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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 Illumina 450 probes for immune synapse genes. The probeID, 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. b-values of methylation probes for 

TSS1500, TSS200, 5’UTR, body, and 3’UTR of HHLA2 (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 HHLA2 (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 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 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) b-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 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 S6. The methylation pattern for C10orf54 (VISTA). (A) b-values of methylation probes 

for TSS1500, TSS200, 5’UTR, body, and 3’UTR of C10orf54 (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 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 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) b-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 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 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 S13. 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 

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 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 

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 S15. 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 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 S16. 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 S17. 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 b-

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 S19. 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 S20. 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.  

 

 



C

DB

A

CPG
CpG : Shelf Shore Island
Gene: TSS1500 TSS200 5UTR 1stExon Body 3UTR

44745522

-46392

-46499

-46655
-46681

-46751
-46767

-46823
-46825

-46902

-46944

-47006

-47351

-51033

44757985

Gene 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

cg01149415

cg09053081

cg19839655

cg19785066
cg17929951

cg11841529
cg25239996

cg06571407
cg22232207

cg24575067

cg01943874

cg21601405

cg16686951

cg06218285

cg07222575

CD40

CPG
CpG : Shelf Shore Island
Gene: TSS1500 TSS200 5UTR 1stExon Body 3UTR

108020451
-20727

-21106
-21214
-21293

-31411

-41508

-65259

108096637

Gene 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

cg02124498
cg08817540

cg02059214
cg10431989
cg22926869

cg00915092

cg24769830

cg14703454

cg27229097

HHLA2

cg
27
22
90
97

cg
14
70
34
54

cg
24
76
98
30

cg
00
91
50
92

cg
22
92
68
69

cg
10
43
19
89

cg
02
05
92
14

cg
08
81
75
40

cg
02
12
44
98

cg27229097
cg14703454
cg24769830
cg00915092
cg22926869
cg10431989
cg02059214
cg08817540
cg02124498 -1

-0.5

0

0.5

1

cg
07
22
25
75

cg
06
21
82
85

cg
16
68
69
51

cg
21
60
14
05

cg
01
94
38
74

cg
24
57
50
67

cg
22
23
22
07

cg
06
57
14
07

cg
25
23
99
96

cg
11
84
15
29

cg
17
92
99
51

cg
19
78
50
66

cg
19
83
96
55

cg
09
05
30
81

cg
01
14
94
15

cg07222575
cg06218285
cg16686951
cg21601405
cg01943874
cg24575067
cg22232207
cg06571407
cg25239996
cg11841529
cg17929951
cg19785066
cg19839655
cg09053081
cg01149415

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Supplementary Figure 1



CPG
CpG : Shelf Shore Island
Gene: TSS1500 TSS200 5UTR 1stExon Body 3UTR

43012255

-32587
-32683

-33362
43033801

Gene 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

cg08174715

cg14904363
cg11811510

cg20657383
cg19776453

CEACAM1Tumor
Normal

0 0.2 0.4 0.6 0.8 1
Average -value 3 probes

0

5

10

15

C
EA

C
AM

1
lo
g2

ex
pr
es

si
on

Pearson r=-0.575
Spearman r=-0.569

Tumor
Normal

cg
19

77
64

53
cg

20
65

73
83

cg
11

81
15

10
cg

14
90

43
63

cg
08

17
47

15

cg19776453
cg20657383
cg11811510
cg14904363
cg08174715 -1

0

1

Supplementary Figure 2

A

D

B

C

CEACAM1
AC

C
BL

CA
BR

CA
CE

SC
CH

OL
CO

AD
DL

BC
ES

CA
HN

SC
KI
CH

KI
RC KI
RP

LI
HC

LU
AD

LU
SC

M
ES

O
OV

PA
AD

PC
PG

PR
AD

RE
AD

SA
RC

SK
CM

ST
AD

TG
CT

TH
CA

TH
YM

UC
EC UC
S

UV
M

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Av
er
ag

e
-v
al
ue

ac
ro
ss

3
pr
ob

es

Normal

Tumor



AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CO
AD

DL
BC

ES
CA

HN
SC

KI
CH

KI
RC KI
RP

LI
HC

LU
AD

LU
SC

M
ES

O
OV

PA
AD

PC
PG

PR
AD

RE
AD

SA
RC

SK
CM

ST
AD

TG
CT

TH
CA

TH
YM

UC
EC UC
S

UV
M

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Av
er
ag

e
-v
al
ue

ac
ro
ss

2
pr
ob

es

Normal

Tumor

0 0.2 0.4 0.6 0.8 1
Average -value 2 probes

4

6

8

10

12

14

LG
AL

S9
lo
g2

ex
pr
es
si
on

Pearson r=-0.535
Spearman r=-0.514

Tumor
Normal

CPG
CpG : Shelf Shore Island
Gene: TSS1500 TSS200 5UTR 1stExon Body 3UTR

25957331

-57771

-58267
-58282
-58303

-58673

-59847

25976191

Gene 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

cg19654781

cg10699049

cg27625456
cg21157094
cg23290146

cg05105919

cg03909504

cg06852032

LGALS9
Tumor
Normal

cg
06

85
20

32
cg
03

90
95

04
cg
05

10
59

19
cg
23

29
01

46
cg
21

15
70

94
cg
27

62
54

56
cg
10

69
90

49
cg
19

65
47

81

cg06852032
cg03909504
cg05105919
cg23290146
cg21157094
cg27625456
cg10699049
cg19654781

-1

-0.5

0

0.5

1

Supplementary Figure 3

A

D

B
C

LGALS9 (Galectin 9)



0 0.2 0.4 0.6 0.8 1
Average -value 2 probes

0

2

4

6

8

10

12

C
D
27

4
lo
g2

ex
pr
es
si
on

Pearson r=-0.345
Spearman r=-0.358

Tumor
Normal

CD274 (PDL1)Supplementary Figure 4
A

B C

D

CPG
CpG : Shelf Shore Island
Gene: TSS1500 TSS200 5UTR 1stExon Body 3UTR

5449890

-50410
-50535
-50724

5450936

Gene 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

cg15837913

cg02823866
cg14305799
cg13474877

cg19724470

CD274Tumor
Normal

cg
19

72
44

70
cg
13

47
48

77
cg
14

30
57

99
cg
02

82
38

66
cg
15

83
79

13

cg19724470
cg13474877
cg14305799
cg02823866
cg15837913 -1

0

1

AC
C

BL
CA

BR
CA

CE
SC

CH
OL

CO
AD

DL
BC

ES
CA

HN
SC

KI
CH

KI
RC KI
RP

LI
HC

LU
AD

LU
SC

M
ES

O
OV

PA
AD

PC
PG

PR
AD

RE
AD

SA
RC

SK
CM

ST
AD

TG
CT

TH
CA

TH
YM

UC
EC UC
S

UV
M

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Av
er
ag

e
-v
al
ue

ac
ro
ss

2
pr
ob

es

Normal

Tumor



PDCD1LG2 (PDL2)Supplementary Figure 5
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Supplementary Figure 18
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