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The Immune Landscape of Cancer

Used gene expression, methylation
array data, DNA copy number and
mutation data from 10,000+
tumors from 33 cancer types

Identified 6 major immune
subtypes
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Approach

1: Genetic ancestry analysis (PCA of
germline genetics). Determine
continental genetic ancestry/admixture
of each individual. Correlate with tumor
immune response.

2: Heritability analysis. Estimate genetic
relatedness of each pair. Determine
whether genetic relatedness is
correlated with phenotypic relatedness.

3: GWAS: impute genotypes (using Hap
Ref Consortium) and perform GWAS for
immune phenotypes, adjusting for PC’s.
Prioritize more heritable phenotypes
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Samples e o

ACC 86 0.9
BLCA 393 4.2
BRCA 1,038 11.2
CESC 285 3.1
CHOL 43 0.5
COAD 389 4.2
ESCA 123 1.3
GBM 487 5.3
HNSC 530 5.7
KICH 9 0.1
KIRC 116 1.3
KIRP 236 2.5

LGG 519 5.6
LIHC 337 3.6
LUAD 431 4.6
LUSC 333 3.6
MESO 86 0.9

ov 448 4.8
PAAD 149 1.6
PCPG 183 2.0
PRAD 474 5.1
READ 131 14
SARC 238 2.6
SKCM 470 5.1
STAD 365 3.9
TGCT 155 1.7
THCA 449 4.8
UCEC 499 5.4

UcCs 42 0.5
UuvM 80 0.9

TOTAL 9124 100



Genetic Ancestry Analysis



PCA Results

PC1: African vs. rest of
populations

PC2: Asian, Native
American and Pacific
Islander vs.

African and European

PC3: Native American (&
Indigenous American
components in Latinos)
vs. other populations
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Associations between PC1 and Immune Signatures
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Linear regression models
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Heritability Analysis



Square of z-score difference

Heritability from GWAS Data
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Intuition: relatonship of genotypic
relatedness and phenotypic
relatedness is a function of overall
variance explained by genetic factors

Use linear mixed models
Calculate genetic relatedness matrix

Determine correlation
between genotypic
relatedness and phenotypic
distance

—0j01 0 0.61 0.62
Genetic relationship (adjusted estimate) Yang et aI Nat Genetics 2010



Distribution of Genetic Relatedness TCGA

FSO00000 = count

FSO00000D
"5_‘ SO00000 -
= SO00000D
L=
2500000
2500000 -
:_‘. -
i [ i -
0.0 0.25 0.50 0.75
Estimated genetic relatedness - Mo thireshold
cosamt
==l —
- = e |
—
—
=
=+ T+

e —

—Os =1 O.0S Lo P
E=tirmmateaed genastic relatedness - ThrEshoslhd @ O 1

On ~4000 Caucasian ancestry samples



Heritability for Immune Signatures in
Breast Cancer

T N I T

NHI Gene 0.54 0.19 <0.01
PDL1_data 0.44 0.19 0.01
Buck14 0.31 0.17 0.02
TGFB_PCA 0.26 0.17 0.05
B Cell PCA 0.24 0.17 0.07
CD8_PCA 0.18 0.17 0.13

T Cell PCA 0.11 0.16 0.27



Genome Wide Association(GWAS)
For Immune Cell Infiltrates



GWAS Results

Lymphocytes
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GWAS Results:

Macrophages
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GWAS Results

1

TH

-IlogiDiExpected P

(digiBal-

Chromosome



logilip)

24

20

2 u ®

10

GWAS Results:
TH1

“logi0(Observed P

20

logi0(Expected P)

Chromosome




Plotted SN P || NI 0 A0 0 OO

-logqo(p—value)

25

20

15

Fine Mapping Results for TH17
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Fine Mapping Results for TH2
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GWAS for LI score (Lymphocytes) in Melanoma

20:57263427 allele Vs. LI expression in melanoma

H test p = 4.66022682582177e-12

p= 4.9e-12
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Chrom20 locus is associated with
multiple immune traits in melanoma and with
immune response in other cancers

Chromosome

P value
PD1 1.40E-09
PDL1 0.0001344
CTLA4P 0.03158
LI expression 3.66E-09
Module3_IFN_score 3.72E-05
TGFB_score_21050467 7 0.3377
CD103pos_CD103 _neg_ratio 25446897 0.9133
CD8_CD68_ratio 3.01E-06
CSR_Activated 15701700 1.643E-01
P value

Bladder Ca 0.1635

Breast Ca 0.5041

Cervical Cancer 0.578

Colon Ca 0.1146

GBM 0.02411

Head and Neck 0.013

Renal Clear Cell 0.6314

Lung Adeno 0.7788

Lung Sq 0.9113

Prostate 0.8328

Analysis across all non-
melanoma cancers p=0.02



Fine Mapping and eQTL for LI in Melanoma
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NPEPL1 transcript level

20:57253427 allele Vs. NPEPL1 transcript level
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GWAS for PDL1 expression in LUSC
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Summary

Genetic ancestry is associated with multiple immune
signatures

Preliminary studies of genome wide heritability
suggests some immune signatures are heritable

Preliminary GWAS of immune signatures identifies
some candidate loci. Some cross-cancer loci and some
cancer specific loci



Future Directions

Complete heritability across all cancer types
Complete GWAS

Perform rare variant association analysis (exome seq)
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PCA Results
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Immune signatures analyzed
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