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SLC7A11 £ H 27354 5 0 T BRAT B RS S JEBE 1T B R SRR 7L
EHEN L, A 5T, EOSUR, W T BIEM!
LSRRI | R 2 Bk F b 2 R ER R, A2k 014040)
WE BN HHERBAZE 7 A 11 (SLC741D 3R ZEMESIETTTEE (NCGO) K
Toi RS: A S Wl T TIRFF IR (HL pylor) JEGEIIARICHE. 5 9N 435 Bl NCGC B3 A1 479
fl B o I 3R A Ml xS R PR B 2 451 (PCR-RFLP) HEARX SLC7411
R AT A (rs7674870. 1511734488, rs12506138. rs10022036) #EATHEK 435, ity
B &AL DA S AR R R TR H. pylori &Y NCGC KA. 4% SNP 17674870,
rs11734488 1512506138 5 H. pylori &L TE % CHE (P>0.05) 5 1512506138 1] CT & [A Y
M CC BRSBTS TT BEEBALEIC T NCGC AWK | SLC7A1
rs7674870+ rs11734488. rs12506138 ] A-C-C Fl A-T-C H44H 5 NCGC K i KR FEAIK
HXK: A-T-T fl G-C-C HfAHE NCGC A WIS HEINAHIG . 858 SLC7411 1s7674870.
rs11734488 FH4E H. pylori JEGFN NCGC A 1) 8B AL 7 fi. SLC7AII 1s12506138 A {EH
NCGC WA I AL A, FIHSHT NCGC MR A RERE . B3R =AML 0k B B A B ) 23
5% NCGC I st 1% 5 Bk
REEW WA T RUA 11 PREIRZ AN AETHIT B TR B,
Y A
HE RS R34
MERIFERS A

Association study of SLC7A411 gene polymorphisms with helicobacter pylori infection and
non-cardia gastric cancer
Wang Linli!, Gao Fang?, Dong Wenjie!, Chu Ning', Jia Yanbin!
(!School of Basic Medicine and Forensic Medicine, *School of Medical Technology, Baotou
Medical College, Baotou 014040)

Abstract Objective To explore the correlation between the polymorphisms of the solute carrier
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family7 memberl1 (SLC7A411) gene and the risk of non-cardia gastric cancer (NCGC) as well as
the infection of Helicobacter pylori (H.pylori). Methods A total of 435 patients with NCGC and
479 healthy individuals undergoing physical examinations were included. The polymorphisms of
the SLC7A11 gene (rs7674870, rs11734488, rs12506138, rs10022036) were genotyped using the
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. The
influence of each locus on H. pylori infection and the occurrence of NCGC was analyzed. Results
No significant associations were found between SNP rs7674870, rs11734488, and rs12506138 and
H. pylori infection (P>0.05). The CT genotype and CC genotype of rs12506138, when in a
codominant model, reduced the risk of developing NCGC compared to the TT genotype; the
A-C-C and A-T-C haplotypes constructed by SLC7411 1s7674870, rs11734488, rs12506138 were
associated with a reduced risk of NCGC; the A-T-T and G-C-C haplotypes were associated with
an increased risk of NCGC. Conclusion SLC7A411 rs7674870 and rs11734488 are not pivotal
genetic loci for H. pylori infection and the pathogenesis of NCGC. SLC7411 rs12506138 acts as a
protective genetic locus for NCGC and antagonizes its oncogenic progression. The haplotype
composed of the above three loci participates in regulating the overall genetic susceptibility to
NCGC.

Key words solute carrier family 7 member 11; single nucleotide polymorphism; non-cardia
gastric cancer; Helicobacter pylori; haplotypes; ferroptosis
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R d i LR R 2 —, P IEBETH % (non-cardia gastric cancer, NCGC)
B A 70%~80%, FH R 18 1 90 A U ROECE UIAE OCM . BRAE TR B iR
AL SRR R SE T 77 A, @ AR P AR BRI R G, anas e IR A
VIl 41 PR K05 T 0 1168 R B B H K (glutathione peroxidase 4/solute carrier family
7 member 11/reduced glutathione, GPX4/SLC7A11/GSH) #hJ4iE ST, £ B RE
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SLCTAIL J2 Bt 2 /4 S I I 1) i 18 A I AR N 5, R I 400 M A/ Fo 2 I S TS 4 il 9 2
FIRD, RPUE RGN EEA RSy . KD WA A GSH M4 . GSH 2HLiA
REER PR Z —, B ERIE AL R R IE RS . ITFRAT AR, SLCTALL
TEZ PRI vh S 0K, Rk GSH A AUt s ied 240 Mo i B S8 A0 RE 77, e ik 440 M ) 2k
HETZ I 51 RS MR IR R A SR T, SLC7A 11 B H A% 1 IR 22 45 1% (single nucleotide polymorphism,
SNP) 2 NCGC Ao MK B AR WARTE , P ASHIE 78 2 T 49 -0 B i, R
SLC7A11 E[¥) SNP 51 1824T % (Helicobacter pylori, H. pylori) &4 X K& NCGC &I K
Rrff)REE, S NCGC I3t 5 ML AR LR R 2R
1 PR i
L1 RN &

IR R EBCEREA . B4 2015—2024 4F 8] 68 3k 1 I Rg 122 e 612 10 SR 1k
NCGC i, 3435 41, HA Bk 326 1, ik 109 Bl FEAE 25~89 B2 (8], HARAK
SHAYT B IR YT o o B L Ay (] e 18] 40, 3k 25 5 58 — Wi IR 2 2 58— B J o 2 o A R A A
NEE, 3479 ], Horh Tk 335 ], Lotk 144 . BT SRS O IR st . I ST AL
RGO SR s, HASMBIAAEER (25 %) o YER_EVCE . BT BT 706 G35 R U5,
HAE TR FES, PREEKEY B oot Gt AR H[2024]8 5) .
1.2 LW 5V
1.2.1 H. pylori ¥l

AHFFERA C JREMF RGN A BT TIRFT R 1gG PiAA ELISA B & AE IR 0 IR s
W H. pylori 1%, 'C JREWF TG &M BRI i3 BAE R BR AR, ELISA iR
TG ] SR TS AR A BRA ], BT B A 2 5 SR i 350 7™ A 4 ) 6 00 B 3 204 T
A FEAG I 25 5 A BE ek 24 ) SR B P R AR,

1.2.2  SNP fiiik

7£ NCBI #4fi % (https://www.ncbi.nlm.nih.gov/) IEHUH 2 LA R AN S O [T 5
PAFEX . SUTR X\ 3PUTR X, 3FEX . 4R X R IROE i e 5500 KBk @ &
ANEERTFERIA (minor allele frequency, MAF) =0.05. k435 SNP £ 14 rs7674870.

rs11734488. rs12506138. rs10022036, iX&E SNP fE SLC7411 R F A E K 1.



B 1 & SNP 7E SLC7A11 EFEF AL E

Fig.1 The position of each SNP in SLC7A11 gene

1.2.3 FE [ 73 Y

PEEU FEREA I A 3L N 41 DNA J&, B 2G7E Primer 3 7ELRHCIE Li%iH51 409 4% H A% DNA
B A PCR Y (PCR RNZEAFY: 94 °CTIAETE 5 min; 94°CHZYE 30 s, fEAL AR
KUREIRK 30's, 72 °CIEAH 50 s, FLPEIR 29 ¥k: dRJa 72 °CIEAH 5 min) J5, 15351
PCR P24, FIAR RO BR 0 o DR A6 =4 1 he BEVISERE, BHE =il 295 i fil i
JE LUK TR UG O, AT BN 22 S A e R A . %% SNP A 1 2 PR 4 71
MEBLILEE 1, PCR SN ALK B LI 2, A7) e o vk L AL IE) 3

R 1 & SNP AR R 2 BMES
Tab.1 The overview of genotyping at each SNP locus

SNP Primer sequence (5-3)  Annealing PCR Restriction ~ Digestion  Length of
temperature (°C) length enzyme temperature  fragment after
(bp) (°O) digestion (bp)
F:CAGGACCTCGAAT 59 291 Hpy188I 37 AA:110/181
GGAACA AG:110/181/291
rs7674870
R:TCTTGATTTGCAG

ATGAATATACTG




rs11734488

rs12506138

rs10022036

F:TCATGGCAAAATT 60 213 Smll 55 TT:82/131

TCTTAACATT CT:82/131/213
R:TCCATGATCTCAA

TTGACTACACTT

F:TCTCTAGGGTAGA 58 245 Tsp451 65 CC:84/161
ATGTTTACAGGAG CT:84/161/245
R:TCAGTCATGTGGT

TGTGCTG

F:GGTGGTTTTGATT 59 250 Tsp451 65 AA:96/154
TGCATTTCT AT:96/154/250
R:ACTGTTAACAAA

CAGACAACCTACA

&2 SLC7A11 2 SNP rs7674870. rs11734488. rs12506138 PCR =4 Eayk &
Fig.2 Electrophoresis gel images of PCR products of SLC7411 gene SNP rs7674870,

rs11734488, and rs12506138

A: Electrophoresis gel image of PCR products of SNP rs7674870; B: Electrophoresis gel image of
PCR products of rs11734488; C: Electrophoresis gel image of PCR products of rs12506138; M:
50 bp Ladder; A1-6: PCR product of SNP rs7674870; B1-6: PCR product of SNP rs11734488;
C1-6: PCR product of SNP rs12506138; A7, B7 and C7: Negative control.

B3 SLC7411 ZF SNP rs7674870. rs11734488. rs12506138 B ==4) f.ik &



Fig.3 Electrophoresis gel images of digestion products of SLC7A411 gene SNPs rs7674870,
rs11734488, and rs12506138
A: Electrophoresis gel image of digestion products of SNPs rs7674870; B: Electrophoresis gel
image of digestion products of SNPs rs11734488; C: Electrophoresis gel image of digestion
products of SNPs rs12506138; M: 50 bp Ladder; Al: PCR product of SNP rs7674870; A2-3, 4-5,
6-7: SNP 157674870 TT, AA, AT genotypes; B1: PCR product of SNP rs11734488; B2-3, 4-5, 6-7:
SNP rs11734488 CC, TT, CT genotypes; C1-2, 3-4, 5-6: SNP rs12506138 TT, CC, CT genotypes;

C7: PCR product of SNP rs12506138.

1.3 vt A

E SPSS 27.0 B H 18 FH - 7 656 EL 50095 491 41455 %k R AL 4k 31 A 225 7 5 LK) 366 PR 7R 4
A E4T Hardy Weinberg “FATR40 ;A3 IS REA ¢ 4050 L BRG] ALAD 0 AL AR e 22 5, T
BAES M Logistic [A1VA1EA4 55 SNP 5 H. pylori &Y LA NCGC KIk A (Bt s HE R
MhfZ EHEN Cakaike information criterion, AIC) LA ULM-H#{5 B #EN (bayesian information
criterion, BIC) , DAR/IMEEARAEBERIAL . Fl SHEsis SR GRS, RIS i i
PR ZIRAE, ST% BART 5 H. pylori B A N2 NCGC 495 KUK O ST o
2 R
2.1 SNP 5 H. pylori YR I R
2.1.1 1B IR — AR

477 BIIEE TR, 184 B4 H. pylori BAYELL (H1E 123 1, &tk 61 B, ~FIFEEN
64.34£8.91 %), 293 A H. pylori FVELL CHAE 210 61, Lot 83 6, “FEIER N 61.52+11.67
%), BHEEA SIS M (F=1.248, P=0.264) . 5504 (=2.808, P=0.052) 1
T 5t o
2.1.2 SLC7A11 % SNP 5 H. pylori &I R R

157674870+ 1511734488, rs12506138 £ H. pylori YA TEL i FE K RS> 4 75 & Hardy
Weinberg “F#7. rs7674870. rs11734488. rs12506138 5 H. pylori LR TG 3% S5k (1
P>0.05) , W3 2. BT 1s10022036 7E EH X R T A AR Dy 0, HANAES W 5120 Hi 3
501, DRIGAE G S o B b 248 1AL A

%2 & SNP 5 H. pylori YR K (I RBE AT



Tab.2 Association analysis between each SNP and the risk of H. pylori infection

SNP Genetic model  Genotype H. pylort™ H. Pylorit OR (95%CI) AIC BIC
n (%) n (%) value
rs7674870 Codominant AA 122 (41.7) 78 (42.4) 1 638.06 654.75
AG 131 (44.8) 85(46.2) 1.00(0.671-1.488) 0.998
GG 40 (13.5) 21 (11.4) 0.79 (0.430-1.450) 0.446
Dominant AA 122 (41.7) 78 (42.4) 1 638.30 654.99
AGtGG 171 (58.3) 106 (57.6) 0.95(0.651-1.387) 0.792
Recessive AA+AG 253 (86.5) 163 (88.6) 1 637.67 654.36
GG 40 (13.5) 21(11.4) 0.79 (0.446-1.397) 0.417
Overdominant AA+GG 162 (55.2) 99 (53.8) 1 638.19 654.88
AG 131 (44.8) 85(46.2) 1.06(0.726-1.533) 0.777
rs11734488  Codominant TT 214 (73.1) 143 (77.7) 1 638.21 654.89
CT 71 (24.2) 32(17.4) 0.71 (0.440-1.132) 0.148
CcC 8(2.7) 9(4.9) 1.71 (0.633-4.596) 0.291
Dominant TT 214 (73.1) 143(77.7) 1 637.42 654.10
CT+CC 79(269) 41(22.3) 0.81(0.521-1.251) 0.338
Recessive TT+CT 285(97.3) 175(95.1) 1 636.85 653.54
cc 8(2.7) 9(4.9) 1.84 (0.687-4.942) 0.225
Overdominant TT+CC 222 (75.8) 152 (82.6) 1 635.85 652.54
CT 71 (242) 32(17.4) 0.69 (0.430-1.101) 0.119
rs12506138  Codominant TT 95(324) 57(1.0) 1 638.15 654.84
CT 150 (51.2) 94 (51.1) 1.07 (0.699-1.625) 0.768
cC 48 (16.4) 33(17.9) 1.12(0.642-1.968) 0.682
Dominant TT 95(32.4) 57(31.0) 1 638.19 654.88
CT+CC 198 (67.6) 137(69) 1.08(0.724-1.612) 0.706
Recessive TT+CT 245 (83.6) 151 (82.1) 1 638.23 654.92
CC 48 (16.4) 33 (17.9) 1.08 (0.658-1.778) 0.758
Overdominant ~ TT+CC 143 (48.8) 90 (48.9) 1 638.32 655.00
CT 150 (51.2) 94 (51.1) 1.02(0.704-1.489) 0.902

2.1.3 SLC7411 AR H. pylori B R R

1s7674870.1s11734488.1512506138 FLAZE H 6 Fh BART (HR /N T 0.03 ANiEAGLiH):



A-C-C. A-C-T. A-T-C. A-T-T. G-T-C. G-T-T. &M B85 H pylori 5 BYEARHIE

(P>0.05)

, W 3.

23 BMARE H pylori BRERRLER n (%)

Tab.3 The relationships between haplotypes and the risk of H. pylori infection 1 (%)

Haplotype H. pylori* H. pylori OR (95% CI) P value
A-C-C 19.52 (5.3) 30.49 (5.2) 1.00 (0.556-1.790) 0.994
A-C-T 19.50 (5.3) 26.92 (4.6) 1.14 (0.625-2.068) 0.675
A-T-C 80.45 (21.9) 130.07 (22.2) 0.95 (0.695-1.308) 0.768
A-T-T 121.53 (33.0) 187.53 (32.0) 1.02 (0.767-1.344) 0.916
G-T-C 54.17 (14.7) 72.68 (12.4) 1.19 (0.814-1.741) 0.368
G-T-T 61.85 (16.8) 108.72 (18.6) 0.86 (0.611-1.218) 0.402

2.2 SNP 5 NCGC KE XK= &R

2.2.1 95 IR — M A A b AR
1E 914 IR FERE AR, 435 51128 NCGC Jfi] (54 326 41, 2o 109 6, ~FIa

61.84+10.61 %) , 479 I GIEE SR (5 355 1, otk 144 ], ~FINER N 62.74410.94

), B SRR A (P=2.853, P=0.091) . PRI 4 (=1.254, P=0.210) ¥

Tt

2.2.2 SLC7AI1 %% SNP 5 NCGC &5 A i) 2% &R

157674870 1511734488, rs12506138 7 IF 5 X B4 (1) B R 2L 43 A 7 & Hardy Weinberg

Vit SLC7A11 1512506138 fEFL . Bk, FRVEMRAI N5 NCGC #HHE, KRTEIL 2

R AIC A1 BIC B /), Al B A BHE A . CT A1 CC 2RI BUAR LT

TT REH AL T NCGC K XK. SLC7A11 157674870 rs11734488 5 NCGC & ¥ A& TG

MM (P>0.05) , W 4.

F 4 % SNP 5 NCGC KA MKERHT 17 (%)

Tab.4 Association analysis between each SNP and the risk of NCGC n (%)

SNP

Genetic model

Genotype

Control

group

Case group

OR (95% CI) P value

AIC

BIC




rs7674870 Codominant

Dominant

Recessive

Overdominant

rs11734488  Codominant

Dominant

Recessive

Overdominant

rs12506138 Codominant

Dominant

Recessive

Overdominant

AA
AG
GG
AA
AG+GG
AA+AG
GG
AA+GG
AG
TT
CT
CcC
TT
CT+CC
TT+CT
CcC
TT+CC
CT
TT
CT
CC
TT
CT+CC
TT+CT
CC
TT+CC
CT

201 (41.9)
217 (45.3)
61 (12.7)
201 (41.9)
278 (58.0)
418 (87.2)
61 (12.7)
262 (54.6)
217 (45.3)
359 (74.9)
103 (21.5)
17 (3.5)
359 (74.9)
120 (25.0)
462 (96.4)
17 (3.5)
372 (78.4)
103 (21.5)
152 31.7)
246 (51.4)
81 (16.9)
152 (31.7)
327 (68.3)
398 (83.1)
81 (16.9)
233 (48.6)
246 (51.4)

182 (41.8)
193 (44.3)
60 (13.8)
182 (41.8)
253 (58.1)
375 (86.1)
60 (13.8)
242 (55.6)
193 (44.3)
335 (77.0)
84 (19.3)
16 (3.7)
335 (77.0)
100 (23.0)
419 (96.3)
16 (3.7)
351 (80.7)
84 (19.3)
174 (40.0)
210 (48.3)
51 (11.7)
174 (40.0)
261 (60.0)
384 (98.3)
51 (11.7)
225 (51.7)
210 (48.3)

1

0.98 (0.743-1.300)

1.08 (0.717-1.629)
1

1.00 (0.771-1.308)
1

1.09 (0.743-1.601)
1

0.96 (0.742-1.253)
1

0.85 (0.610-1.173)

0.98 (0.487-1.979)
1

0.87 (0.637-1.176)
1

1.02 (0.506-2.044)
1

0.85 (0.612-1.172)
1

0.75 (0.563-0.998)

0.54 (0.359-0.822)
1

0.70 (0.532-0.917)
1

0.64 (0.439-0.939)
1

0.89 (0.687-1.156)

0.902
0.709

0.975

0.656

0.786

0.316
0.957

0.355

0.962

0.316

0.048
0.004

0.010

0.022

0.386

1268.40

1268.46

1268.26

1268.39

1267.91

1267.60

1268.46

1267.45

1259.23

1261.77

1263.13

1267.71

1 287.67

1287.73

1287.53

1 287.66

1287.18

1 286.87

1287.73

1286.73

1278.50

1281.04

1282.40

1286.98

2.2.3 SLC7A411 HARRIE NCGC A& A 1% &

SLC7A411 rs7674870. rs11734488. 1s12506138 =AM i dLfy i 7 fhep iRy (B /N T

0.03 ANt AL : A-C-C. A-C-T. A-T-C. A-T-T. G-C-C. G-T-C. G-T-T. L\ SHEsis #

PRERIA R B WA RO Z IR, b A-C-C BRI A-T-C SR 5 NCGC A& KU I



IR A-T-T HARRFN G-C-C AR5 NCGC K RS A< . WK 5.

x5 BAERE NCGC RFERIFRER n (%)
Tab.S The relationships between haplotypes and the risk of NCGC 7 (%)

Haplotype Case group Control group OR (95% CI) P value
A-C-C 19.76 (2.3) 50.83 (5.3) 0.42 (0.246-0.707) <0.001
A-C-T 42.99 (4.9) 46.17 (1.8) 1.03 (0.674-1.581) 0.883
A-T-C 157.98 (18.2) 211.39( 22.1) 0.79 (0.625-0.992) 0.043
A-T-T 336.27 (38.7) 310.62 (32.4) 1.33 (1.096-1.614) 0.004
G-C-C 28.47 (3.3) 17.67 (1.8) 1.81 (0.993-3.303) 0.050
G-T-C 105.79 (12.2) 128.11 (13.4) 0.90 (0.684-1.189) 0.463
G-T-T 153.95 (17.7) 170.88 (17.8) 1.00 (0.783-1.268) 0.979

3 it

WRAE BTG 8, 2024 [ EZAH 26 HEEIET BiE, ORTME. s, dT
H AT R 1 30 BREAE TR 5 R R I REAT T TR YT, S0 38 (0 TR AR AR SR N B
LI 82%~95% T K 21 B e I AN A2 30%1%.

WRIRMRE 025, BT N0 AT NCGC. H AT, NCGC & B REBiZ A% 0 £k,
HEFIIBRARRER, HERYS H pylori BYe. & RE Sl FI0GK B 20 ¢,
TR 1] 0 0 S XU A B S i RSS2 AL AR AN ]« NCGC ) 5 1
R B IERr S H B G SR VIR A A, 0 2 W A RS HEE T R SUE AN 2
BB, $RE NCGC 38 K F I ke th 238 T DR Hb 3R =y B ARG i . FRIRAE T3
I, ik — Lo B8 HI T NCGC #8748 5y N R A5 (138 b S R AR L 2201

H. pylori /& NCGC RIFRHILEEIN T, £ 90%H) NCGC 5 H. pylori ARG, JERGHE )
B XU AR e 1) 3~12 {500, (BRI H. pylori JE RFI ML R RA—FE, 29 80%K)
B BAYRAER, (B LBE B RE R AR R LR ROE . RIE N 15 S A MRS s
LA DNA Hiffi, FECRFRRIE T E % B4 E & AL FRHA: .
P AR N AR I R AN R B BUO), BRORAMA 8 A B R TE B e A I AR R B T — e R .

SLCTALL fr T4 I, Mt/ A AR ik System Xc % O EE, A DL
¥ GSH /KF, #Eifiszmigiekst -, SLC7411 @it 4EF GSH A M gkstr:, ikt
TOE MR R A B s U2 R B T B R AR R R . AR H TR T

it

\5



SLC7A411 ) SNP 5 H. pylori J&4e Jx NCGC &I AU IR SR IBE M 30 A WL IE o PR A 5 7E
SLPUBR NBEFR RIS SLC7411 3K 2 /M5 H. pylori J& St NCGC K KUK i Bk o

ARG R TR, SNPrs7674870. 1511734488 Fl 1512506138 5 H. pylori YT i 2% 5%
B (P>0.05) o SLC7A111s12506138 TEILEAE, B, FRMERA T 5 NCGC AHRHL, H
L R A R AR . TESLEAPERUNR, CC A1 CT B LT TT JEp A4 2 2%
BEAIE T NCGC AR AU o

NCBI W5 275 rs12506138 AT SLC7A11 1) 5' EJiF X 38, $27R rs12506138 AJ fgidid 5%
Ml SLC7AII HY¥e s AR NCGC A XUz o SRTITX — SNP A el sz mi e s i 4% DL &
NCGC Ko A IR 56 F B A 15 S0 3E — I

157674870+ 1511734488 5 H. pylori J&YFI NCGC RIRIITREL, $nHAE B
HARFEZENE . 1s12506138 5 H. pylori JEEHBTCRE, A5 NCGC KitHxK, ] fe
£ NCGC 2 Ja R AAE -
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PEIRIX = SNP 4 ) B AR B BT BB 7E NCGC R e 31— & (e A

ARSI IAAFLE R R, B e TR A R B A — X ABE, HRFEAR R, 545k
LAESE 2 (M X KA AT AT T, PARIAIZX LS SNP 5 H. pylori AT NCGC K A
RrfAH RN, NCGC 5B N BE 1 i A S (ks g Bt
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