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Abstract

Background: Gastric cancer is one of the most common malignant tumors worldwide. In recent
years, studies have shown that bile reflux can continuously stimulate the gastric mucosa and induce
chronic inflammation, thereby promoting intestinal metaplasia and even cancerousness. Inflamma-
tory factors, especially the interleukin-1 (IL-1) family, play an important role in gastric cancer de-
velopment, and regional variants in the IL1 gene have been confirmed to be associated with gastric
cancer susceptibility. At the same time, the retinol metabolism pathway, as an important compo-
nent of vitamin A signaling, plays a key role in tumor cell differentiation, stem maintenance and
proliferation regulation. Methods: Based on the TCGA database, patients with gastric cancer with a
history of reflux were screened and differentially analyzed, and a prognostic model was constructed
and molecular typing was carried out. Further combined with functional enrichment, protein inter-
action network and correlation analysis, key genes and potential molecular mechanisms were iden-
tified, and IL-1a neutralizing antibody was used in AGS cells for in vitro verification. Results: Reflux-
related prognostic genes were screened and a risk model was constructed, and the patients were
successfully divided into different molecular subtypes, among which the unfavorable prognostic
subtypes were significantly enriched in the retinol metabolism pathway. IL1A was significantly up-
regulated in patients with a history of reflux and high-risk subtypes, and was positively correlated
with retinol metabolic activity. Inmunofluorescence assays showed that the expression of ALDH1A3,
CRABP2, RDH10 and CYP26B1 decreased significantly after blocking IL-1a, suggesting that IL1A
may be involved in the regulation of retinol metabolism.
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1. 518

B AR R R AEAH SRS T G B LL], MR R R R 18R E R - 46 - i - A -
JEAR” HOHEREA[1]. BREa T TRRFT R GLAh, IR SRR 5 — B SRR R, AR 15 R
H s IR RE V2] [3]. WHFTSE R, MHA BRI MAPK &85 il it b il R Rk, (et B
TR A 4]

FAEPAIABEAE B R A P B0 E . IL-1 S5 (R R A 7, LRI 22 A5 1 D sE
55 B e WS 3 VIR R [5] [6], JUHAZ LA JE R X 3828 5 5 i R 16 8 2 SRR EAF A 2 25 SRR [ 7] Bl JOE
155 A RE A A S TR Tl 5 P e e A ) B AR 4

ST, MR AR B R (retinoic acid, RA)IEIT 25 & 4% 52 A A #4040 AL A &
PRIE[8]. RAE SR HEHINNS 5 L MR K A A K e, HARTHE T S 40 FA PRI e 7R B et o
TR TC[8]. AR B, A AL B T BT n I A ) (2 E R T O R T AR R [9] - SRS,
RA ERESNH 248 Wt f5 5 FF(2E 7040, Mmoo T PE4ERF[10].

FORER 2 TEHR 3R, WL BB U OCHERE (1 ALDH SXji) -5 s 40 i DA DG, RA SR IANATT #IA N
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R JER

F]REE I ] ALDH & PSR SO TR [11] [12]. [, RAJEESZALIG W] feidt 157 - R Ah & i i
HE[13].

S JE G AR I BRI E RS 2, H SR 50 RO e 75 i R AR % fie
BESR L ATk = R I FET 0, AHETOR A TCGA Bt e i 146 S A S UG B B, Ay i XU A 7Y
FEHEAT 2070, R ARDY ILLIA SRS IR [0 (B fEIR 2R, JFIE R A SR HEAT B0E, DU S
2R B R AR 0 7 WL K ia T #E

2. 5 HZE
2.1 BIRKIRS AL

AR T A 1) 1 e SR 2E A Bkt BN R BRI SRJR T The Cancer Genome Atlas (TCGA) 4 f# .
IYNFRIE L HE AT 525 RNA M P50 . AEA7RE U (5 8 R it st s i B B s X I PR Wk 2k Bl
PRAEAFIT A 2 30 RIGFEAR T AGIER, LA AR AR DGR T X i &5 R T . AR RAH B g — %
A TPM (Transcripts Per Million)#% 3%, 37347 1og2(TPM + D)ArvEALALTR, MG FRARAS [ RE AT 7 0
ZE AR RGBT R IA R S 06 R AE BT UL 3 A, W S 4L M BT 7 B 7T A

22. ERFTEERAIE

N I S S A S S SR LB AR, SR R B R 1) DESeq2 B i St 578 it S e B AT
FEFRILINT . SITIEEET WU AR AL, AT RO IR R AR B B IR m A R . 2 Rk
K] {7 34 A % 2 |log2FoldChange| > 1 HAZIEJ5 P {f(adjusted P value) < 0.05. §ifiidk4h SLidit kil E it
ATRATARA, DLW 5 R R O 3 IR A AT R AT

2.3. MEHXERLESZEME

VAR R R IE 5 B H AL R Z AR R, R BRI 2 Cox Hofol XU [E] =AY 43 #7 B 25k DR %
R2E 77 (overall survival, OS)H5U, Fifidk P < 0.05 FIFERI M R Tl 5 M S e JE IR o B i b ik 263 [H 5
TR ZE R RIAENECZHE, NMRBEES 5 RTS8 L EA WG & BN, NE SR
R AB TR A4 FE L S At

T i R 5 A 3

NSRRI TIUS TN T, AHIF AR FH B /NI 5 15 57 T (Least Absolute Shrinkage and Se-
lection Operator, LASSO) Cox [l =15 84 X fig 10t B PR E AT B 4k 7 M . 107 2s@ i 5] N A& ST S HUR 4 43 1]
HAKEE, M 2 BB AT A . BT 10 3738 WIRIEfE IR BT S50 1, mkik
¥ Amin = 0.0332 PR REGHEAY, FFHRAT 18 ANIER ARSI AL A o ARHE 2535 (4[] 5 SR 305 B KF
LA E 3 (RiskScore), I DA #A 7o  4 Ais RUIR ALRVR KR AL, IR 942 50T

ARG (PPl 5 0 S7 TS 43 #r

K H Kaplan-Meier J7ik2a$il A7 #h2k, @1 log-rank #56 E AN [F] XU 2H 2 [ F AR AT 22 5o RIS
FIFH timeROC 4022 il () ik 32 1% TAERHE(ROC) M4k, DASEALBIRLNS 1 4E, 3 4F & 5 4EAEAF T
MEEST . Fyik— DI KRR OSSR 3R, ARG VR 3 540« M3 B e o A S 1 R A
NI R Z R F Cox [BIESHTH, WIS IE 7 VR A% R 22 R 5

2.4, J&ERESRME
T L HZE Cox 31U J7 0675 31 (M7 T 16 b F 2 1028 P&l (nomogram),  Fi T~ B A T B8 90 £ ANk
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PAAFRERE . BRL T E e i — BOPE R H(C-index) BEAT PPAL, I el A o oy 28 LU Tl A A7 e 5 S B
WEREE T T — B, AT S0 A 2R F w4 51 P 2 FH 7 )

25 —HMRAESTFHE

PRI R A5 A B PRI 7E 1B e 0 7+ e i, K ConsensusClusterPlus R LA o i B — Bk 52k
ST JEIE 2 IRE SRR T SR REAR ] — B, S S R A1 A (CDF) i 28 & Delta area Z& 4k 3 i 5
FERIH TR BHC 4 BHRBA TR E M A, DRIk S5 Rl 49 R DO A 23 SR i s R FH =6 143 43 1T (PCA)
Xf o B AT B 450 0IE,  DAVP Al & I AHAE G S 2 2 T 4 S PR P

2.6. THEEEE DHh

Rt 0 [ WA R S A1 (P e A= AL, RA clusterProfiler R G 2% 5 22 Kl 1T Gene Ontology
(GO) & Kyoto Encyclopedia of Genes and Genomes (KEGG)if % & 43 #T1. GO /i £ B i AV FE. 43
FUIRe A2 5y = AN 2T, 11 KEGG 430 # H T 1500 2 3 % 115 5@k . URIESS P <0.05 fE A%
TR bRUE, R ES Rk AT AT A SRR
2.7. EHEEMESHEHXMES

NIRBISCE S 7, K HUGHAIE N S N STRING s FE & (1 - & A HAF (protein-protein in-
teraction, PPI) %%, I3 -5 fO& 3 BE VP AL FE R 7E M 28 Hh g otk o B S SR F) Spearman AH S 23T Al
IL1IA FRiE S s i AUhE S TE I OC R, DURER SUE(E 5 5 SR 2 M IS EER R .

28 ETUABERHERSORE ST

e UL T A it B A% O 2 R M el R DAL SR 0P, R ARTE PE 0 P AAEDRE J8 5 R 20 e U 41 54
KA. R Kaplan-Meier 75751l A R RS AL RO ZE A7 22 57, FRRIHTI () ROC i 4270 B iz 2k R 4k
Xof B TG RIFRINEE 77, AT SRR 12 A8 B 7E B 8 BRI R R 3

2.9. YfEIEFES IL-1a PEETSELE

N BIEA 2 AGS W H IEM4I R IR, 782 10%5 4 5 1Y RPMI-1640 }:3:3td, T 37°C. 5%
COMHEIE TR NET IR NI IL-Lo ST BEBEACI 1 41ER , KA IL-1a HAI$HTIA Bermekimab X 41
JOBEAT AL, XFRRALLE TEERRN B R . AR — s I 1] 5 WA AN B T 5 82 e % 2% e il

2.10. RABETRE

AL S AGS il e T 4% 2 HH IS, bEHTEN S E AL, Ffa5m A ALDH1AS,
CRABP2. RDH10 X CYP26B1 —#ii & I . I HINNRKIchnic —Pt, A DAPI ooz, m&
TEDIG B N RERUG I LU S B AR AR AT 5 IR IEZA,  CAVPAS IL-La FEIBT R 25 BEA 10 2% )
R
2.11. IaREEARIKENS 554R

AW R ZERK 25 W B EE AT TR VIR LW 2 10 S e B R FEA, %R AR AT
s K AR A0 o BAEAE IR AH S B AR 53 4, F4L% 6 4il(6ve). AN EE LA
e B R BR SmEL WiE S, RERIE 2 VIR 5 o BRFE IACHE,  Hodh T 41 4k
SEHIHEZE 10% AR R B AR S A AL, A R AL ZIE T RNA il 254 3R v R 1 I
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RA7T-80°CH T 542 RNA #2815 RT-qgPCR &l . AHF FLBAE /R 2 L B 5 5 3015 2 Bi Ao B 2% 5
2= Hifib(LLSC20200503), TG Z ik & P& & mit A & 4.

2.12. REELRHZ(HCO)RESTES

FEAIRALY) A (2 4 nm)Z& FEZRBUE . B QR K G EHMT RS R, G R 3%t AL A E
VA PR P SE A A 1, T R S AR AR R e A . VIR AN — PR E (A CIE ), A7
B ARG IL-1a (ILLA) AL S BEAR A0 S 2 1 ALDH1A3. CRABP2. RDH10. CYP26B1, X HINA
HRP b3iC P B Ja 61 DAB Sff, J5AKS & U4 Mot i K Fr o Jetash Bl i 42 3 0 415 BE v
(VRN ST VEAS, SR e 57 VRN e i 5 P VR AN M LU B AT 255 VP9, T 5 R4 ) ot
ST I WSS T 2 R ROR, WL RS IE R —S, IHC 4R UAREEEG R .

2.13. RNA 1215 RT-qPCR #&

£ H TRIzol 2 8055 24 m b iR P2 B RNA, i 7 6 e B vl RNA IR 5 4l 55 (A260/A280)
DAV R . B G R % AR o 55 & RNA 5% ¢cDNA, J£LL SYBR Green 1A &R i3E 47 S 5%
J5E i PCRAARIEHT 7T H 19, AHF F0A I 1) mRNA 5 b5 6045 ILLA F2 A0 3 B AR 5 D88 L (K] (40 ALDH1A3.
CRABP2. RDH10. CYP26B1 %%), 5I#1H Primer-BLAST ¥ il I &M@ th R F k. NS Rk
Fl GAPDH & ACTB A TIA—4k, R 27 22C 7t s R E. BMEAR B AR ELIFEAH
HUGHEAT ¥ EE, RAGEEATRGASIERRAZ B ZEFHE, DKES IHC/HIRELR 4 11
CRERRE

2.14. GiirESHT

B St e R AR e il S & HECR A Wilcoxon BRAIES 308 Kruskal-Wallis #%:, 4>
KA E R R, MK Spearman 7k, 447 HTiEid Kaplan-Meier ¥ & Cox [a] )45 %4
HBEAT, XU P < 0.05 A N EA Giit 245 Lo

3. &R
3.1 ETFRAFPHEHXEREAWETETEXEER

NRGLRIE S SO ARG B B TG IME R R 7, 1 e T TCGA B RASI He e Jo ) sk &
HIFE A Z 5 . DESeq2 /3L % t 640 N2 FRIAFER, Hb LIREER H 248, SR RIS gEfE
bz i sk B AR (] 1(A)). BEEXT TCGA PAFIRET K 3 Cox [lJA 434, HL3k45 2785 5 EikE
R EMRMFER . K2 RN BT £ 135 49 Mk FE R, X B3I ] fig [ 2 5 A %0 1
o K (B T R (] 1(B)).

NRE— D SRR TS A TR, X 49 AMEE S RIEAT LASSO Cox [ElJH43#T. Bl &5 S50 2
IR R, BRI 0 R BORETAE £ (4 1(C)). it 3738 XERAIEHf € Fe 4 75 11 230 Amin = 0.0332,
TE FRARASE B 52 J5% P52 (1) [ B (R TIE TR M RE (1] 1(D)). S MRl 7 18 AN JE IR R VP oA 28, ot B A 5K
4: lambdami, = 0.0332 Riskscore = (0.0686) * THPO + (0.0363) * IL1A + (0.0638) * CFHR3 + (0.0401) *
VSTM2L + (0.0972) * LGALS12 + (0.0807) * LHX9 + (0.0041) * ANGPTL4 + (0.0458) * SHOX2 + (0.1455)
* ADRA1B + (0.0056) * NDUFA4L2 + (0.0961) * TMSB4XP2 + (—0.0829) * ENTPDS8 + (0.0816) * F5 +
(0.1961) * HBD + (0.0021) * AC092490.1 + (0.139) * AC007728.3 + (0.033) * FLJ16779 + (—0.1142) * Meta-
z0a_SRP + (-0.0415) * AD000090.1.

W
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Figure 1. Construct a prognostic risk model for gastric cancer based on differential genes related to reflux history
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AR A B F AT AR AR, HBEE AT T, JETCLp R . MESRER, W
AR LR R A PP R S, SRz B R A X 4 68 J1(E] 1(E))-

Kaplan-Meier ZE47 0 M4t R B, w8 KUK 2 AR AR 17 8 2B TR XS 4H.(log-rank P < 0.001), HAEAF
MR AERE VT SRR I B, PR AL B R e TS 73 2 Re J1(E 1(F)).

I )43 ROC #IZR 0T B, IZMRILE 1 48, 3 4E J 5 4R MR A fE T b by B BT i IX 23 B2
AUC H AL T2 36 [, RIBA BAA — 2 BIIE R S 71(FE 1(G)).

3.2. MBARBVER pYI ST TS 574 B Sk Elda g

D HE— PP Al ARG b 8 JE DR AR SL T 0B, 1 S R B R R e PR AR AT FL I 3K Cox 111
hTe GEREIR, TR S SR B, RIS R 2 S5 I PR AR Bn VR R B B0 ) T 4
AR, RWTX LSRR AT REIL IR B e (3 A A7 45 R (B 2(A))

THPO 1520 b 0220000440.414) THPO 1.08e-01 ™ 0202(-0.044,0445)
wia 12002 e 023200490415) LA 44301 e 0.10-0.17.0388)
CcrHRS 32003 -— 0737026312 RS 95501 —— ~0025(-0.88,0.831)
vsTMRL 801e-03 " 0164(0.043,0285) vsTV2L 65003 o 0235(0065,0.406)
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ANGPTLA 7200 " 0194(00220367) ANGPTLS s91e-01 e 0071(-0330188)
sHox2 Te-0: e 03400370643 sHox2 3.03e-01 e 0208(-0.185,0.603)
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Figure 2. Independent prognostic analysis of risk model genes and nomogram construction
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B Hs B A VR SR BN Z IR Cox IR DU IEIR A 3R . Hr i R WY, B op i A 0
DRIAE VR BSR4t 50 2 I e 203U A7 DR 5 A PR XU 2, 7R SRR SE TS bR . BhAh, 4RI &
TR 7 SV AR AL o) (6 2 AR AP M B PR R 2, 2B BIE 1R A (i A F Ak (P 2(B)) -

He T OIS R A S 26 Bl (nomogram), B & SCBERBARRE DY 5 I RS b, IS B VE > R ST T
A MR . %512 B C-index 24 0.637 (95% CI: 0.585~0.689, P < 0.001), WA HA7 %%
{HFESE I TN BEF1 (B 2(C))-

VAR B LRI RO 1, D R dh 2. GR IR, 1AEAT 3 4R PR A A7 (K T 15 5
PRULE i R AT, Hh B ARNEIT BB 2k, RS 2B ARG RORCHE FEAN T SR (1] 2(D))-

3.3. ETRKEDERER TCCA BESFRERFRER

e S KRR B L7 B 020 T R BR M, TR B ik WS TCGA B M st 47—
SRR BB R B(CDR) MR, BB RN ), HiZssia 77, Hf k=4
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DRI Ko A A E 301 DINAA A2 i) B )05 2 2H A5 40 LI B AR DCIE B, 3 — 20 3CRF G4 W4 AT w5 B 3t R Fr
SRR RRE (] 4(D))
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Figure 3. Molecular typing and prognostic differences in TCGA gastric cancer based on risk model genes
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Figure 4. Differential expression and functional enrichment analysis of G4 subgroup and normal tissues
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Figure 5. IL1A, as a key pivot gene, is associated with abnormal activation of retinol metabolism and poor prognosis
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Figure 6. IL-1a blockade inhibits retinol metabolism and affects gastric cancer cell proliferation
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