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Abstract Background and Aims: Gastric cancer is a common and highly lethal malignancy of the digestive
system. The efficacy of current treatment strategies remains limited, highlighting the urgent need to
identify novel therapeutic targets. This study employed a Mendelian randomization (MR) approach to
integrate GWAS data with pQTL data, aiming to systematically identify and validate plasma proteins that
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are causally associated with gastric cancer, thereby providing a theoretical basis for targeted therapy.
Methods: A two-sample Mendelian randomization analysis was conducted using GWAS data on gastric
cancer and plasma pQTL datasets to infer causal relationships. External independent datasets were used
for validation. Multi-dimensional sensitivity analyses-including reverse causality testing, Bayesian
colocalization, and phenome-wide scans-were performed to ensure the robustness of the findings.
Protein-protein interaction networks were constructed via the STRING database to elucidate the
biological pathways of candidate proteins, and the DrugBank database was utilized to predict potential
therapeutic agents.

Results: A total of 16 plasma proteins were initially identified as causally associated with the risk of
gastric cancer. After external validation and sensitivity analyses, ICAM2, IGFIR, LIFR, and MET were
confirmed as key candidate targets. Drug database analysis indicated that dalotuzumab (targeting IGF1R)
and efalizumab (potentially modulating the ICAM2 pathway) may have therapeutic potential.
Conclusion: Through a multi-omics Mendelian randomization framework, this study systematically
identified four plasma proteins-ICAM2, IGFIR, LIFR, and MET-that exhibit stable causal associations

with gastric cancer. These targets offer novel insights into the molecular pathogenesis of gastric cancer

and provide a theoretical foundation for developing targeted drugs and personalized treatment strategies.
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Figure 1 Schematic diagram of the study design

1 RS

1.1 #FsRigit

AHITFERE G 2 vhn 8 15 A 2 RO A ) A
LAY ;. Zheng H BNV 52 Meta 43 BT 5 50 GWAS, 4
AL 1699 Ffif K 8 (1A 2 113 4 pQTL 4 4
Bl o AR AR bR . (D) A 2D TS D
IRE) B W E (P<Sx107%) /Y8R BT OCHK
AT R £ A PE (single nucleotide polymorphism,
SNP) (4235 =5 5z A AL 50) 5 (2) HRBR A2 T
FEH LM AR A K (major histocompatibility
complex, MHC ) X3 (chr6:26-34Mb) 1 SNP M #H
I 4 B 2R 5 (3) G i iR S B % (£<0.001)

i Pt A% T E 7 o [A B 5] A Ferkingstad [4] A1
F£T deCODE H 408 4 14 3 7. A S S0 E B4 (n=35 559,
6 W0 12 K 1T 4 907 Ff ) HEAT AR EBIIE

5T B 9 GWAS By 9] 1 %6 4R 95 H Sakaue 4]
BAUSTR BIF 5 . i BA B 90 A 476 116 451 KM 1 8t 4~ 1K
I B 20 1 020 3], F B 41 475 087 B 5 Bk I 4
5+ ebi-a-gest90018849 ) . IEU OpenGWAS (1) ' i %1
i (finn-b-c3_stomach_exalle) I T4 3F, 1Z 55
AL 174 639 BRI AHE (9 191 633 51, X AR
174 006 1] ) o 134 SCBA B 5 T Sk 477 2 0 24 174 1l S 2
AR B2 A T £ b0 B0 E B I i RE Al L 7 A 4
R, BT A GWAS B0HE 5 1l 5 85 1 20 2 B0His 3 ok
H 2 SEF ST BAAY , 28 35 A% UG IC 43 BT 8 DA A7 7E R
REE,
1.2 FitF4bE
1.21 & 2 R M AL 5 K BF K R A
TwoSampleMR R #1442 5% Jiti WG+ A< 75 71 7K Bl B Ak 53
Bro X B — pQTL A £ 11 J5T R ] Wald ratio 15 #E 17
RO VAL, T 2 pQTL 1Y 2 11 5T W) 87 FH 33 5 22 in
FLH: (inverse-variance weighted, IVW) SR Y
A i 2 W 1 B 1 A O S W I Y S A 1 =
(standard deviation, SD) Z8fk &, DL fb H xT 1§ 5
JRUBS: %) 5880 07 5% B o 44 Bonferroni £ 1F (i 2 PE I H .
0.05/1 699=2.94 x 10~*) i 34 {4 1 1% 2 191 1 A S 1iE By
B, %M Bi#E A deCODE BA 3 ) pQTL 4 4l 5 finn-b-
¢3_stomach_exalle 1) GWAS I 5 4 i+ 8048 o 47 15t 1%
SEROAIE o U E i R A R G SRR v T AR gk
PR . Sk ] deCODE i b 5k 25 1 % 5 SNP,
[ii] B} 22 3R 55490 4 43 B b SNP o7 o5 A 43 a8t L AE S —
Hk.
1.2.2 ReER X Z0X ETEMEHNAEEER
fH (P<5x107%) ™% G 2 14 5 % AH G SNPAE 4 T
FLAR G, I S0 R 1) o R BE AL AR 3 BT DL HE bR 9
PR 1) AR OGHK . 2R 4L B0E TR H deCODE fiff
FARBER GWASTL B ST 4 HPPAG B %t 1 3¢
R R RN, SR R R A R B AL AR
Iy M7 . IVW . MR-Egger 8109 . fin A2 A o7 % %
(weighted median) . & #1452 7 (simple mode) }%
AR L (weighted mode) o $E — 25 [ ] Steiger
T3 1) P A 56 1 06 U il 3 AR S g XU (] R AR G
ARG 2E DT I .
1.2.3 Ntk @44t @ A i B fE R 5L
— B A2 X3P R A MR R A T i e = A [R] R

http://www.zpwz.net


https://go.drugbank.com

738 W E AR A

5 34 45

AR AWM “coloc” RERAFALIEFT DI -3t
SENLA AT, a1 coloc.abf B9 43 B P4k PO PR Y
JE AR . %1 (PP.HL) . &2 (PP.H2) .
% 3 (PP.H3) AFifEi% 4 (PP.H4), Hv PP.H4 Xf
N A T g T R R A R . R
BE & bR dE, 4 PP.H4>80% It , INHIZEHHRESH
Joes A E L8 7 IR o

1.2.4 %A 33%5 PhenoScanner /& — 1% fiff K 5
GWAS 45 Ry 2 3 8 4l M. A& oF 58 R W
phenoscanner R 40K & pQTL 5 HiAh 22 B 1 B, JF
BT DUT bR A 2 280 SNP: (1) 4 56 R 4 7K -
BE R (P<Sx107%) ;5 (2) i i GWAS BF 5 X 42
WU ol g A RE 5 (3) SNP 5 2 0 B 9 XU R R AE L
KK .

1.2.5 &G R—% a4 altEm (PPl) & 243 5%
£ AW 5T 38 H STRING 4 45 2 (https://string—db.
org) BT OCHE S BT I E AR AR, O A

PPI M 4% o it — 20 38 & DrugBank %5 85 27 i 5% 6% %6 &%
FIRE0 ] 259, IR 3% 4 PPL MK 40 Br 4 31, e X0
FE HA S TF & o A8 1 25 W B0 05 K O ARG T Ak
%%C

21 BEHEXERZFAIRSEIE

A i 58 N Bonferroni # 1E (& 1E B {H P=
294x107) AT HEETKIE, LEEH 1675
HEATENRLHKMMEEA (£1), 04F
ADGRF5. CIGALTIC1, CHSTI5S., SELE. ENG.
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Table 1 Mendelian randomization results after Bonferroni correction

HEH UniProt ID SNP i OR(95% CI) P PVE F
FEH
ADGRF5 QSIZF2 152519093 T  0.90(0.86~0.94) 7.16e-06 17.59%  704.51
CIGALTIC1 Q96EU7 17787942 T  1.14(1.08~1.21) 7.16e-06 14.45%  124.11
CIGALTICI Q96EU7 152519093 T  1.14(1.08~121) 7.16e-06 14.45%  400.79
CHST15 Q7LFX5;B4DH74 1550057 T 0.77(0.70~0.86) 2.29e-06 3.87%  132.86
SELE P16581 152519093 T 0.93(0.91~0.96) 7.16e-06 39.78% 2 180.14
ENG P17813;Q5T9B9; AOA024R878;096CG0; BTZ6Y5; F5GX88  1s651007 T 0.86(0.81~0.92) 9.70e-06 10.54%  117.45
SELP AOA024R8Y9;P16109; Q6NUL9; Q5R341 156136 G 0.84(0.78~091) 7.16e-06 4.90%  473.50
SELP AOA024R8Y9;P16109; Q6NUL9; Q5R341 174227709 A 0.84(0.78~0.91) 7.16e-06 4.90%  55.05
SELP AOA024R8Y9;P16109; Q6NUL9; O5R341 152519093 C  0.84(0.78~0.91) 7.16e-06 4.90%  353.44
MET AO0A024R759;P08581; AOA024R728; E6Y365; BADLF5S  1s635634 T  0.81(0.74~0.89) 9.96e-06 4.20%  144.61
IGFIR P08069; C9J5X 1 15635634 T 0.70(0.60~0.82) 9.96e-06 1.38%  46.08
INSR P06213 1507666 A 087(0.82~0.93) 7.26e-06 9.83%  359.88
ICAM2 P13598; Q6FHE2 15651007 T  0.82(0.75~0.90) 9.70e-06 5.89%  62.37
IL3RA P26951 152519093 T 091(0.87~0.95) 7.16e-06 21.41%  899.37
ALPI AOA024R4A2;P09923 1550057 T  0.72(0.63~0.83) 229e-06 4.30%  80.75
ALPI AOA024R4A2;P09923 15679574 G 0.72(0.63~0.83) 2.29e-06 4.30%  64.33
LIFR ASK1Z4;P42702 1635634 T  0.77(0.69~0.86) 9.96e-06 2.60%  88.21
€D200 P41217; B4DDZ6; FSW7G1 15651007 T  0.79(0.71~0.88) 9.70e-06 4.15%  43.17
FAM177A1 Q8N128 1550057 T  0.72(0.63~0.82) 2.29e-06 4.55%  78.41
FAM177A1 Q8N128 1679574 G 0.72(0.63~0.82) 2.29¢-06 4.55%  75.37
KDR AOA024RD88 ; P35968 1534231037 G 0.88(0.83~0.93) 6.74e-06 18.54%  315.68
KDR AOA024RD88; P35968 1635634 T 0.88(0.83~0.93) 6.74e-06 18.54%  359.02

T : PVE GRS S 4<)
Note: PVE (phenotypic variation explained)
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i oL A EBI. FinnGen 1 deCODE %% 42 J& %%
P, WIET MR EA R FLFN -, Hp
CD200. ICAM2. IGFIR. LIFR K& MET fiy % 1% 28 5
5 5 9 KU A7 7E B B G I . CD200 2% 35 B A% 1 4>
SD, 9 KU [ A 29% (OR=0.79, 95% CI=0.71~
0.88, P=9.70x 10°°); ICAM2 2% ik [ 1K 14> SD X i

KB T 18% (OR=0.82, 95% CI=0.75~0.90, P=
9.70x 107°) ; IGFIR (OR=0.70, 95% CI=0.60~0.82) .
LIFR (OR=0.77, 95% CI=0.69~0.86) #ll MET ( OR=
0.81, 95% CI=0.74~0.89) FiLFEMK 14 SD 435 5
B KRS B K 30% (P=9.96x107¢) | 23% (P=
9.96x 107°) & 19% (P=9.96x107%) A% ([F2).

Protein Tissue Source OR (95% CI) P Protein Tissue Source OR (95% CI) P
ADGRFS Plasma Jie Zheng et al. 0.90 (0.86~0.94)  7.16e-06 ADGRFS Plasma  Jie Zhengetal. =+ 0.74(0.62~0.89)  0.001
ADGRFS_decode_sig Plasma  deCODE - 1.01(0.90~1.13)  0.897 ADGRFS5_decode_sig Plasma  deCODE T 0.84(0.65~1.09)  0.182
ALPI Plasma  Jie Zheng etal. = 0.72(0.63-0.83)  2.29¢-06 ALPL Plasma  Jie Zheng etal.  —— 046 (0.28~0.73)  0.001
CIGALTICI Plasma  Jie Zheng et al. . 1.14(1.08~1.21)  7.16e-06 ALPI_decode_sam Plasma  deCODE - 0.85(0.54~1.34) 0492
D200 Plasma Jie Zhengetal,  + 079(0.71-0.88) 970006 ALPI_decode_sig Plasma  deCODE —_— 0.85(0.54~1.34) 0492
CIGALTICI Plasma  Jie Zheng et al. —— 1.46 (1.16~1.84)  0.001

€D200_decode_sam Plasma  deCODE - 0.66 (0.55~0.79)  9.70e-06 i

) €D200 Plasma Jie Zhengetal.  ~— 050 (0.33~0.76)  9.56¢-04
CHSTLS Plasma  Jie Zheng etal.  + 0.77(0.70~0.86)  2.29¢-06 €D200_decode_sam Plasma  deCODE — 030(0.15~0.61)  9.56¢-04
ENG Plasma  Jie Zheng et al. . 0.86(0.81~0.92) 9.70:-06 CHSTI5 Plasma  Jic Zhengetal. =~ 0.54(037-0.78)  0.001
ENG_decode_sam Plasma  deCODE . 0.86 (0.81~0.92)  9.70e-06 ENG Plasma  Jie Zhengetal. 0.66(0.51~0.84) 956604
ENG_decode_sig Plasma  deCODE * 1.03(0.96~1.11)  0.383 ENG_decode_sam Plasma  deCODE - 0.65 (0.50~0.84)  9.56e-04
FAMI77A1 Plasma Jie Zhengetal. = 0.72(0.63~0.82) 2.29¢-06 ENG_decode_sig Plasma  deCODE —— 0.95(0.69~1.31)  0.761
FAM177A1_decode_sig  Plasma  deCODE — 146 (1.01~2.11)  0.044 FAMI77A1 Plasma  Jie Zheng etal. = 0.45(0.28~0.73)  0.001
ICAM2 Plasma  Jie Zheng et al. . 0.82(0.75~090) 9.70e-06 FAMI77A1_decode_sam Plasma  deCODE — 0.85(0.54~1.34) 0492
ICAM2_decode_sam ~ Plasma  deCODE - 0.62(0.50~0.76)  9.70e-06 FAMI77AI_decode_sig  Plasma  deCODE I 1.83(1.15-290) 0011
IGFIR Plasma  Jie Zheng et al. 0.70(0.60~0.82)  9.96e-06 [CAM2 Plasma  Jie Zheng etal. -+ 057 (041-0.79) - 9.56e-04

ICAM2_decode_sam Plasma  deCODE — 025(0.11~0.57)  9.56¢-04

IGFIR_decode_sam Plasma  deCODE . 0.79(0.71~0.88)  9.96e-06

) IGFIR Plasma  Jie Zheng etal. s 032(0.17~0.61) 5.02¢-04
IL3RA Plasma. Jie Zheng et al. | 0.91(0.87~095)  7.16e-06 IGFIR_decode_sam Plasma  deCODE -— 0.47(0.31~0.72)  5.02e-04
IL3RA_decode_sig Plasma  deCODE —-— 0.97(0.73~1.30)  0.845 IL3RA Plasma  Jie Zheng et al . 076 (0.65-0.90) 0,001
INSR Plasma  Jie Zheng et al. 0.87(0.82~0.93)  7.26e-06 IL3RA_decode_sig Plasma  deCODE —-— 0.69 (0.46~1.02)  0.064
KDR Plasma  Jie Zheng et al. . 0.88(0.83~0.93)  6.74e-06 INSR Plasma  Jie Zheng et al. . 0.66 (0.52~0.85)  8.82e-04
KDR_decode_sam Plasma  deCODE 0.86 (0.80~0.92)  6.48¢-06 KDR Plasma  Jie Zhengetal.  —s— 0.83(0.50~1.38) 0467
KDR_decode_sig Plasma  deCODE —— 0.88 (0.67~1.15)  0.355 KDR_decode_sam Plasma  deCODE —— 0.78 (0.43~1.41)  0.408
LIFR Plasma  Jie Zheng et al. - 0.77 (0.69~0.86)  9.96e-06 KDR_decode_sig Plasma  deCODE —— 1.14(0.80~1.60)  0.470
LIFR_decode_sam Plasma  deCODE . 0.83(0.77~0.90)  9.96e-06 LIFR Plasma  Jie Zhengetal. — —— 0.44(0.27~0.70)  5.02¢-04
MET Plasma Jie Zheng et al. . 081(0.74-089) 9.960-06 LIFR_decode_sam Plasma  deCODE - 056 (0.40~0.77)  5.02¢-04
) MET Plasma  Jie Zhengetal. -+ 0.52(0.36~0.75) 5.02e-04
MET_decode_sam Plasma  deCODE . 0.82(0.75~0.90)  9.96¢-06
. o o ! 003 (0.91-0.96 o6 MET_decode_sam Plasma  deCODE - 0.53(0.37~0.76)  5.02¢-04
SR asma - Jie Zheng et al. 93 (091-096)  7.16e- SELE Plasma  Jie Zheng et al. - 0.82(0.73~0.92)  0.001
SELP Plasma  Jie Zheng et al. . 0.84(0.78~0.91)  7.16e-06 SELP Plasma  Jie Zheng etal. - 0.61 (0.45~0.82)  0.001
SELP Plasma  Jie Zheng et al. - 1.05(0.92~1.20)  0.444 SELP Plasma  Jie Zheng et al. o 0.85(0.69~1.04) 0.112
SELP_decode_sam Plasma  deCODE — 1.21(0.85~1.70)  0.287 SELP_decode_sam Plasma  deCODE —— 0.71 (0.46~1.10)  0.129
SELP_decode_sig Plasma  deCODE —— 125(0.88~1.79)  0.215 SELP_decode_sig Plasma  deCODE —-— 070 (0.45~1.09)  0.113
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Figure 2 External validation of causal associations between 16 candidate plasma proteins and gastric cancer
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. CD200 5 ICAM2 (rs651007) A RE i 425 % 1 2
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Protein Method OR (95% CI) P
Inverse variance weighted — 1.08 (1.00~1.2) 0.044
MR Egger 1.13(0.82~1.6) 0.489
D200 weighted median _ 1.05(0.98~1.1)  0.173
Simple mode —_— 1.03(0.91~1.2) 0.633
Weighted mode I 1.04 (0.94~1.1) 0.493
Inverse variance weighted - 1.05(0.98~1.1) 0.182
MR Egger 1.03(0.75~14)  0.874
ICAMZ Weighted median —_— 1.06(0.98~1.1)  0.161
Simple mode —_— 1.02 (0.90~1.2) 0.748
Weighted mode e 1.07 (0.95~1.2) 0.296
Inverse variance weighted — 1.03(0.97~1.1) 0.334'
MR Egger 0.96 (0.73~1.3) 0.772
IGFIR  Weighted median — - 0.99(0.92~1.1)  0.887
Simple mode s — 0.98 (0.87~1.1) 0.682
Weighted mode — 0.98 (0.88~1.1) 0.707
Inverse variance weighted —e 0.99 (0.93~1.0) 0.633
MR Egger 1.04 (0.81~1.3) 0.752
LIFR Weighted median —_— 1.00 (0.93~1.1) 0.906
Simple mode e 0.93(0.82~1.1) 0.302
Weighted mode B — 1.05(0.93~1.2) 0.465
Inverse variance weighted — 0.98 (0.92~1.0) 0.441
MR Egger — 0.89 (0.70~1.1) 0.421
MET  Weighted median —_— 0.97(0.90~1.1)  0.46
Simple mode —_— 0.94(0.83~1.1) 0.385
Weighted mode e 0.92 (0.81~1.1) 0.292
0!8 i 1.I25
Lower Higher
E3 B S MEE E R E SRR A S E RS T
Figure 3 Bidirectional Mendelian Randomization Analysis of Gastric Cancer on the Levels of Five Potential Causal Proteins
F2 EBEREREBQW Steiger iR 5 MM H £ EM DR
Table 2  Steiger filtering and Bayesian colocalization analysis results of potential causal proteins
SNP HH UniProt By a| P PP.H4.abf  steiger_pval
rs651007 CD200 P41217;B4DDZ6;F8W7G1 TRUE 2.752 89e~-10 0.659 2.752 89e-10
rs651007 ICAM2 P13598; Q6FHE2 TRUE 2.886 47e-14 0.939 2.89e-14
rs635634 IGFIR P08069;C9J5X1 TRUE 1.751 77e-10 0.839 1.751 77e-10
rs635634 LIFR A8K1Z4;P42702 TRUE 3.541 2e-19 0.838 3.541 2e-19
rs635634 MET A0A024R759;P08581; A0A024R728; E6Y365;B4DLES TRUE 9.338 94e-31 0.839 9.34e-31
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