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Abstract

Gastric cancer is one of the most common malignancies worldwide. An in-depth study of the mo-
lecular pathogenesis of gastric cancer and related prognostic markers will help improve the qual-
ity of life and prognosis of patients with this disease. The purpose of this study was to identify and
verify key SNPs in genes with prognostic value for gastric cancer. SNP-related data from gastric
cancer patients were obtained from The Cancer Genome Atlas (TCGA) database, and the functions
and pathways of the mutated genes were analyzed using the Database for Annotation, Visualiza-
tion, and Integrated Discovery (DAVID) software. A protein-protein interaction (PPI) network was
constructed using the STRING database and visualized by Cytoscape software, and molecular com-
plex detection (MCODE) was used to screen the PPI network to extract important mutated genes.
Ten hub genes were identified using cytoHubba, and the expression levels and the prognostic val-
ue of the central genes were determined by UALCAN and Kaplan-Meier Plotter. Finally, quantita-
tive PCR was used to verify the expression of the hub genes in gastric cancer cells. From the data-
base, 945 genes with mutations in more than 25 samples were identified. CytoHubba identified six
key SNP-containing genes (TP53, HRAS, BRCA1, PIK3CA, AKT1, and SMARCA4), and their expres-
sion levels were closely related to the survival rate of gastric cancer patients. Our research pro-
vides an important bioinformatics foundation and related theoretical foundation for further ex-
ploring the molecular pathogenesis of gastric cancer and evaluating the prognosis of patients.
Further investigations of SNP-containing genes in gastric cancer may contribute to therapeutic
advances.
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B e BRSO WK R, R AR RAE T i3 K R B[] RAEIEAER BN
TRIT AN CAF B BV, H T s A R S BUZR KR SR TR, B ISE TR AR
R fEA—FEIRIPN, HRAERK R K — R, RWBENRMAA ., L2 M EYy:
AR HE A 22 A5 1 R 0 BB I AR E R R R (3] BT BRI AORRMIET R, e HIBEER 75
THLHIAIEALRFAE LUK ] B T2 W AN e B AR =2 Fa ot T B e B S AL AT RS VR 7 R R L

BT v SN MG B MR R R IR AR L 2> 7 AL 558 W] AT LS W A s
TV IR IR T AR EE Tk AH IR Z S TE(SNP) 2 M AL K AL W H IR S 1. A4
[FIPIRP A, FEDI 2L DNA 3 51 RO EL 1 M IR 2 R AR U, Sl N BB R AR At R4, AT
SEOZALA K BEH IR A LA 4] SNP I8 3 PN S B 5) A 2 57 (10388 % ZE Ak ANV 7E PO Jeeb e
PRED. B SNP S K 73 Arons T iE (1 - 2 W A AP AL BE R iR T AR EL 2L

SRR FE R 2 B (TCGA) B P vl T il B R R 2 0 A o O 1k — 354805 SNP IR [R5 15 J 1Y)
WG A O AT TCGA Budfi = T8 T B AR SNP #udis, JFEH 1 4EM1E B2
Bk, BIERA S, DhEeMgie s o, AR - EABHTAERPPHMZ 4. AT H K
FRERRE BRI WATUE S VIO SNP AT, I8 B f MRS G T 1R R A B LAY,

2. BRIFSE
2.1. BIELES S

TCGA H(f 35 CL 3% A% 258 3 7 1) 55 (K 41 3i0His 31 =2 °F 55 (https://gdc.cancer.gov/) [5]. BT TCGA HA K
SNP [ 46508 i AR AT, PIERATT T3 T CACEEM B % SNP AHCHHE AR 46 mRNA RIAHdE. M 413
MEAR(CEHE 32 DN IEFEFEAF 381 MEREFREA) A T mRNA HdE . A2 [ R 2 A3 B S A )
SNP 5 FH RT3 {FH edgeR AT T A mRNA JRIGEHE TS FbniE L, FEEAT 4T AR
ZEFRIBMWFE R R HFRIE KT . TCGA #24EH mRNA ik 2 2 FH ] F .

2.2. REERINEERMNIEREDH

91 T B I e S AR L R 5 | S B D) REREAS , FATIEH T DAVID (http:/www.DAVID.org) [6]504 7 K
HEAT BEIR AR P42 (GO) AR S B B K] 15 9 DR 4L 42 45 (KEGG) LR B 20 T o A A TP IBGRARAS T
DAVID "] H T-#fi5€ B¥r ¥ 4G . @it $ GO Wi KEGG &8, FFHHH P <0.05 7ERlEFHE,
AV 2 T RAFER 4> F I e (Molecular Function), 4:#7id #(Biological Process), 4 %43 (Cellular
Components) BT A R I8 2%

2.3. RTEFA PPI MEHHWEMBEERRIES

ERXTEH, I STRING #7061k A& SNP FEREAT PPI M4 4r#ir, A5 18
Cytoscape FJ Mk, LAEEEM T > 0.4 /ERBUEFRHE8]. Cytoscape T cytoHubba [9]H Tt A 12 Fi
WA BT IE R BT 30 NMERMAC S, AT ESYRII(MCODE) KA PPL W 4% (Fik,
TR HPRR B [A]

2.4. SRZEFEM Kaplan-Meier £ FRZ TG4 Pir S8 TFE

Kaplan-Meier Plotter (https:/kmplot.com/analysis/) ] DAMSE FH 2 R 2 A S04 VEAL FLIR ,  Tifides, B AN
B B B A AR 2R [10] TR R A HRFS) LS AE A HH(OS) i 7T N GEO (1 Affymetrix i[551).EGA
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ZRHE 25

A TCGA T#. Z TR EEH R T ZZ M AR S IEAE[11]. £/ Kaplan-Meier K%, &
ITVEAY T SNP SEARIE RIS B Jie i TS AU, JF iR R € T T IR TS A=A S (1 G L ]

2.5. iEiT UALCAN G uFsh X B F

UALCAN (http://ualcan.path.uab.edu/) 7] LAZE T 3 2 RNA 41 TCGA $38 FE i 31 Flvsshe 287 il
PRECHE AT hRAEAL M 12]0 ZEX T ST, i UALCAN B F SR 56 0F oMK 5 PR 78 1E 5 AR REREAS 2
BTk . RATIERE P<0.05, 5EZN >2 /E NI,

2.6. 1EBiT cBioPortal Sy iER F A F HiE

cBioPortal for Cancer Genomics (http://cbioportal.org) 3 fk T AT WAL FN 2341 22 2 g i 35k R 2 2 048 1
VR[13]. 7RI, FT DURPik e A0 B e 0 T A 845 F DNA $8 IR ARG, FRATTN b 3 IR g 3 [A]
HABBIAT T 4307
2.7. 4ApRIEFEFIEUE

AGS, HGC27 1 GES-1 #iiff 2 H # E R B an it 5B, HAEEH 10%06 4 M7 (FBS) ¥ RPMI-
1640 £ 37315 9% . FBS 1 RPMI-1640 I H Gibco (EE A1), KA E T 37 CHIEEF#F T, COME
N 5%. TP53 (#2527), BRCAI (#14823), PIK3CA (#4255), AKTI1 (#2938)F1 SMARCA4 (#49360) )41k
J&JF Cell Signaling Technology (35 B 5% i ZE N UL B ). 4% HRAS H4i44(abs137096)F1 B W1Zh & HHiT
4 (abs132001)3K H Absin (1 [E i) AHF 788 H I Z 505 L =5t/ B IgG-HRP (abs20001) A1 471
% IgG-HRP (abs20002), ## 4 M Absin 315 .

2.8. qPCR &N FIREE T34 K F

MR HIE P U B, {5 TRIzol i71(TaKaRa, A [EIL50) 41 H 72 & RNA, F£{#H PrimeScript
RT Master Mix i®7f)(TaKaRa, " [EJL50) 5N cDNA. 1§ ABI 7500HT Hi# S2hif PCR R 463 E N
FIAEJEI Applied Biosystems)#ET 92l & PCR (QRT-PCR), ZRJGHEATIEMERMLL 0 4. 158 F LA R 7E3F
242 95°C 5 3 Eh, ARG HEAT 40 MR, 23 HIHE 95°C 20 #0AI 60°C 30 Fh . FoA 18 2744 77 %:(LL GAPDH
B9 P9 % HE) SR 2 mRNA FRIA 1 FE AR R E0B . 513 1 Fis.

Table 1. Upstream and downstream sequences of key gene primers

F LKRBRERES YR LTS

Primer name Sense Antisense
TP53 GAGGTTGGCTCTGACTGTACC TCCGTCCCAGTAGATTACCAC
HRAS GACGTGCCTGTTGGACATC CTTCACCCGTTTGATCTGCTC
BRCALI GAAACCGTGCCAAAAGACTTC CCAAGGTTAGAGAGTTGGACAC
PIK3CA AGTAGGCAACCGTGAAGAAAAG GAGGTGAATTGAGGTCCCTAAGA
AKTI AGCGACGTGGCTATTGTGAAG GCCATCATTCTTGAGGAGGAAGT
SMARCA4 GAAACAAGACGACTTTGTGACCT CTTCACGGTTGCCTACTGGT
3. R

3.1. HIREAIES 5S4

i VarScan JiEM TCGA Hd B 1) 5 — AR 7 £ v B2 B B e A ot 1 26 B A4 4 B S AR 5 Hs A A
SNP %45, &8 T 945 NMEA SNP RABRIFERE . 7ERKT 50 MEAEHH 96 MER KA T RAE 1).
M TCGA $¥z 318 7 413 10 B B RRIE IR A, B 32 (B HAUREAR 381 M
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Figure 1. Waterfall plot of 10 genes mutated in more than 90 samples
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Figure 2. A volcanic map of differential gene expression
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3.2. REEEWIGEEEMEES

N T D B AR BRI B R I ThRE, FRATEEF T DAVID TEZFKAFXT 945 AN TABRR AT T
DhRe s T AIEER /. Thee s SR, AR FEAIT, SNP FARFEPR 32 B4 b 75 i Joi i
RGBT I R VA RRRG B, SR A AT e 2 To Bl AR F AL R Ak . AEAIRAR S S0, RAR B [N 3 22
SRR, A AR ANE FRT R T T aaE E St . 0 FOiReSrh, X SRR R B A
BT A, AN SRR o 45 By A P R TR ANIE TE TR VE (R 2). B ER E B TR T S AR RV 245
S @AY EAH SNP RN E A, BAEHERILE 3 WMIE(PIBK)/AKt (5 515 3L, M5E 54 FE
RAFRIR S H AR (cGMP)-PKG 15 516 S 424 3).

Table 2. Gene ontology analysis of 945 mutant genes in gastric cancer

2. BfET 945 MEENEMZ NS

Category Term Count P value
GOTERM_BP_DIRECT homophilic cell adhesion via plasma membrane adhesion molecules 54 1.13E-35
negative regulation of transcription from RNA polymerase II promoter 33 0.0075481
intracellular signal transduction 26 0.0033163
cell adhesion 23 2.98E-06
membrane depolarization during action potential 18 8.42E-15
axon guidance 17 1.11E-05
heart development 16 2.29E-04
cell migration 13 0.0085702
neuronal action potential 12 0.0337519
microtubule cytoskeleton organization 12 1.60E—09
GOTERM_MF_DIRET G0:0005509~calcium ion binding 99 3.414E-26
GO0:0005524~ATP binding 99 1.153E-06
GO:0008270~zinc ion binding 65 0.0263632
GO0:0003677~DNA binding 42 0.0361054
GO:0003682~chromatin binding 25 0.0180564
GO0:0044212~transcription regulatory region DNA binding 18 9.495E-06
GO0:0005096~GTPase activator activity 18 0.0093759
GO:0016887~ATPase activity 16 5.068E—05
G0:0004842~ubiquitin-protein transferase activity 15 0.0201426
G0:0004725~protein tyrosine phosphatase activity 14 9.479E-09
GOTERM_CC_DIRECT integral component of membrane 197 0.0385191
plasma membrane 133 2.329E-12
integral component of plasma membrane 54 0.0021151
proteinaceous extracellular matrix 32 6.187E-12
cell surface 32 0.0006393
focal adhesion 31 0.0002001
dendrite 22 8.302E-07
neuronal cell body 18 6.336E-05
voltage-gated potassium channel complex 15 6.437E-07
postsynaptic density 14 2.216E-07
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Figure 3. Pathways enrichment map of 945 mutant genes

3.945 MREEF B = KE

3.3. MERTERD PPI ML

NT PR RARFE R 2 A E R, FRATEH T STRING 75 2k B e k472 4 ix e L PR 2 [] (1)
HMIHAER . Cytoscape Bk Fl T AT WAL E 24 1) PP N %%, Z M 48 E13E 360 AN A1 1616 MAZE(E 4(a)).
MCODE Fi-T M PPI W48 5B BAb bR, (45 25 AN SR 245 MUZ (K 4(b)). ThEEA KEGG il 4% = 4k
SINTERIE,  EEAHR AR A AR 2 B R AR YA T A B . AR R AR AR, B A
fERE R REEY; T URENEEZAREORYS S, BT84 5MEREEE 4(c)). KEGG @ E
TR, HEE BRI LR FoxO 15 5B KA FUIR A &5 Sl (& 5).

3.4. XREANTENEFEL

{1 cytoHubba [ 12 FpEVEFRET 30 NIEFACEE, AN E T 10 AN EER : TPS3, EP300, AKT1,
HRAS, PTEN, PIK3CA, SMARCA4, CREBBP, BRCA1 1l ATM (F¥] 6(A)). 1#i il Metascape T. H R/ #1%
PRSI @B A e . FRATTILER B X B R £ 2 4ETE PID-PS3 FUiE, UMy, 15 4 xs
I N Al % (] 6(B), 14 6(C)). cBioPortal 1E 28T & H 4L T A HX I Rl is AL A8 = 11 B 0 i .
B, EEET, A 10 NOCHE SNP FERI IR Hm RA A, FEH AR EAE 8% % 45% 2 [A)(] 6(D)).
R T E BT I ) A R R 15 BT IR AR S PE,  FRAT1M8 A Kaplan-Meier 148 7041 1 1% Le 3L R 1) B AR S A7
WEE, RIL TP53, HRAS, BRCAl, PIK3CA, AKT1 Fl SMARCA4 Wik 5EM%(E 7). Hit, Xk
RERFER ATAE N B ) Pils Fe b -

3.5. j@id UALCAN I iFEE L3S K H

UALCAN & —Fi7EZ T H, HA TCGA 1l GTEx (AR, T I UEX I R E B H iR IE.
TEIXIURE LR, ARYE R F TCGA HE 21 RNA JP A5, Hoi 7 B A s A&l (i IEH 2184 6 A
R N(TP53, HRAS, BRCA1, PIK3CA, AKT1, SMARCA4){] mRNA Fik/KF. KIIXADIEELE 415 4
BIAL RS 34 N IEFE AL TR K P L mRIA(E 8). FATIES: P <0.05, 550810 > 2 /ENHRIME.
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Figure 8. Analysis of the expression of key mutated genes
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