SUPPLEMENTARY FIGURE LEGENDS

Table. S1: List of 30 TCGA tumor types. The abbreviated TCGA tumor types are annotated.

Table. S2: List of all Immune synapse genes. The HLA, co-stimulatory and immune

checkpoint genes studied.

Table. S3: List of lllumina 450 probes for immune synapse genes. The probelD, the
location within the gene locus, the R correlation coefficient between probe B-value and gene

expression for all probes used in the study are summarized.

Table. S4: List of 75 selected probes for PCA. The probes located within TSS1500, TSS200,

5’'UTR within a gene with negative correlation to its expression are selected for PCA.

Figure S1. The methylation pattern for HHLA2 and CD40. 3-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of HHLAZ2 (A) and CD40 (B) derived from all tumor
samples (blue) and normal adjacent tissues (red) are depicted. The methylation level for each
probe is represented by a box-plots. The left most column indicates the presence of CpG-island,
while the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color. Heatmap of the correlation coefficient

between all the probes within HHLAZ2 (C) and CD40 (D) genes across all tumor types.

Figure S2. The methylation pattern for CEACAM1. (A) B-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of CEACAM1 gene derived from all tumor samples
(blue) and normal adjacent tissues (red) are depicted. The methylation level for each probe is

represented by a box-plots. The left most column indicates the presence of CpG-island, while



the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for
selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.
Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S3. The methylation pattern for LGALS9 (Galectin9). (A) B-values of methylation
probes for TSS1500, TSS200, 5’UTR, body, and 3'UTR of LGALS9 (Galectin9) gene derived
from all tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation
level for each probe is represented by a box-plots. The left most column indicates the presence
of CpG-island, while the second column colors indicate where on the gene the probe is located.
The genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation
coefficient between all the probes within a gene across all tumor types. (C) The average -
values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene
expression. Each circle represents an individual tissue sample. (D) A box plot of average j3-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S4. The methylation pattern for CD274 (PDL1). (A) B-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of CD274 (PDL1) gene derived from all tumor
samples (blue) and normal adjacent tissues (red) are depicted. The methylation level for each
probe is represented by a box-plots. The left most column indicates the presence of CpG-island,
while the second column colors indicate where on the gene the probe is located. The genomic

location is listed on the left y-axis and the probe id is shown on the right y-axis the probes



selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for
selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.
Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S5. The methylation pattern for PDCD1LG2 (PDL2). (A) -values of methylation
probes for TSS1500, TSS200, 5’UTR, body, and 3’'UTR of PDCD1LG2 (PDL2) gene derived
from all tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation
level for each probe is represented by a box-plots. The left most column indicates the presence
of CpG-island, while the second column colors indicate where on the gene the probe is located.
The genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation
coefficient between all the probes within a gene across all tumor types. (C) The average -
values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene
expression. Each circle represents an individual tissue sample. (D) A box plot of average j3-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S6. The methylation pattern for C7100rf54 (VISTA). (A) B-values of methylation probes
for TSS1500, TSS200, 5’UTR, body, and 3'UTR of C100rf54 (VISTA) gene derived from all
tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation level for
each probe is represented by a box-plots. The left most column indicates the presence of CpG-
island, while the second column colors indicate where on the gene the probe is located. The
genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation

coefficient between all the probes within a gene across all tumor types. (C) The average -



values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene
expression. Each circle represents an individual tissue sample. (D) A box plot of average j3-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S7. The methylation pattern for CD276 (B7-H3). (A) B-values of methylation probes
for TSS1500, TSS200, 5’'UTR, body, and 3'UTR of CD276 (B7-H3) gene derived from all tumor
samples (blue) and normal adjacent tissues (red) are depicted. The methylation level for each
probe is represented by a box-plots. The left most column indicates the presence of CpG-island,
while the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for
selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.
Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S8. The methylation pattern for VTCN1 (B7-H4). (A) B-values of methylation probes
for TSS1500, TSS200, 5’'UTR, body, and 3'UTR of VTCN1 (B7-H4) gene derived from all tumor
samples (blue) and normal adjacent tissues (red) are depicted. The methylation level for each
probe is represented by a box-plots. The left most column indicates the presence of CpG-island,
while the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for

selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.



Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S9. The methylation pattern for CD86 (B7-2). (A) 3-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of CD86 gene derived from all tumor samples
(blue) and normal adjacent tissues (red) are depicted. The methylation level for each probe is
represented by a box-plots. The left most column indicates the presence of CpG-island, while
the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for
selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.
Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure $S10. The methylation pattern for CD80 (B7-1). (A) B-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of CD80 gene derived from all tumor samples
(blue) and normal adjacent tissues (red) are depicted. The methylation level for each probe is
represented by a box-plots. The left most column indicates the presence of CpG-island, while
the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for

selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.



Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S11. The methylation pattern for PVR (CD155). (A) B-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of PVR gene derived from all tumor samples (blue)
and normal adjacent tissues (red) are depicted. The methylation level for each probe is
represented by a box-plots. The left most column indicates the presence of CpG-island, while
the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for
selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.
Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S$S12. The methylation pattern for LGALS3 (Galectin3). (A) B-values of methylation
probes for TSS1500, TSS200, 5’UTR, body, and 3'UTR of LGALS3 (Galectin3) gene derived
from all tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation
level for each probe is represented by a box-plots. The left most column indicates the presence
of CpG-island, while the second column colors indicate where on the gene the probe is located.
The genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation
coefficient between all the probes within a gene across all tumor types. (C) The average -

values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene



expression. Each circle represents an individual tissue sample. (D) A box plot of average j3-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S$13. The methylation pattern for TNFSF14 (LIGHT). (A) B-values of methylation
probes for TSS1500, TSS200, 5’UTR, body, and 3'UTR of TNFSF14 (LIGHT) gene derived from
all tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation level
for each probe is represented by a box-plots. The left most column indicates the presence of
CpGe-island, while the second column colors indicate where on the gene the probe is located.
The genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation
coefficient between all the probes within a gene across all tumor types. (C) The average -
values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene
expression. Each circle represents an individual tissue sample. (D) A box plot of average j3-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S14. The methylation pattern for TNFSF4 (OX40L). (A) B-values of methylation
probes for TSS1500, TSS200, 5’UTR, body, and 3'UTR of TNFSF4 (OX40L) gene derived from
all tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation level
for each probe is represented by a box-plots. The left most column indicates the presence of
CpGe-island, while the second column colors indicate where on the gene the probe is located.
The genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation
coefficient between all the probes within a gene across all tumor types. (C) The average f3-

values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene



expression. Each circle represents an individual tissue sample. (D) A box plot of average j-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S$15. The methylation pattern for TNFSF9 (CD173L). (A) B-values of methylation
probes for TSS1500, TSS200, 5’'UTR, body, and 3'UTR of TNFSF9 (CD173L) gene derived
from all tumor samples (blue) and normal adjacent tissues (red) are depicted. The methylation
level for each probe is represented by a box-plots. The left most column indicates the presence
of CpG-island, while the second column colors indicate where on the gene the probe is located.
The genomic location is listed on the left y-axis and the probe id is shown on the right y-axis the
probes selected for further analysis is marked with blue color (B) Heatmap of the correlation
coefficient between all the probes within a gene across all tumor types. (C) The average -
values for selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene
expression. Each circle represents an individual tissue sample. (D) A box plot of average j3-

values for selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure $16. The methylation pattern for HLA-A. (A) B-values of methylation probes for
TSS1500, TSS200, 5’UTR, body, and 3'UTR of HLA-A gene derived from all tumor samples
(blue) and normal adjacent tissues (red) are depicted. The methylation level for each probe is
represented by a box-plots. The left most column indicates the presence of CpG-island, while
the second column colors indicate where on the gene the probe is located. The genomic
location is listed on the left y-axis and the probe id is shown on the right y-axis the probes
selected for further analysis is marked with blue color (B) Heatmap of the correlation coefficient
between all the probes within a gene across all tumor types. (C) The average B-values for

selected probes within TSS1500, TSS200, and 5’UTR are plotted against gene expression.



Each circle represents an individual tissue sample. (D) A box plot of average B-values for

selected probes from tumor (blue) and normal adjacent tissue (red) are shown.

Figure S$17. Correlation of PC1 and PC2 with CSG and ICG. (A) A scatter plot of PC1 score
vs. average B-values of CSG probes is shown. (B) A scatter plot of PC2 score vs. average -
values of ICG probes is shown. (C) The PCA loadings of each variable, CpG-probes, for CSG
probes (Blue circles) and ICG probes (Red squares) are depicted. A box plot of average B-
values of CSG probes (C) and average B-values of ICG probes (D) for tumor (blue) and normal
adjacent tissue (red) are compared across histologic types. * p<0.05, ** p<0.01, *** p<0.001,

**** p<0.0001 by t-test.

Figure S18. PLS regression model in melanoma. The PLS model was developed by analysis
of patients with longer DSS vs. shorter DSS in the training set in melanoma. Kaplan-Meier
curves for DSS of the validation melanoma cohort is depicted based on the high vs. low

predicted response by median.

Figure $19. PC1 predicts OS and DSS in immunogenic cancers. (A) Kaplan-Meier curves
for OS of melanoma patients with high, intermediate, and low tertile of PC1 score are shown. (B,
C) Kaplan-Meier curves for OS (B) and DSS (C) of lung squamous cell carcinoma with high,
intermediate and low tertile of PC1 score are shown. (D, E) Kaplan-Meier curves for OS (D) and
DSS (E) of lung adenocarcinoma patients with high, intermediate, and low tertile of PC1 score
are shown. (F, G) Kaplan-Meier curves for OS of uterine cancer patients with MSI (F) or without

MSI (G) with high, intermediate, and low tertials of PC1 score are shown.

Figure $20. PC2 predicts OS and DSS in immunogenic cancers. (A, B) Kaplan-Meier curves
for OS (B) and DSS (C) of head and neck squamous cell carcinoma with high, intermediate and

low tertile of PC2 score are shown. (C, D) Kaplan-Meier curves for OS (C) and DSS (D) of renal



clear cell carcinoma patients with high, intermediate, and low tertile of PC1 score are shown. (E,
F) Kaplan-Meier curves for OS (E) and DSS (F) of renal papillary carcinoma patients with high,

intermediate, and low tertile of PC1 score are shown.
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Supplementary Figure 2 CEACAM/
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Supplementary Figure 3
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Supplementary Figure 4
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Supplementary Figure 5 PDCD1LG2 (PDLQ)
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Supplementary Figure 6
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Supplementary Figure 7 CD276 (B7-H3)
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Supplementary Figure 8
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Supplementary Figure 9 CDS86 (57_2)
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Supplementary Figure 10 CDS80 (B7-1)
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Supplementary Figure 11
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Supplementary Figure 12
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Supplementary Figure 13 TNFSE14 (LIGHT)
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Supplementary Figure 14 TNFSF4 (OX40L)
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Supplementary Figure 16

A

O

Average p(-value across 9 probes

29913343

-13098

-12713

-11836

-11558
-11550
-11542

-11494

-11366

-11339
-11334

-11295
-11265
-11261

11104

-11095
-11091
-11087

-11036
-11028

-11011
-11004
-10994

-10912

-10796

-10778
-10776

-10755

-10525

-10411

-10292

-10273
-10269

-10237

-10208
-10206

-10146

-10101

-10051

-08976

29908891

Tumor HLA-A
Normal | I I

— 800 o000

[T ool comon |27

HLA-A

¢g19585676

€g20221094

©g18349863

€g23303505

cg11946459
cg17608381
€g25637655

©g20408505

cg16742075
©g00082981

o5 ] 908039587

909535358
cg14018363
910018004

cg14772439
€g05839762

—€g19045970

2 6918599206

551 910886493

¢g18106971

5 €911722179

¢g05738749
€g21591486

€g22951229

¢g09803951
¢g19748509

51€925548869

q

cg11808100
©g24580035
cg05157171

923489273

cg17678719
cg15319255

—¢925291387

CPG Gene 0 01 02 03 04

0.5

0.6

07 08 09

€g20879959

51€920142377

cg19151378
€g05523662

¢g07163603

€g00390191

cg11086883

©q19585676
©g20221094

18349863

923303505
g11946459
©g17608381
925637655
©g20408505
g16742075

1

©g14018363

©g10018004

cg14772439

905839762

19045970

©q18599206

©g10886493

©g18106971

cg11722179

g05738749

g21591486

©g22951229

il

©g19748509

©g25548869

©g11808100

24580035

©g05157171

©g23489273

©g17678719

915319255

25291387

20879959

©g20142377

©g19151378

907163603

900390191

¢g11086883

919585676
€g20221094
918349863
0923303505
©g11946459
©g17608381
925637655

HLA-A log2 expression

O  Tumor
¢ Normal

0920408505
cg16742075
©g00082981

—_
o]

—_
(o]

—_
N

—_
N

—_
o

908039587
cg09535358
©€g14018363
€g10018004
0914772439
0905839762

9045970
8599206
0886493
8106971
1722179

0905738749

g21591486

©g22951229

©g09803951
€g19748509
0925548869
911808100
0924580035
©€g05157171
©g23489273
€g17678719
©g15319255
0925291387
0920879959
©g20142377
€g19151378
905523662
907163603
900390191
911086883

°g
cg
cg
©g
©g

Pearson r=-0.352
Spearman r=-0.273 |

O
o ]

0.2 0.4 0.6 0.8 1
Average (-value 9 probes

0.8 -

05

0.2 -

CpG : Shore Island
Gene: TSS200 5UTR 1stExon Body 3UTR
NN S S N N N S N S S NN S L L I I B S G
. -| ===  Normal
°
oi o0 ’ - == Tumor
: S :
° 3 ° —
. . . . ]
e oiz. 7]
¢ 3 ° . 1 $
o o ) o .‘ -
! ° s ° M o‘
o0 . s ° OOi e °. .
$ ] .
+*+2:; ;'E EPPIFRELERL 1N}
: $8ae - +
= ] ° -
*o. r+ ;t; ;+ ‘; °* ° ]
° °
AN I N N (Y T Y NN A (NN N SN NN (NN NN NN AN AN AN NN SO (NN NN NN MU SN N N S |
ONXNTITSIANOLTLOLLTORIVOLONIPLO99OON9ATIOLO®LS
O OGP O VN ORI IITITIIITOIRANSINISNILOR OOS YOS
TSIELFFTSFFFTEECEIIFIIY FEPEELSSF SOOI LTSS



Supplementary Figure 17
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Supplementary Figure 18
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Supplementary Figure 19
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Supplementary Figure 20
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