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Abstract

This study utilized multi-omics data from The Cancer Genome Atlas (TCGA) across several gastroin-
testinal malignancies—including hepatocellular carcinoma, gastric adenocarcinoma, colorectal can-
cer, pancreatic cancer, and esophageal cancer—to investigate the oncogenic mechanisms of ion channel
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gene mutations in tumor development and progression, as well as their impact on patient prognosis.
First, samples were screened using stringent quality control criteria. Subsequently, univariate Cox
proportional hazards regression analysis was applied to identify 15 ion channel genes significantly
associated with overall survival. Co-mutation analysis further revealed synergistic and mutually exclu-
sive mutation patterns among these genes and their family members, suggesting that they may func-
tion through complex regulatory networks. Functional enrichment analyses (GO and KEGG) indi-
cated that these genes are primarily involved in key biological processes such as transmembrane
ion transport and membrane potential regulation. Finally, by constructing a protein-protein interac-
tion (PPI) network, the study identified CACNB1, KCNB2, and TRPC6 as central hub genes. Overall, the
findings suggest that mutations in ion channel genes contribute to the progression of gastrointestinal
cancers by disrupting cellular ion homeostasis, and they provide new insights for prognostic evaluation
and potential therapeutic targets.
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1. ERGRAR

1) THAGIE IR 4y 3 PR IR

T AL AE (Gastrointestinal Cancers, GICs) A& — G T A0 18 25 5L B S5 A 28 27 () 20 o Frf e J g
TR AR B & EWE LTSS WA, EAEKEE NI E TR R S TR R AT
NEMIR 2RI — 1] [2]. A RIVH A B AR AR R . ZHEGERIR . B0 fe B R 36 R I PR 3 284 45 U THI A7
FERZE . B, S8 BRSNS MmO E R, R R RS WE . ol & E
TERMEFNREVIMEG: BT BRI LR, sl TRFF B 54 R 450 2 H H B 80H H
F: GHWEGRTEW R RGN, Stk 5B K RE S UIME, BORAERER: FFaE
W 22 12 1tk 2, B ml P ARG B P I 8 PP A S50 03 2 45 44 38 R 1 SR 3] [4]

TES TR b, AFEIZEEBEAE R RE R I B3 0k RO, S EhE b SRR A R &
VI CK5/6) 2 53 m3kik; B HPLE FHE MUCSAC W4 RiK; 4 E s MERE R APC R
IRATIE T0% LA b, HEIM A5 WNT {558 55 3oa 5] e W35 A7 7 L 2 (HBV) 2 [F
HEEGHEM, ARIFHEAGERAE T, FIE 5 IEEANE, (H R H s & ARk fe B B2 1 k3 fE
[6]o B FLR I T AL TE IR s B4 B . T VEAS B MRS T SREmE il e B2 it 1 B T Y B AR AR

FUE AR AR SRR 5 4y 73R 8 DA B35 0, H A% 0 B0 B A 52 00 vy
. Tanba 1 Dong &5 N3 it £ 40 5 5 g0 B 5 S A0 0 2, i AT ik J8g 33 777 Ji7 9 32 Al (U1 KRASS
MYC) 5 B0E S M JE K (1 TP53. PTEN)YjRE R, #E1fi/rF PIBK/AKT. MAPK A& Wnt 5548 BLEUs
G IR RS AL, TG RE R I T RE SR SR S0 R 4 R A A . B - (RS AG(EMT) I AR R 1R
BRI A L RE (2] [7]. HEA, Ren SEAENME o ROBF SR, ibRg ik fe 5 fo % PR B 2K AL % VA
IR, IR it i I AR 2 BT 2 B R A K A IR 4 Y R T RS2 A B KR T 4 iR 52 B
MR TR R D Re e SN EAE, SRR R T Ibs S g 1k 10 % 12 28 54 7 1) B BEOA B Al 8] |
R SEAEATL 0 B, A 5 Y A TR o DL ) 2 DI R R I T TR B AR A T BRI AR A
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2) BFIEE AN AE R KK R R

B TIRTE R BN T AR A B s i 1, AL DR F Na's K\ Ca?'. CI &l
HE TR S, GFRNETRE, I 22 59002 A 2 LR B R . IEF R KRR
RS, Bl ) i RIS T RE R ALE 2 FhH AL T8 Je e 1) Rk AR R e B R G R AR R, B2 B “9s
Pl 22 R IA . 0@ BE S R4 7 (S BUREE o B 380 m e s e v A 4 B A AT T
1228 K ML A AV AR ) 2 3R T, SR PR T A T TR A AL 5 S S PR T 9 AT R D B R [9]

Ca? T8 2 H BTV I i St 78 B IR N B F-IEE R 8 2 — . Stoktosa %5[10] (2020 4F)idEid &
oI TRP JHIE FOGRAEE AL E IR R $E/E KB TRPVL TR 1l J B 21 24 23Rk L if#a s,
R I8 5 B 115 5 0 B IR BN e e ) AR S HL AT REAE AR R I E O K A T e FE R EERIR
Aoy, WABHHRGE TRPVI il 82 53R 0RES, B FEROE vl i 1Y 5 Ca> {OBi S 5 8 B 17
b, et IR AN B ) S A SRS RE [ 1], XS5 5N TRPVI EARFTEALE R Al GE A B E 1
R AR SR AL T B SRl

KT [ V2 2 5 A T8 e ) B v e i f i #  F50E AEiE KCa3.1 fETF4H w24 2
O AR, LB R A S TIE s, (R R A G T TR S AR AR A AT N[ 12] . Lu
Z[13)FH TCGA JK ICGC ¥a g, %f 328 AN e FE K347 2 S 3Rk 70 i, 9 i i CLCN2 5 ANO10
AR R OIE, 3 — D nd SEES IR 1 H XV A e AR TS R, IR T IX AN B A
Fy 7 2 A W R SR A 1R XU PP 73 B

3) RAL G RE TS IR0 Ui

98 DNA H #2848 41477 (Tumor Mutational Burden, TMB) K, 58 45 £ & & 17 5 2R AL ) B B AR by, 24
V2R SN TR e P24 7 25 01 75 (Immune Checkpoint Inhibitors, ICIs)iG7 S b7 () B B A Mbr &Y, WA
BLZABARAE 22 P R 2R b 1) R B R U ) RO RE [ 14]-[16]. BHAEDL R, & TMB 7K 5 5 1) 5%
TRIT IR 3R 25 K BB K B AR A A B DA DG 17] [18]0 JTEEIR, BEHE R e 5 2 K LB Wb &M IR Bl A T SR
PRE A JE, A NI P P B B AR AR TMB,  7E IR 27 0 70 408032 BRI 22 1 %7 - Gao %5
[ 19 ]33 5%oF = [ L e R ) P g SR A A7 i o R DR e s B i A7 22 2 70 M, R I TMB 5 e e 4 v i
=R AL R TR UM OG, RIS FAT3 JER AT /E NI LE (A 036 )7 #E £

AR, HOREAR DG TR R I e Rk L R R SRR, AT B A EAE S T R G A M S I E A
S, AR A R 2 B R SR AR AT O (20] . AR RS TmE AR MY R . T DR R RS R
HR SRR R RO IEER, HEWSTRRET 225N RE. R2EBLERIERE, 2MEE
S G E B R [21]. o, FUEIER KRAS R EEIRYE . 45 B e K 4 2l ik
A IR A, 124 R R MAPK . PI3K-Akt 25 N5 S0@ M, b8 4 Mo JC PR 4 4
FACH B AE, B 5 MIR s R 22 M A R TS %A R [22] 164k, PIK3CA JE R BUE A2 B PTEN J&
KIThee k%, AFE PI3K-Akt-mTOR 15 S AR 254, IS IR AT o i S 0 I AR A, Xt
& 25 T A T8 g i B JFLAth 2 AP e e b 5 i A7 AE A% 020 T BILRII 23]

R H R A V25T A e iE I 2 S B e 7T, (R X 2 7 1 s R AR 1 ¥ A e i A AT
TEAEZ T R . HAT, %8S 7l I ) AH SCHI 5 2 SR AR T B — T AR e A, R 200 B 10 3 ik PR AR
TEZ A R AR SRR RN KGR R, X LR 7t 45 B0 A T 6 s FLAEAS R b b 1) e 57
PED)RE Sz AR O . Ak, A B 9T 22 [ 5% B -l T ik (R R B 7K P R 4 i, ER 0t B i R A
SRAG ey Y42V A T SO LR RN O B =, BRI T R B8~ 38 1 7 A e R A FE LR )
XN I
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2. BEKERG A

1) Hdf RIE 5 ik

X IR R PR, AT 50 3 T i 25 R 40 P 1% (The Cancer Genome Atlas, TCGA)SUE 2, RStk
JHF 41 g5 (Liver Hepatocellular Carcinoma, LIHC). 5 i) (Stomach Adenocarcinoma, STAD). 4% 7% (Colon
Adenocarcinoma, COAD). fififliJ& (Pancreatic Adenocarcinoma, PAAD) & £ % % (Esophageal Carcinoma, ESCA)
IRE A S A R TB A A4 o SR e s Bt B IR IRAS B o FEXS BT R a2 22k e — %3
S B S, SRS T @ PR AR, T R PR R 2SR S b, NIRRT T
1 T8 KR DR TRALALE 22 Y AT B (R P AL 2958 Bl

2) Hdfs sk B

AT TCGA Hadl B b $2 L iR 5 Fhyi A e fh AR 40 I f SR P 808 fa . O 1 ORI AR R AR
AR AAFAERT I A B AL B V5 G5 00, W EER BT Ik, AT ORI B 45 SR B T SEPE . DUFEAS G RAR
BAEIZ O TIRTEAR, OB M FUEARAE: E5E, BIRETRAREUNT 10 MR PRRALHREA, %K
A Gy R L AME . H bR X S5 1) U B w22 IR, BB S R H i T AR e A I
I3 fEFRHEZE A + 3 x SDYIERBRL R EAEA, DUCHUBERE ARG 38 W S g 1 72 S RARAT A8 H
B IR S DR BN JE 2200 M 4 R I

TE 58 R A A T AR B B o Rl J AN Fe e — D ik [R] I B8 58 B RS B e A RA L
I S AR RS B SRR, BHINFBZ LSRG T, BRI T 1) e 1 5 2 i 5 R
IR o

3) R

BB TAL B TAE R e i, SRR R 7 0707 ik 5 B bR A S Tl OC 1098 £ G F br, A
Jo SR 7E S RIB A AT S D REN LI S 4R /NS L. BB 7 1) o ASTIE S DAY I TE AR 20 i s R AR N B AR
i, DUEFE BA L2 (Overall Survival, OS). JoJi A= {7 (Disease-Free Survival, DFS){E N AZ &, fh R
T 5 survival BT R FLPR 2 Cox LU UK [B1 V5 73 B, WA 25 55— a1 A5 R R AR FR b 5 18 35 T3/ RO AH G
R IEPRAE R E N PAE < 0.05, BIUCHIZE i £ R RIS S 2 M B TS AR ST i
KW Rk rs B BA B2 S RSB IR IR I G SR N AT, NG SRt i fit 7 — @ M BER R

4) FLRAR G M

FT IR R AR QR R, X T E SR A BRI AT B 2, K R 165 maftools AHEAT 3L
RAE B R RA ST, 1% 3 SRR RALN s[RI AL A% O BRI L RAZHE [, FFH pheatmap ELZ: ] #47)
BB 7R AL RASRHLE

5) YiReE i

R TRAR R 2 A% D B R R AE 5 D e ) 2 5 1S 5, XETRGE 1S B AR A% O B AT
Dhie'E Lot BAEiEmT: © EHE9H TH: KA clusterProfiler f4(R & 5), 454 GO (Gene Ontology)
5 FE A KEGG (Kyoto Encyclopedia of Genes and Genomes)¥(#E FEi#iT EE 0T @ AR : GO
oI FEAFE A YEFEBP) 4HMIZH 73 (COFM A T IIRE(MF) =N 21, KEGG ‘& &40 2 Tk
RAZREZORENEE SENESHE, O MikhridE: M padj<0.05 /E R EELNTRERE, RE
SREERHOSE D(<3 MK E: @ SRk R geplot2 4] GO B HARE. <IBE KX KEGG &
EREE, BMRR R R FEZOHER S RN FEIIR & H S 5, BT 5 R .

6) PPI 4% 73 bt

Eixf BRI IEAS B S AR BRI K], 3P FB B A M - & A AH LA A (Protein-Protein Interaction,
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PP 25 047, WM LG b B 1 o 2 18 B AR ELAE F OG 2R, Db 6 TR P (R R 4 LA SR A S8 . ANt R
STRING  u#s e $E 13 A 5 2% Kk [ 4 B 2 1 B AT AE ELA D0 &R, L 00 & L 10 845 2 R O T
FERERAROAEY, HIRRERSE. EHAEESEKARBOCR. fa, XHES 2R S PPL < Rl
TR e, TEM L B RAI A EARREE,  JF 2T MR P aE Mt PPT 2% AR L 1 R
Jits R JE SRR AN AR I 25 5 R R Y A TE R AE P (K R4 LA L 230 A 0 R A R 3 A Al

3. 858

1) FEAT i

AW FUAE S0 AR A0 T SR B (0 T s ) e, D 0k Rl B SE R IR RAS B RS ARIB S
i AR A RS BIREAR, JRB NG S 2 4E B SE 6 b, AR UERIT 70 50080 1) S St oy 5 21
MR EErE. R4 FIRTTESHIFRE, X TCGA HE e rf 5 Fhyd 40 18 8 i 40 i s RAR B 1EAT R 4
i, FLHIBR S RAL G R E AR 179 ] RARRAL FA A SRR 34 ], RATAFREBEHHEHEAR
1365 (A0 1(a)fir). FEREIERE b, 3Dk F i B A 52 IR AR Bk 3 PR Rk B B Ak 4 i 98 28 %
PRIFEARGIE 1(0)FTR), TERBRALZRT <0 FIFEARSE, BAMEMNZLEELEE IR 1157
5], e rb G135 40 AR (LTHC) 353 il B s (STAD) 310 i, 4579 (COAD) 345 1 % JiE i (PAAD) 140
file TERL T TR IR - I PR OGRS .

2) HFEFE Cox 7T

KR R PR OB AT IRE , IRR S H bR 8 e B DG T R DG B R AR, R 4

Altered in 708 (51.87%) of 1365 samples.
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Altered in 551 (46.77%) of 1178 samples.
17

o
=
=

N
-
(<]

No. of samples

— O

s 1 -
- - -
| -~
CACNATE 6% _
SCN1A ‘ 4% -
SCN9A ‘ ‘ 4% _
e | | ~
SCN5A 4% -
GRIAT 4% -

TRPAT1 4% -
KCNT2 3% -

HCN1 ‘ 3% -

KCNB2 3% -

SCN2A 3% -

SCN3A ‘ ‘ 3% -

= Missense_Mutation ® Frame_Shift_Ins
= Nonsense_Mutation  In_Frame_Del

= Splice_Site Nonstop_Mutation
= Frame_Shift_Del ® Multi_Hit

(b)

Figure 1. Landscape of ion channel gene mutations with (a) and without (b) extreme TMB values

& 1. {REB#Ri% TMB {E(a)FERRRER TMB E(O)MNE FBERXERT L =E

FERFRIE M LD RENLRI T Fe i/ NI L BT o G T T A A R R R L, R S A
FERPR R AR 582 b BAT R MR VE ARSI, PRS0 I T R A 1 R A HERFAE 1%~2% 2 8] o fE UL
BLAih I, AWETORHT I ZR Cox P XU [ YA, 30F % 2 7 I 3 kPR R A K 55 f 3 Tl (SRR &
BEAT W10 0 (5 R AN P 2(a) BTy o ACHIE TT LA 3830 J DA R ASIR AR O AR R, DU T N A AR A 30
TERNAAZ S, X PE —JF R HAIR Cox LIS [BIA 34T, BLP < 0.05 AffiiEtritE, R&FRB[EL
T AE A B TS BRI T IEE LA 15 4, ik P HERRIm PRI AR R s, fiX 15 N5
AR FEAR RS 3 AR VR EESRA TMB (I RN Z IR Cox [IJARER . Z55R 0
K20, BUMEAERIEIRRAFALIE, X 15 & FliE R & P < 0.05 G202, H HR X
SE o NJEBHRAN DM IRAEAT FE R IRIE AR

FEELAER Cox [ MrAERS 1, AHEFUiE— 20K LASSO [ AR e 45 2 1) 15 Mk a1
RIENHAT R IE,  DARRAS R AL MR R AR e PRSI, R TS PR R A i . SR, il
T T R K R AR AR B B, HER R MAEAEIL R AR B, i A B [A) AN ] e S A7 A
—REJUAR, FE LASSO-Cox [BIARERLAE 11 ML IR A R RETRAT BAT WIS Tl 5 O (EL A R A . 2T
IR, RS AT AR 3R Cox 0] VA Gk H PRI JE R D BRI i, DLARAIERIT FE 45 10 1) vl S PR AT T Stttk

3) HRA M

BT AR FLA R, TR H b 7 A i e ik PR 5 A 3 PR BT SR S R 8 7T e A 6 36 SR ARHFALE
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Figure 2. Univariate analysis results (a) and multivariate analysis results (b)
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PR A IR AR R . AT 4 R R, B0 Al SR K 8 30 T8 2k PR g 3 22 [h) S LD S PR R SR AR 56
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I RMBIR L )

4) B

FRAE Cox RS LA (sl AL ARG B (K% 2R, ] GO ZhEe s £ M5 KEGG {5 5 Il = S0 Hr

Co—-mutation Matrix (Core Genes)

1 0 0 0 0 0 0 0 |KCNB2 35
0 1 1 0 0 0 0 0 |GRID2 30
25
0 0 0 1 0 0 1 0 |TRPC6
20
1 0 0 0 0 0 0 0 |ITPR2 15
0 0 0 0 0 0 0 0 |CNGA4 10
5
0 0 0 0 0 0 0 0 |CHRNB4
0
1 0 0 0 0 0 0 0 |ANO9
= 1 0 0 1 0 0 1 7 0 0 0 0 0 0 0 |GRIN2D
— 0 1 0 0 0 0 0 0 8 1 0 0 0 0 0 |KCNC3
L o 1 0 0 0 0 0 0 1 7 0 0 0 0 0 |GJAS
— 0 0 1 0 0 0 0 0 0 0 7 0 0 0 0 |CACNB1
— 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 |CNGB1
— 0 0 0 0 0 0 0 0 0 0 0 0 6 1 0 |MCOLN1
~ 0 0 1 0 0 0 0 0 0 0 0 0 1 3 0 |GABRP
Lo 0 0 0 0 0 0 0 0 0 0 0 0 0 4 |GJB7
X — o X e 0O
3 & 3 F 2 2 zZ % 3 & g 2 5 ¢ @
£ § 8 3 ¢ I @ Z 2 & 2 @ o @ 7
e} N es) N k E g I E E E Rv]
(a)

DOI: 10.12677/wjcr.2026.162016 150 SR k7T


https://doi.org/10.12677/wjcr.2026.162016

= ~
oo e R s, ST e
SR R mO a2 YRR O S 2R TR N P iug PN ST
PZTONZ2A 22222 NI I Z 2 2TF 2 S O0SZ 2 oy oS ae
e
OO IOTTEBOEIICTOCOEEIOTOCGOBOXEITIBEEGEIGS
A : =
*
- *
& %
i7/ofe

(@
XX
iggee
ZZ SN TN S
*
*

*

*

*
*
*

k%
N *
A 1 * *
e 2 ; %k % P <0.0¢
*
- . P<0.1
*
G *
J * %
*
& * 4
CA% 8
CHIRN
Ké j r >3 (Co—-occurence)
i -
r2
2 §
i E [
o) QI_ L 0
=]
: 8 .
1
.
- >3 (Mutually exclusive)

(b)
Figure 3. Co-mutation heatmap of 15 core genes (a) and co-mutation analysis heatmap of core genes and their gene families
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Figure 4. Results of GO functional enrichment analysis (a) and KEGG pathway enrichment analysis (b)
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