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Abstract

Key words

Background and Aims: Gastric cancer lacks highly effective and widely applicable biomarkers for
early detection. Circulating proteins are measurable molecular intermediates with potential biological
and clinical relevance. This study aimed to systematically evaluate the genetic associations between
circulating plasma proteins and gastric cancer risk and to prioritize proteins with convergent genetic
evidence.

Methods: A two-sample Mendelian randomization (MR) analysis was conducted using pQTL summary
statistics for 4 907 plasma proteins as exposures and FinnGen Release 12 gastric cancer GWAS data as
the outcome. Candidate signals were further evaluated using summary-data-based Mendelian
randomization (SMR)/heterogeneity in dependent instruments (HEIDI) analysis and Bayesian
colocalization analysis to assess the probability of shared causal variants between protein and gastric
cancer signals. Independent European gastric cancer GWAS data were subsequently used for external
validation and meta-analysis. TCGA-STAD, GTEx, and GEPIA2 datasets were further used to
investigate tissue expression, prognostic relevance, and associated biological processes of the prioritized
candidate gene.

Results: The MR screen identified 84 candidate proteins associated with gastric cancer risk, including
36 risk-increasing and 48 protective signals. SMR analysis further prioritized 11 positive proteins.
Bayesian colocalization analysis showed that HGF had the strongest evidence for a shared causal variant
(PP.H4=0.792). External GWAS validation and meta-analysis further supported the association between
genetically predicted higher circulating HGF levels and increased gastric cancer risk (OR=1.224,
95% CI=1.070-1.401, P=0.003). Transcriptomic analyses demonstrated that HGF was upregulated in
gastric cancer tissues, and high HGF expression was associated with poorer overall survival and disease-
free survival. GSEA indicated that HGF-related genes were mainly enriched in extracellular matrix
remodeling, angiogenesis, and immune regulatory processes.

Conclusion: This study constructed a genetic prioritization landscape of circulating proteins associated
with gastric cancer risk and provided convergent genetic evidence supporting HGF as a prioritized
gastric cancer-related candidate protein. These findings offer molecular clues for future risk stratification,
mechanistic investigation, and clinical validation in gastric cancer.

Stomach Neoplasms; Blood Proteins; Mendelian Randomization Analysis; Bayesian Colocalization
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Figure 1

Two-sample MR screening identifies circulating plasma proteins associated with gastric cancer risk

A: Volcano

plot showing MR screening results for 4 907 circulating plasma proteins and gastric cancer risk; B: Forest plot showing

effect estimates of 11 SMR-positive proteins associated with gastric cancer risk
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FFJ'€ SMR 43 A1 LAl 8 1A Gt L 15 5 5 B i X
B A5 5 7RO U2 T B R SRR . 4 P_SMR<0.05 5]
e, L3745 11 4> SMR FHPEE 1, 428 X s i
F AT RE AR 2% 5 g LB A O AR et i 5 9 o AAAK
NEJ7 kA, 1A 8 A R S RS T S S

WA &R g7 {5 45, W SLAMF6. PCBDI .
TCN2. FCRL6 % & XU 34 in 77 ] (OR_SMR>1) ,
ifii TFRC . SMAD1. MAPKI13. USP8. TPST2 % & {#
P17 1 (OR_SMR<1) . 7F HEIDI £ % J7 1 , B&
PCBD1 4F, Z % SMR FHYE & 1 11% P_HEIDI A 4 7 B
WAL RS TR, BRI SR IR OGO 52 4 R
F AL 5 S E ME BT 9K 3 . PCBDI1 Y P_HEIDI Wy
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AR (40 TPST2 (%) nSNP_HEIDI 47 ), P itk i 26 7
ST T 5 0T 0 TE R R AT N OR R AR, N4
B e ek e 0 5 SR R G b 56 E I 4 AT 28 A R
7t SMR/HEIDI 73 A1 i) BE filh £, B 5% 3k — 20 % 11 4>
SMR BH 4 2 11T J DU iy 2 5 5 50 B, AP Al 28
H pQTL 15 5 5 5 i GWAS {5 5 7 [7] — 3 ] )3 Py 3t
ERPA RN, SR ER, SR ERE
F1 /Y PP.H4.abf AH X AR, #2708 H b = 1 — P R R
SRR A R M Z T, HGF R H %
I 7 32 HF (PP.H4.abf=0.792) , H PP.H3.abf # ik
(0.012), $&78 HGF 156 pQTL A5 5 5 H 18 XU 5 5
BRTRE h R L A SR gh i A e A 4R R R TR
M AL S IR (1),

FE 114~ SMR FHMEE A, HGF 1Y SMR 800 {E
ok (OR_SMR=3.091, 95% CI=1.102~8.671,
P_SMR=0.032) , H HEIDI £ 56 o $& 7~ B @ 5 i ok
(P_HEIDI=0.879 ) . HGF 3 P JA fit [X 48 5 X B @R
B i GWAS LB {5 5 5 HGF Xf hf QTL 15 5 7£ [/ —
FE R VO B B — o R R e R (B 2A) 5
SNP %00 — Bk s K i — 20 7R, HGF A 2¢ QTL
RN 5 H 9 GWAS RN = 8] A7 #£ — € X N i
(E2B), X645 8 HGF #F A J5 22 U1 i 34 3558 4
Sy BT B AL T 2 R A SRR e A X B

it — IR, HGF ZL A JEE N 1 8t 48 5 5 5 )5 &6 LD
St B A BRI X R (K 20) . Kk, 76 MR
fiii £ . SMR/HEIDI & £ K U1 w37 3k 5 437 43 A7 44 B2 1)
BB UE YR 5% b, HGF 26 B0 A X i — B0 52 75 .
T I, AWK HGF VE Ry J5 S2 4035 96 0F A I PR
B SR AT AR e AR PR R R 5 .

2.3 RS EMEITM

VA A 3 HR 5 g XU Y DR SR A e 4

A LA T B R R, BT
B2 A T HALS R A S T 2805 5
PER S, 5L BT %2, 3T MR-Egger #1545 55
MK Z 325 R on , BT 1k 8 Y AN AE A
B Sk 13 7 1) 7K S 22 3550 i ey 3K S R 5 £
(¥ P>0.05) . [FFE, 7e5BirEfsd, T IVW
it J& MR-Egger QGi it i, oK B /R W38 09 07 5 1]
WOV (P QR P>0.05), i — 2 S FFiX
L6 SMR A M 2 1A RO Ak T S B 2 00 7 ) 22
ST ER. TEUIINE, T AR R R
T AN S AEE (40 SLAMF6 ., SMAD1, MAPKI3 .
USP8 %), | ik MR-Egger 22 % 4 K6 56 A1 57 o 1 4G 56
LA R, High Ll “AEH
(BLSNP) 7 fpid. ETHIVEARLLE TG RE
SNP SUBAE 3 Hr i — 2 B0 UE , L MR &5 5 0 A b 38
FME L IR R i B, JF 45 & SMR/HEIDI, &
FE AV S AN IR IE 25 S AT 25 A R

x®1 EEEOSSENKLE SMR-HEIDI [E R & T E A 547 45 8

Table 1 SMR-HEIDI causal inference and Bayesian colocalization results for candidate proteins associated with gastric cancer

risk
1D topSNP OR_SMR(95% CI) P_SMR nSNP_HEIDI P_HEIDI PP.H3.abf PP.H4.abf

FCRL6 rs11585836 1.161(1.006~1.338) 0.041 19 0.963 0.032 0.007
SLAMF6 rs12119876 1.733(1.186~2.533) 0.004 5 0.302 0.025 0.294
IL1IRAP rs2241343 1.626(1.001~2.642) 0.050 5 0.998 — —

TFRC rs9877493 0.553(0.341~0.898) 0.017 20 0.091 0.042 0.109
SMAD1 rs7676465 0.344(0.121~0.977) 0.045 5 0.705 0.030 0.120
MAPKI13 rs763096 0.615(0.389~0.972) 0.037 14 0.242 0.014 0.116
HGF rs1790414577 3.091(1.102~8.671) 0.032 20 0.879 0.012 0.792
PCBD1 152630336 1.771(1.186~2.645) 0.005 20 0.030 0.030 0.083
UspPs 154380013 0.751(0.581~0.970) 0.029 0.688 0.030 0.083
TPST2 15134159 0.534(0.365~0.781) 0.001 0.315 0.024 0.108
TCN2 rs5997694 1.194(1.009~1.412) 0.039 20 0.222 0.042 0.093

Y : OR_SMR>1 #7728 UK P-TH 5 15 85 AR BT , OR_SMIR<1 7% 15 KUK A X 5 PP.HA. bt 467 52 7] — PR S48 53 19 o B
IL1RAP A X 35 SNP {55 A AN f& Ak A Fase Mg (45 2L s PCBD 1 (1 HEIDUR B0 $R /s A7 7R AR SR TPk , 45 SR VA R
Note: OR_SMR>1 indicates that genetically predicted higher protein levels are associated with increased gastric cancer risk, whereas OR_SMR<1

indicates a protective association; PP.H4. abf represents the posterior probability of a shared causal variant between protein pQTL and gastric cancer

GWAS signals; stable colocalization estimates for ILIRAP were unavailable because of insufficient regional SNP information; the HEIDI test for

PCBDI1 suggested potential heterogeneity and therefore should be interpreted cautiously
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Figure 2 SMR and Bayesian colocalization analyses prioritize HGF as a candidate protein associated with gastric cancer risk

A: Regional

association plots of gastric cancer GWAS and HGF QTL signals within the HGF locus; B: Scatter plot

showing concordance between HGF QTL effects and gastric cancer GWAS effects; C: Bayesian colocalization regional plot
for the HGF locus

F2 REZEENZUUERFAMKREER

Table 2 Pleiotropy and heterogeneity analyses of candidate proteins

IR Z R ERTS: it e ivE
E- 75| MR-Egger VW MR-Egger
A S.E. P Q A P Q F H % P
FCRL6 -0.010 0.040 0.818 4.424 7 0.730 4366 6 0.627
SLAMF6 AT (HLSNP)
ILIRAP -0.006 0.027 0.826 1.620 4 0.805 1.563 0.668
TFRC -0.018 0.054 0.744 3.664 8 0.886 3.548 7 0.830
SMADI AN I (FLSNP)
MAPK13 AN ] (FfLSNP)
HGF 0.218 0.110 0.296 6.996 11 0.799 6.965 10 0.729
PCBD1 0.007 0.051 0.900 0.837 5 0.975 0.819 4 0.936
USP8 ANidi F (FSNP)
TPST2 0.037 0.037 0.373 0.431 1 0.511 0.507 2 0.776
TCN2 -0.016 0.116 0.896 12.121 7 0.187 12.084 6 0.160

4 : B SNP F I JCHE T B MR-Egger il A6 55 . Cochran's QK46 5 MR-PRESSO A3 2 IV AR /4T, B L NiE 7 R
Note: Proteins with only a single instrumental SNP could not undergo MR-Egger intercept, Cochran's Q, or MR-PRESSO analyses; therefore, these

items were labeled as "not applicable"
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W B 76 28 HGF 7K 7 FH & 415 5 8 98 AR 38 m A48 ¢
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N5 ) 5 FinnGen R12 E 4345 8 — 8, i — ¥
FinnGen R12 B ¥ 45 ) 5 40 &8 5 01E 25 ) o 47 [ 2 3L
N Meta 7387 (&13) o B IFSE R BIR, 5% B0y
116 B8 HGF 7K ~F- Tt 5 1 s XUBS: 35 475 A7 78 i & %

I (OR=1.224, 95% CI=1.070~1.401, P=0.003). %
JRPERS B o, P GWAS &5 Ja) 0] 7775 v 2678 i 5
i (P=58%, 7°=0.055), {H Cochran's QK% A ik
PGl X (x=2.38, P=0.123) . b iR45 5 4R
7, HGF #H G5 A% A5 5 76 0 57 B A B B 958 GWAS
g mh B~ EE M, I HGF AE R H 9 K
W R OGO S A i 2 1 PR i T A SR s A SE R .
J& B A~ 4 Jmy BOHE 4R A TS A7 AE b AR AR B S B,
FHOC 45 SR J Se Ay 75 75 1 2 o ar N B bk — b
5ok .

Exposure  Sample size Outcome Sample size Odds Ratio OR (95% CI) P

decode-HGF 35367 ebi-a-GCST90018849 476 116 = 1.191[1.036~1.369] 0.037

decode-HGF 35367 finngen_R12_C3_STOMACH_EXALLC 381 045 1.841[1.078~3.144] 0.025
Fixed effect model = 1.224[1.070~1.401]

Heterogeneity: ’= 58%, t°=0.055, x7=2.38 (P=0.122 7) 1 |

Test for overall effect: 2=2.95 (P=0.003)

3

B3 h3z GWAS BB I IE & Meta 53 #T 2 #% HGF 5 B E XU Hi= {5 X B (3 F deCODE-HGF pQTL 1V 7EF 4~ 3 32 5 &

GWAS # & i#1T MR 53 17 &% Meta 5347 )

Figure 3 External GWAS validation and meta-analysis support the genetic association between HGF and gastric cancer risk

(MR analyses and fixed-effect Meta-analysis were performed using the deCODE-HGF pQTL instrument across two

independent gastric cancer GWAS datasets)
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Figure 4 Expression pattern, prognostic relevance, and associated biological processes of HGF in gastric cancer
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A:

Differential expression of HGF between gastric cancer and normal gastric tissues based on TCGA-STAD and GTEx

datasets; B: Multivariable Cox regression analysis of HGF expression and clinical variables in the TCGA-STAD cohort;
C-D: OS and DFS analyses according to HGF expression levels using GEPIA2; E: Single-gene GSEA of HGF in TCGA-

STAD tumor samples showing major enriched GO biological processes
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