200

Position on chr 20 (Mb)

+/- 100 SNPS SNPs at +/- 500KB (for
sQTL and 1MB for
eQTL)

86 GW significant Hits Colocalized with a given gene
(31 confirmed by expanded region colocalization analysis)



-log10(sQTL) -1og10(GWAS)

CLPP

1.2e-05

9.0e-06

6.0e-06

3.0e-06

0.0e+00

Example of Negative Clocalization

° ° . @
L ]
[ ]
P @ezmD 0 ‘. o
"‘ﬁa‘ \_‘\'u -wﬁ' X .. 5 .o" .::'-un
0 50 100 150 200
] ..
o i .
utpoapl ol L ARSI SRR S
0 50 100 150 200
i .
0 50 100 150 200

SNPindex

m 100
0.75
0.50

0.25

-|00

0.75
0.50
0.25

m 100
075
0.50
025

<

-log10(sQTL)

NARS

4
-log10(GWAS)

1 hl16)aauw

\q\) Sidra Medicine

= 100
0.75
0.50
025



Colocalization: causal genes \ \” SdraMadieine

86 GW significant colocalization (31 confirmed by expanded region colocalization analysis)



Genetic variants and candidate genes associated with T cell subset ES \ \)
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Max Colocalization (CLPP)
eQTL sQTL

-log;o FDR p (QTL)
GTEx

0.5
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Rare Variant Analysis (Cancer Predisposition Genes) Sidra Medicine

Focused on well-annotated, germline pathogenic or likely pathogenic cancer predisposition variants as
previously defined (allele frequency in 1000 Genomes and EXAC (release r0.3.1) < 0.05%) (Huang et al.,
Cell 2018).

Exome files related to samples for which all the covariates (age, sex, cancer type, and PC1-7) and at least
one immune trait was available were retained (N = 9,138).

832 pathogenic/likely pathogenic SNPs/Indels events with at least one copy of rare allele in the whole
exome sequencing data, corresponding to 586 distinct pathogenic SNPs/Indels mapping to 99 genes.
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Pathway burden analysis using selected pre-defined biological pathways: at least 5 events PanCancer

(21 Genotypic Categories)

Pathway Genes
BER . WRN, MUTYH 5
(Base excision repair) °
BRCAL BRCA1 < < < 0O 2 0O< Q oo O 0O0UAO0O0O0=nk<O
2 o < S0 L 9 O o} w v

BRCA2 BRCA2 2800 0P3952%8¢8 BPizh 352580232882
Cell adhesion EPCAM, CDH1 o< ommOOOWOTIKXX JI323=Z0ada0axonmnkE>DDD
Cell oycle ESE,SPKMB’ CDKN2A, BUB1B, FA 0 0 i. 3 2 0 2 2 I 4 I a 208 s 2 3 0 3 . 104 412
Collagen COL7A1 Genome integrity 0 0o o 2 4 2 2 1 1 2 3 0 2 0 . 3 4 12 1 1 0
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PALB2, BRIP1, ERCC4 HR Non BRCA tBla 2 o[l a8l 1 115 12 008321 134212810
Gap Junction GJB2 Metabolism 01 2 0 0 1 1 1 2 0 1 -3 11 2 0 1 2 . 3 0 2 4 2 3 0o o0
Genome integrity TPS3, ATR, CHEK2, ATM MMR 00 2 1 0 . 0 2 3 1 1 2 33 2 2 0 0 0 1 3 0 2 0 2 0 1 0 0
Histone modification MEN1, PRDM9, JMJD1C Cell cycle o B . aaaa I 0o oo 180 1 0000 1.0 1 1 0 o
HR Non BRCA
(Homologous recombination POLH, BARD1, RAD50, NBN, BLM, NER o0 1 1 1 0 0 0 2 2 0 3 0 12 1 1 0 1 0 0 0 0 O 1 4 0 2 1 0 O
excluding BRCAL and RECQL4, RECQL RTK signaling 01 2 2 0 00 0 1 0 0/ 3 10 1 1 0 0 0 . 01 0 0 0 1 0 2 0 0
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Metabolism SDHA, FAH, EXT1, SDHC, GALNT3, Collagen 01 2 0 0 1 1 0 4 0 1 o001 1 0 0 0O 0 O 0 0O O O O 0 2 1 1 0
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(Nucleotide excision repair) POLE
Protein homeostasis BER 00 1 00 O0WOU OOTZ1O0 1 2 01 1 0 0 0 0 0 0 0 2 1 0 0 1 0 0 0O

R CYLD, CBL, CTR9, BAP1, VHL - i
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RTK signaling MET, RET L
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Transcription factor

MAX, HNF1A, PAX5, PHOX2B

Whnt B-catenin signaling

AXIN2, APC, PTCH1



Rare Variant Analysis (Cancer Predisposition Genes)
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Mismatch Repair Defect and Microsatellite Instability \ \) -S_;bJ_INc\JpJu_l
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Cancer type
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Take Home Messages

15-20% of intratumoral variation of interferon signaling and cytotoxic cells is heritable
Common variants of IFIH1, STING1, and TMEM108 affect cancer IFN signaling
Common variants of RBL1 are associated with differential T cell infiltration

Rare cancer predisposition variants affect different immunomodulatory pathways
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Potential Clinical Implications — Precision Medicine\q\) Sn Madiaine

Checkpoint Inhibition ( > 5000 patients needed for GWAS with 80% power)
Polygenic risk score
Patient stratification especially in the adjuvant context

Integration with other variables (tumor intrinsic features, microbiome, intratumoral immune signatures)

Multidimensional (HOST+TUMOR+MICROBIOME) predictor score

Host's genetics
<

Current Opinion in Immunology
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