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Abstract: Objective To screen characteristic genes driving gastric mucosal “inflammation-cancer transformation” based on multi-
omics data and Mendelian randomization (MR) causal inference methods, and to explore potential traditional Chinese medicine (TCM)
intervention strategies. Methods Transcriptomic data and large-scale genetic data were integrated. Differential analysis, MR analysis,
and protein-protein interaction network construction were performed to screen characteristic genes causally associated with gastric
cancer risk. Subsequently, survival analysis, immune infiltration analysis, and immune mediation mechanism analysis were conducted
on the identified genes. Finally, molecular docking-based virtual screening was performed on a TCM small-molecule compound library
using core characteristic genes as targets to predict potential active components. Results A total of 30 continuously up-regulated
differentially expressed genes were identified during the “inflammation-cancer transformation” process. MR analysis identified five
core characteristic genes (S100A8, CXCR1, S100A9, S100A12, ZBED?2) showing positive causal associations with gastric cancer risk.

Among them, high expression of SI00A12 was significantly associated with poor prognosis in patients, positively correlated with
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neutrophil infiltration, and negatively correlated with B-cell and CD4* T-cell infiltration. Mediation analysis revealed that SI00A12

may promote carcinogenic effects by negatively regulating CD25*CD4* T cells (primarily regulatory T cells). Phenome-wide MR

analysis suggested good potential safety for targeting SI00A12. Virtual screening identified several TCM small-molecule compounds

with high binding affinity to the S100A12 protein (e.g., C-curarine, physalin D). Conclusion S100A12 is a key characteristic gene

linking chronic inflammation to gastric cancer development, driving “inflammation-cancer transformation” by reshaping the immune
&

microenvironment. The screening of TCM small molecules targeting this gene provides lead compound candidates for intervening in

gastric precancerous lesions. The established research framework integrating multi-omics and reverse drug screening offers a new

approach for the precise prevention and drug development of gastric cancer.
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A-volcano plot of differentially expressed genes between precancerous lesions of gastric cancer (PLGC) group and chronic gastritis (CG) group; B-volcano

plot of differentially expressed genes between early gastric cancer (EGC) group and PLGC; C-Venn diagram of downregulated genes in PLGC vs CG; D-

Venn diagram of upregulated genes in EGC vs PLGC.
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Fig. 1 Screening of differentially expressed genes for “chronic gastritis-precancerous lesions of gastric cancer-early gastric cancer”
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D nSNP  OR(95% CI) Fstatistics P value
S100A12 43 1.13(1.07 = 1.20) - 344927  2.15E-05
S100A9 10 1.34(1.13-1.59) —— 178.396 0.001
S100A8 8 136 (1.11 = 1.65) T 168159 0.002
AQPY 8 0.64 (0.47 - 0.87) — 91.770 0.005
ZBED2 4 1.61(1.06 -243) \—— 62.526 0.024
CXCRI 27 1.13(1.01 -127) bt 139077  0.026
1GSF6 11 0.83 (0.70 - 0.99) ot 111,858  0.038
IFITM1 24 1.15(1.00 - 1.33) bt 120.798  0.055
MSR1 31 0.91(0.83-1.01) - 182654  0.075
ADAMDEC! 8 0.89(0.73 = 1.10) [ 128013  0.290
IL2RA 6 0.81(0.53-124) ._._._4 99,110 0.333
MNDA 25 1.06 (0.93 - 1.21) ot 169259  0.384
CCL3 1 0.82(0.45—1.48) bt 45857 0.506
CLEC4E 22 0.98 (0.90 - 1.05) ~< 333.538 0.527
MMP9 11 0.94(0.76 = 1.15) -t 103.894 0536
SIGLEC10 11 0.97(0.83-1.13) el 204494 0671
CMTM2 1 090 (0.50 = 1.59) el 145492 0705
FCGR3A 2 0.96 (0.68 = 1.37) . 77.812 0.831
PTGDS 12 0.98(0.84 - 1.14) - 113610 0832
RNASE2 41 1.00 (0.93 = 1.09) i 275352 0931
FPRI 49 1.00 (0.94 - 1.06) W 262125 0.986

FCNI 43 100 (0.93 — 1.08) k3 249692 0.998
r T 1
0 1 2

OR>1 7R 1% Kl B8 I KU, OR<<I1 /R rIEREMIRX, OR=1 UL RERKSHL.

Odds ratio (OR) greater than 1 indicates that the gene may increase disease risk, an OR less than 1 suggests it may reduce the risk, and an OR equal to 1

(dotted line) serves as the reference line for no correlation.

B3 22 MREERSE &KX EARKE

Fig. 3 Forest plot of 22 candidate genes associated with gastric cancer risk
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Horizontal axis represents the effect size of SNPs on exposure genes, and vertical axis represents the effect size of SNPs on outcome phenotypes; lines in
different colors indicate the regression fitting results of different MR methods, black dots stand for the effect estimates of individual SNPs, and error bars

represent the 95% confidence intervals.
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Fig. 4 Scatter plot of core driver genes of gastric cancer
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A-Kaplan-Meier survival curves of five core driver genes; B-correlation analysis between S100A12 expression level and infiltration abundance of various

immune cells in gastric cancer tissues.
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Fig. 5 Prognostic analysis of core driver genes and immune correlation analysis of S100A12
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Table 1 Immune cell characteristics significantly associated with risk of gastric cancer onset
G AN URFE nSNP OR (95% Cl) P Y
B 2 SRR T CCR2 7% (CCR2 on myeloid dendritic cell) 10 0.864(0.795~0.940)  0.001
CD28 FHif4: CD45RA [ CD8 [ T 4Hjfi % i CD8 %k (CD8on CD28*CD45RA* CD8*Tcell) 41 0.917(0.872~0.965)  0.001
{43k CD25 () CD4 P T 40,5 CD4 Btk T 400 H 70t (CD25*CD4*T cell%CDA4*T cell) 3 0.737(0.601~0.904)  0.003
CDS8 fHE T 41z 1i CD8 1A (CD8 on CD8*T cell) 15  0.872(0.792~0.960)  0.005
CD14 it CD16 PHM: S %4 f K i CD16 %5 (CD16 on CD14 CD16*monocyte) 79 0.957(0.927~0.987)  0.006
CD39 P EF SR CD4 51 T 41 4%t 11 £ (CD39*resting CD4 regulatory T cell absolute count) 79 1.043 (1.011~1.075)  0.008
CD14 P14 CD16 BT SAZ A M 4%t 114 (CD14*CD16 monocyte absolute count) 3 1420(1.096~1.841) 0.008
1017 B iR CD27 &% (CD27 on memory B cell) 24 1.093(1.022~1.168)  0.010
CD4 fH1E: CD8 §531A T Aiia4axi 14t (CD4*CD8 dim T cell absolute count) 9  0.864(0.774~0.965) 0.010
CD4 Btk CD8 §33&1% T 4Mf itk 241 7 43 L (CD4*CD8 dim T cell %lymphocyte) 13 0.862(0.768~0.967) 0.011
CD4 A% T 40Me 5 CD4 Pt T 41 E 40 tL (CDA4 regulatory T cell %CD4* T cell) 4 0.777(0.640~0.945) 0.011
CD4 Btk CD8 §33&3% T 4Mf 7 A4 i 4Lk (CD4*CD8 dim T cell %leukocyte) 12 0.855(0.757~0.966)  0.012
IgD Bt CD38 55314 B 4 ik i CD27 %i% (CD27 on IgD-CD38 dim B cell) 31 1.072(1.015~1.132) 0.013
HLA-DR FHE B AR 40 17 0 658 % (SSC-A on HLA DR* natural killer) 17 0.907(0.840~0.980) 0.013
B A SR A o5 A SR E 2 B (myyeloid dendritic cell %dendritic cell) 16 1.112(1.022~1210) 0.014
CD14 [H1E CD16 Btk M4 i CD16 Fix (CD16 on CD14*CD16* monocyte) 31 0.938(0.890~0.988) 0.016
CD62L [ 3¢ 41 B4t S Rl T CCR2 3% (CCR2 on CD62L* plasmacytoid dendriticcell) 7 0.880 (0.792~0.977)  0.017
AR SOIRGN R T CCR2 F&IA (CCR2 on plasmacytoid dendritic cell) 7 0.880(0.792~0.977) 0.017
IgD B4 CD38 Btk B 4l % i CD25 #i% (CD25 on IgD*CD387B cell) 10 0.874(0.782~0.977)  0.018
IgD A CD38 Btk K £ #ic 17 B 41 CD27 %i& (CD27onlgD*CD38 unswitched memory 16 1.074 (1.011~1.140)  0.021
B cell)
HRACAZ A CO4 I T 4If 5.8 T 40U E 43 Lk Ceffector memory CD4* T cell %T cell) 11 0.875(0.781~0.980)  0.021
BRI CD62L Fi& (CD62L on monocyte) 9  0.895(0.815~0.984) 0.022
CD39 FfE#s S CDA 371 T 410 5 CD4 P4 T 40 4 b (CD39* resting CD4 regulatory 85 1.034 (1.005~1.064)  0.022
T cell %CD4 regulatory T cell
B a1 CD25 ik (CD25 on B cell) 13 0.900(0.822~0.987)  0.025
HEHATIZ B 412 CD27 %35 (CD27 on switched memory B cell) 33 1.062(1.007~1.120) 0.027
IgD [tk CD38 {1k B 4Hfi% i CD27 %i% (CD27 on IgD-CD38™B cell) 24 1.079 (1.007~1.155)  0.030
CD4 771 T 40 5 & T 40 H 4t (CDA4 regulatory T cell %T cell) 3 0.762(0.596~0.974)  0.030
AR TR 5 S SR A E 3 e (plasmacytoid dendritic cell %dendritic cell) 16 0.910(0.835~0.993)  0.033
IgD FH: CD24 Bt B 4Hif T CD27 %i% (CD27 on IgD*CD24*B cell) 20 1.077(1.005~1.156) 0.037
UG B 1R R T CD25 FiE& (CD25 on naive-mature B cell) 12 0.913(0.837~0.996) 0.039
CD24 Fiifh: CD27 FHYE: B 40 £ T CD27 ik (CD27 on CD24*CD27* B cell) 34 1.058(1.003~1.117)  0.040
CD4 FHYE T 4HH 17 ST Y630 E  (SSC-A on CD4*T cell) 9 0.845(0.718~0.994)  0.042
IgD FHk: CD24 FAE: B 4Hf1£ T CD25 %Kik (CD25 on IgD*CD24™ B cell) 13 0.917(0.842~0.999)  0.046
HHANCIZ B IHFR I CD25 FiA (CD25 on switched memory B cell) 10 0.923(0.852~0.999) 0.048

Gene nSNP  Trait
S100A12 41 CD25+ CD4+ T cell %CD4+ T cell '—-—«
S100A12 41 CD4+ CD8dim T cell Absolute Count i
ST100A12 41 CD4+ CD8dim T cell %lymphocyte
S100A12 41 CD4+ CD8dim T cell %leukocyte
0.8 1 1.2

El 6 S100A12 S5&EMmz BHERER

Fig. 6 Causal relationship between S100A12 and immune cells

OR(95% CI) P
0.95 (0.90 — 1.00) 0.038
—— 1.12(1.06 - 1.17) 0.000
——— 1.13(1.08 — 1.18) 0.000
—— 1.13(1.08 - 1.18) 0.000
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Fig.7 Results of full phenome-wide MR analysis of S100A12
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2 HE[E S100A12 ERMSFEMAPH NS FUEY @ 154D
Table 2 Small molecule compounds with high-affinity in traditional Chinese medicine targeting S100A12 protein (top 15)

dithel
MOL_ID &M B FR IR 2
(kcal mol™")
MOL002041 C-#;i##% (C-curarine) -7.8  {uiAant
MOL007236 F&¥ k% D (physalin D) 15 HTE
MOL003350 Ji4:#2tkZ (protohypericin) -7.1 M
MOL007238 FRI¢E M &K B (physalin B) -7.1 T
MOL012296 Hif#F i {5/ (precyasterone) -7.0 I8
MOLO003349 JFifh4:228k% (protopseudohypericin) -7.0 %
MOL002252 #M-K# % B (palmidin B) -6.9 K
MOL003424 #EZFANAE (pseudocarpaine) -6.9 BT

MOL002583 3-O- 7k H it 2k -20- /i % B K &k Bf ( 3-O-benzoyl-20-  —6.9  Hi&
deoxyingenol)

MOL002067 4:#2#k# Chypericin) -6.9 WA, HER., ., Btk

MOL011098 9q,130- —¥23-1-RWHEFE K A (9q,13a-dihydroxyl- 6.9  TRFH. HE
isopropylidenylisatisine A)

MOL006277 RA#EM NS (shinjudilactone) -6.9 K

MOL000988 24 (M [ 4,17(20)-cis-pregnadiene-3,16-dione ] -6.9 %%

MOL009078 KM-E#E#hE A (davallioside a_gt) -6.9  EEEAh

MOL009398 ] )5 & 4t-3-8d C(lupan-3-one) -6.8 [

Ea = .
Pi-Aaion Attractive Charge Amide-Pi Stacked Carbon Hydrogen Conventional  Pi-Alkyl Pi-Aaion  Amide-Pi Stacked Carbon Hydrogen Conventional
Bond Hydrogen Bond Bond Hydrogen Bond

A-S100A12-C-Hi#0ll; B-S100A12-FRIK K D; C-S100A12-JE 224k 3 D-S100A12-FRIEH AR B; E-S100A12-HIM Wi HH; F-S100A12-
Bt 2R
A-S100A12-C-curarine; B-S100A12-physalin D; C-S100A12-protohypericin; D-S100A12-physalin B; E-S100A12-precyasterone; F-S100A12-

protopseudohypericin.

8 ¥O[E S100A12 BN FIEY (GEERE<-T kcal'mol™!) B9 FIHEREE
Fig. 8 Schematic diagram of molecular docking of small molecule compounds targeting S100A12 (binding energy < —7
kcal-mol™)
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