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Figure S1: Pan-cancer assessment of CHD4’s di�erential expression and diagnostic performance. (A) Di�erential
 CHD4 mRNA expression between tumor and adjacent normal tissues in TCGA cancers. (B) Pan-cancer diagnostic 

 ROC curves. * p ＜ 0.05, ** p ＜ 0.01, *** p ＜ 0.001; ns: not signi�cant
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Figure S2: Prognostic value of CHD4 expression in pan-cancer analysis. Kaplan-Meier curves showing associations  between 

 CHD4 expression levels and overall survival (OS), disease-speci�c survival (DSS), disease-free interval (DFI), and progress-
ion-free interval (PFI) in indicated cancer types.
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Figure S3: �e genomic landscape and immunogenomic associations of CHD4 across cancers. (A) Waterfall diagram of 
CHD4 mutation in pan-cancer. (B-D) Lollipop plots of Spearman correlation between CHD4 expression and (B) 
mutant-allele tumor heterogeneity (MATH), (C) tumor purity, and (D) neoantigen load (NEO). (E,F) Radar charts 
showing Spearman correlation between CHD4 expression and (E) silent and (F) nonsilent mutation rates. �e colored 
curve indicates the correlation coe�cient; the blue value indicates the range. (G) Heatmap of average immune response 

and genomic characteristics strati�ed by CHD4 expression in pan-cancer.
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Figure S4: CHD4 correlates with cancer stemness and promoter methylation in pan-cancer analysis. (A-F) Bar charts of 
Spearman correlation coe�cients between CHD4 expression and six cancer stemness indices: (A) DNAss, (B) 
EREG-METHss, (C) DMPss, (D) ENHss, (E) RNAss, and (F) EREG-EXPss. (G) �e scatter plot shows the correlations
 between CHD4 expression and promoter methylation in pan-cancer.
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Figure S5: Prognostic and epitranscriptomic associations of CHD4 methylation. (A) Kaplan-Meier curves for overall 
survival (OS), disease-speci�c survival (DSS), disease-free interval (DFI), and progression-free interval (PFI) in patients 
strati�ed by CHD4 promoter methylation levels. (B) Heatmap of correlations between CHD4 expression and RNA modi 

�cation regulator genes across pan-cancer.



0.00

0.25

0.50

0.75

1.00
A

C
C

_T
(6

8)
B

LC
A

_N
(1

8)
B

LC
A

_T
(3

74
)

B
R

C
A

_N
(1

12
)

B
R

C
A

_T
(1

06
5)

C
ES

C
_N

(2
)

C
ES

C
_T

(2
25

)
C

H
O

L_
N

(9
)

C
H

O
L_

T
(3

4)
C

O
A

D
_N

(4
1)

C
O

A
D

_T
(3

82
)

D
LB

C
_T

(3
9)

ES
C

A
_N

(1
3)

ES
C

A
_T

(1
80

)
G

B
M

_N
(5

)
G

B
M

_T
(1

45
)

H
N

SC
_N

(4
1)

H
N

SC
_T

(4
72

)
K

IC
H

_N
(2

5)
K

IC
H

_T
(6

5)
K

IR
C

_N
(7

2)
K

IR
C

_T
(5

22
)

K
IR

P_
N

(3
2)

K
IR

P_
T

(2
64

)
LA

M
L_

T
(1

78
)

LG
G

_T
(5

07
)

LI
H

C
_N

(4
2)

LI
H

C
_T

(2
79

)
LU

A
D

_N
(5

9)
LU

A
D

_T
(5

04
)

LU
SC

_N
(4

9)
LU

SC
_T

(4
97

)
M

ES
O

_T
(8

0)
O

V
_T

(4
12

)
PA

A
D

_N
(4

)
PA

A
D

_T
(1

71
)

PC
PG

_N
(2

)
PC

PG
_T

(1
63

)
PR

A
D

_N
(5

2)
PR

A
D

_T
(4

39
)

R
EA

D
_N

(1
0)

R
EA

D
_T

(1
38

)
SA

R
C

_N
(2

)
SA

R
C

_T
(2

30
)

SK
C

M
_N

(1
)

SK
C

M
_T

(1
00

)
ST

A
D

_N
(3

5)
ST

A
D

_T
(4

12
)

TG
C

T_
T

(1
39

)
TH

C
A

_N
(6

5)
TH

C
A

_T
(4

98
)

TH
Y

M
_N

(2
)

TH
Y

M
_T

(9
3)

U
C

EC
_N

(3
3)

U
C

EC
_T

(3
47

)
U

C
S_

T
(4

9)
U

V
M

_T
(7

9)

PS
I v

al
ue

CHD4_AA_19897

ACC BLCA
BRCA

CESCCOAD
ESCA

GBM

HNSC

KICH

KIRC

KIRP

LAMLLGG

LIHCLUADLUSC

MESO

OV

PAAD

READ

SARC

SKCM
STAD

UCEC
UCS

UVM

0

1

2

3

4

−2 −1 0 1 2
log2(Hazard Ratio), OS

−l
og

10
(P

−v
al

ue
)

CHD4_AA_19897

ACCBLCA

BRCA

CESC

COAD

ESCAGBM

HNSC

KICH

KIRC KIRP
LGG

LIHC

LUAD

LUSC

MESO

OV

PAAD
PCPG

PRAD

READ

SARC

STAD

TGCT
THCA

THYM

UCEC

UCS

UVM

0

1.25

2.5

3.75

5

−30 −2 0 2 30
log2(Hazard Ratio), PFI

−l
og

10
(P

−v
al

ue
)

CHD4_AA_19897 CHD4_AA_19897

BLCA

BRCA

COADESCA

HNSC

KICH

KIRC

KIRPLIHC

LUAD

LUSC

PRAD

READ

STAD

THCA

UCEC

0

0.5

1

1.5

2

−0.07 −0.035 0 0.035 0.07
PSI difference (Tumor−Normal)

−l
og

10
(F

D
R

)

Tumor PSI 0.51 0.52 0.54 0.55 0.57

Years Years

| |

|
| | |

| ||
|

|
| |

|| |

| | | |

| | | || | | | | | | | |

|| || | ||

| | | |

0.00

0.25

0.50

0.75

1.00

0 2.5 5 7.5 10 12.5
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.604(n=37)

PSI>0.604(n=31)

ACC−SpliceSeq
CHD4_AA_19897
Log−rank p = 3.43e−02

||||||||||

||
|| |||

||| |

| || |

| |

| |

|

||||||||||||||||| |||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
|| ||||| | || || || | | | |

| || | |
|

| |
| || | | | | | || | | | | ||

0.00

0.25

0.50

0.75

1.00

0 5 10 15 20

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.473(n=42)

PSI>0.473(n=183)

CESC−SpliceSeq
CHD4_AA_19897
Log−rank p = 4.7e−02

|

|
| |

|
|

|
| |

|

| | | |

|

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.655(n=30)

PSI>0.655(n=4)

CHOL−SpliceSeq
CHD4_AA_19897
Log−rank p = 1.73e−02

|
||

|

||
|
| |||

||| |

|
||
||

|

| |

|| | |
|

|

||

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4 5 6
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.545(n=124)

PSI>0.545(n=20)

GBM−SpliceSeq
CHD4_AA_19897
Log−rank p = 8.26e−03

||||||||||||||||
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| |||||| ||||||||||||||||||||||||||||||||||||| | | | |

|
|||| ||||| |

|
|

|

| |

|
||| |

|
|||||||

||||||||||||||||||| || ||||||||||| ||||||| || |
| ||| ||

|| | | | | |
| | | | ||

0.00

0.25

0.50

0.75

1.00

0 5 10 15 20
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.593(n=359)

PSI>0.593(n=112)

HNSC−SpliceSeq
CHD4_AA_19897
Log−rank p = 2.3e−03

|||||||
||| |

|||||||| || || |||| | | | || |
|

|
||||| ||

|| | ||| ||| ||||||| |
|

||| |||||||||
|||

||
|| ||||| | ||

| || | | | || |

|| | |

||||||||| |||||||||||| | ||| ||||||| ||||| | |||||||||| ||| |||||||||||||||| || || |||||||||||||| ||| ||||||||||| || |||||| ||||||||||||||||||||||||||||||| ||||||| |||||||||||| | |||||||||||| ||||| ||| |||| ||||||||| | ||||||| | | | | ||| ||| ||| | | | | || | | ||| | | |||
| || | | || || || |

0.00

0.25

0.50

0.75

1.00

0 2.5 5 7.5 10 12.5
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.536(n=183)

PSI>0.536(n=339)

KIRC−SpliceSeq
CHD4_AA_19897
Log−rank p = 3.99e−05

| |

| | |

| | | | |

| ||
|| |

|
| |

|
|| |

|

|| || |

| | | |
|

| | | | | || | | | | | | | || | | |

0.00

0.25

0.50

0.75

1.00

0 2 4 6
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.4(n=16)

PSI>0.4(n=150)

LAML−SpliceSeq
CHD4_AA_19897
Log−rank p = 1.04e−02

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| ||| | | | |||
| | || ||

| | || | | | |||| ||
|

| ||

| |

|||||||| || |||| || ||||||||||||||
||||| |||||||||| || |||||||| | | |||||

| |
|| |||| |

| | | ||

| | | |

|

|

0.00

0.25

0.50

0.75

1.00

0 5 10 15 20
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.546(n=397)

PSI>0.546(n=108)

LGG−SpliceSeq
CHD4_AA_19897
Log−rank p = 1.51e−02

|

|
|

|

|
| |

|

|

| | | |

0.00

0.25

0.50

0.75

1.00

0 2 4 6 8
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.626(n=63)

PSI>0.626(n=16)

MESO−SpliceSeq
CHD4_AA_19897
Log−rank p = 1.94e−02

||||||||||||||||| ||||||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| |||||||||||||||||||||||| |||||| ||||||||||||||||||||| |||||| || |||||||||| || |||||||||| ||||||
| | |

|||| || | || | | || |

||||| |||| ||| || |||| ||||||||| ||||||| |||| ||||||||| ||||| ||| ||||||| |||| || | | | ||| |

|

| || |

|

| |

0.00

0.25

0.50

0.75

1.00

0 5 10 15
Years

PF
I S

ur
vi

va
l

Optimal cutoff
|

|

PSI<=0.625(n=346)

PSI>0.625(n=93)

PRAD−SpliceSeq
CHD4_AA_19897
Log−rank p = 1.75e−02

| || || | || ||| | ||||||||||| | ||||||||||| |||||||| |||| ||| || | || || | |
||||||| |

| | | |
| | |||

| | | | | | | | |

| |

|
|

|| |

| |
| | |

| |

|

| |

0.00

0.25

0.50

0.75

1.00

0 2.5 5 7.5 10
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.641(n=109)

PSI>0.641(n=28)

READ−SpliceSeq
CHD4_AA_19897
Log−rank p = 9.29e−05

|| | ||

|
|||

||
|
|
|

||
| || || || | |||

| | |
|

||
| | | | |

||
|||| |||||||||||||||||||||||||||

||||||| |||||| ||
|||||||||| | | || | ||||||||||

|| |
|||| || || ||

| |
|||

||| | | | | | | |

0.00

0.25

0.50

0.75

1.00

0 4 8 12 16
Years

O
S 

Su
rv

iv
al

Optimal cutoff
|

|

PSI<=0.443(n=78)

PSI>0.443(n=152)

SARC−SpliceSeq
CHD4_AA_19897
Log−rank p = 2.61e−04

Cutoff 0.40 0.46 0.52 0.58 0.64 Cutoff 0.40 0.46 0.52 0.58 0.64

A

B

C

Figure S6: Prognostic signi�cance of CHD4 alternative splicing. (A) Percent spliced in (PSI) values of the alternative 
splicing event CHD4_AA_19897 across pan-cancer, adjacent, and normal tissues. (B) TDi�erences in PSI values between 
tumor-adjacent tissue comparisons and their association with OS and PFI. �e red dashed line indicates FDR = 0.05. Point 
size corresponds to tumor PSI values. (C) Kaplan-Meier curves from OncoSplicing showing the prognostic signi�cance 

of CHD4_AA_19897.
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Figure S8: CHD4 expression links to immune landscape and checkpoint molecules. (A) Heatmap depicting Spearman 
correlations between CHD4 expression and 68 immune features. (B) Heatmap of correlations between CHD4 expression
 and a panel of immune checkpoint genes
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Figure S9: Comprehensive characterization of CHD4 in immune regulation and response to immunotherapy. (A) Heat-
map of correlations between CHD4 expression and 150 immune modulator genes. (B) Box plots of CHD4 expression in 
vivo across tumor models and in response to immune checkpoint blockade (anti-PD1, anti-PDL1, anti-PDL2, anti-CT-
LA4), comparing pre- vs. post-treatment and responder (R) vs. non-responder (NR). (C) Box plots of CHD4 expression 
in vitro in cell lines before and a�er treatment with cytokines (IFNγ, IFNβ, TNFα, TGFβ1). Signi�cance was 

evaluated using the DESeq2 Wald test (*FDR ≤ 0.05, **FDR ≤ 0.01, ***FDR ≤ 0.001)


