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Abstract

Key words

Background and Aims: Psychological phenotypes may influence tumorigenesis through behavioral
changes, neuroendocrine dysregulation, and immune modulation. However, their causal relationships
with gastric cancer remain unclear. This study aimed to investigate the potential causal associations of
anxiety, depression, neuroticism, and mood swings with gastric cancer risk using Mendelian
randomization (MR), and to prioritize candidate genes potentially involved in this process.

Methods: A two-sample MR framework was applied. European gastric cancer genome-wide association
study (GWAS) data were used as the primary outcome dataset. Univariable MR analyses were performed
for four psychological phenotypes, including mood swings, anxiety, depression, and neuroticism.
Positive findings were further evaluated using an East Asian gastric cancer GWAS dataset and
subsequently assessed by multivariable MR and Bayesian model averaging MR (MR-BMA). Candidate
genes were prioritized using the Polygenic Priority Score (PoPS) method and further evaluated through
differential expression and survival analyses using the GEPIA2 platform.

Results: Univariable MR analysis demonstrated that only mood swings were significantly associated
with an increased risk of gastric cancer, with an IVW estimate of OR=1.708 (95% CI=1.075-2.713, P=
0.023). External validation in the East Asian dataset showed a consistent effect direction with borderline
statistical significance (OR=1.747, 95% CI=0.999-3.056, P=0.050). MVMR analysis indicated that
mood swings remained independently associated with gastric cancer risk after adjustment for anxiety,
depression, and neuroticism (OR=3.296, 95% CI=1.089-9.982, P=0.035). MR-BMA analysis identified
mood swings as the most important exposure (MIP=0.935, adjusted P=0.012). Sensitivity analyses
revealed no substantial evidence of heterogeneity, horizontal pleiotropy, or reverse causality. PoPS
analysis prioritized 32 candidate genes, among which ADAMI12 and KYNU exhibited differential
expression in gastric cancer tissues and were significantly associated with overall survival.

Conclusion: Genetic evidence suggests that mood swings may represent an important psychological
phenotype associated with increased gastric cancer risk and retain an independent association among
multiple psychological traits. ADAM12 and KYNU may serve as prioritized candidate genes for future
mechanistic studies. These findings provide novel genetic insights into the relationship between
psychological factors and gastric carcinogenesis, although the underlying biological mechanisms require
further validation.

Stomach Neoplasms; Psychological Phenotypes; Mood Swings; Mendelian Randomization Analysis; Genetic Associ-

ation Studies
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AR PR . Horh, E2Ish s R T 2K
e 4 H B A AR AR B0 BN E B A
T A5 B, S WA R T A0 2 S e e, T
JE ™A Wi K12 W S B R IR A s FR &/ & i
BT 2 T A R A R R P e £ TEOAH DG AE R B2
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SRR A gl . FRIE L AR R A 2 A A R H
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Fz1 DEEXBRESBELE GWASEHIERIE
Table 1 GWAS datasets of psychological phenotypes and gastric cancer outcomes
AR BE D FRAIE PN A SNP %k
ukb-b-14180 175 451 3h el 451 619 9851 867
P ukb-d-20544_15 FE P2 )T AR R A el 117 751 13 571 547
*g' ebi-a-GCST90018833 HAR BRI 449 414 24184 163
ebi-a-GCST90029028 2SR el 393411 11 968 760
g ebi-a-GCST90018849 B BRI 476 116 24 188 662
- bbj-a-119 L R 202 308 8 885 324

1 - SNP Ol U AT IR 22 A5k

Note: SNP refers to single nucleotide polymorphism
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Exposure SNP Method OR (95% CI) P
AR (ebi-a-GCST90018833 ) 39 IVW = 0.924 (0.836~1.021)  0.119
MR-Egger ""E' 0.861(0.701~1.059)  0.164
Weighted median o 0.897(0.776~1.037)  0.142
Weighted mode "? 0.883(0.758~1.030)  0.122
1&2570% 8) (ukb-b-14180) 223 IVW e 1.708 (1.075~2.713)  0.023
MR-Egger I 1.497 (0.689~3.882)  0.051
Weighted median 2.174 (1.089~4.343)  0.028
Weighted mode 2.377(0.580~4.736)  0.100

SRR 2 Al v M A R RS (ukb-d-20544_15) 33 IVW

i 0.356 (0.120~1.054)  0.062

MR-Egger 0.438(0.057~3.371)  0.434
Weighted median 0.668 (0.134~3.327)  0.622
Weighted mode : 0.542(0.135~3.327)  0.394
HI 285 (ebi-a-GCST90029028 ) 258 IVW ':' 1.000 (0.947~1.056)  0.999
MR-Egger e 1.081(0.875~1.337)  0.469
Weighted median 'I" 1.037(0.957~1.124)  0.371
Weighted mode [ ";H I 1.078 (0.888~1.309)  0.448
01 1 5

OR
AEIRBS: g XU

E1 BEEWHAMRSHEMOEEXRES BEXKEHZRKE

Figure 1 Forest plot of univariable MR analyses of four psychological phenotypes and gastric cancer risk
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W1 5 B MoK 230k T4, SRR piEse g R

R E A B R o Ry — 20 ik 3 P 4
SRR E MR, AT ST X1 2 B 5 RO N g
KU 1) 5 B FF )& leave-one-out 73 B (4h 72 €] 1A) |
B SNP ZRAREL (Rh 7B 1B) L e (bR 1C)
K B (R EID) o S5 IR, AR MR J5 ik
18 24 L Ty 1) AR — 2, T S B R 4 s B AN X R
5y A leave-one-out 23 M7 7N, 1% — S B& B> SNP
J& BRSO T ] A e A= WYtk iR R OR A 25 Uk B
558 9 R 22 [8] 79 0F [a] 5056 R L — T2 AR i
Kz,

F2 DEAXRVEFLNNTETSHEEITME K Steiger 77 [ 145045 R

Table 2 Instrument strength assessment and Steiger directionality test results for psychological phenotypes

i 455 SNP%k F4 et SFHF PLF  Steiger 7 I
HIA (ebina-GCST90018833) iR A= 23 19.49~26.67 21.64 21.13 A
WY 9 39 19.49~26.67 21.35 21.13 T
I (ohieaGUSTO0029025) A= R 258 18.35~80.76 29.50 26.87 BEs
WU 9 313 18.35~117.82 29.29 26.45 S
455 (k- 14180) AL 180 19.53~63.74 27.82 24.74 T
WU 5 9 223 19.53~88.31 27.83 24.44 f
FRAR MR AR (kb 20544_15) LR 119723222087 2048 e
W 15 9 33 19.54~33.11 21.46 20.86 XHF
3 BTLTEWHERMRUBRESTER
Table 3  Sensitivity analysis results of univariable two-sample MR
nE IVW 5 it MR-Egger 5 it T 3 TREAG 4G
Q P Q P P
B (ebi-a-GCSTI0018833) 51.641 0.069 50.848 0.064 0.008 0.010 0.452
HZE IR (ebi-a-GCST90029028) 290.026  0.809 289.647 0.802 -0.003 0.005 0.539
155 450% 1 (ukb-b-14180) 244.129  0.147 244.111 0.137 0.002 0.010 0.84
SIS/ 2 ik 2 P A (ukb-d-20544_15) 34239  0.361 34.177 0.318 -0.003 0.011 0.814

2.3 RILAHBREHEENIMBIIELR

Y TAEWCM R E ot P AUE 25 03l 5 B e
AR 52 BAPE DG, ARBFSE 3 — 0 R AR W AHEE
I GWAS B X iz 45 SR A7 MR Bk . 45 2R o
5 26 U B 7E R S NHE TR VW R 7 1] 5 BRI A
BEFE R HE— 20, ORI RE RIAE 5 H 98 KU
FhE A, (BG83 243 98 A XF A FR (OR=1.747,
95% C1=0.999~3.056, P=0.050). HNAL {7 5k 45 5]
B 25 SR B A R 5 ) (OR=2.156, 95% CI=0.952~
4.882, P=0.055), {HARIXBNG 52 L; MR-Egger
FUMAE AR IR A UL 25 I (K12) o BRI,
VAN T AR s o N5 5 S e <2 - Y (£ % @ [V
DS FE e —8, HIVW 45 1 A4bF i 2 B &K
S, BRI 2k 2 5 R XU TR = (R A DG 1K TR
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IREAEAE — A G, ARt — S R A&
MR 5381, DAIFA & BB AEM BB AME TN S B
AR 22 [B) (R i 7 Sk . B S R, 7 R A g0 A O b
DA C R ER G, MR 2 — 5 B X
B ST A G R R . 248 5 MR-IVW 3 B, 1
25 0% 2h 5 8 9 AU 1S 0 I8 3 AH DG [ B=1.193, AR ifE R
(S.E.) =0.565, OR=3.296, 95% CI=1.089~9.982, P=
0.035]; £ 78 & MR-Egger 7 i &5 R 5 2 & JF — %
(B=1.191, S.E.=0.566, OR=3.291, 95% Cl=1.085~
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9.982, P=0.035). AHILZ T, HAR. P& o Al £E &
AH DG R AR Z2 748 e A5 R v 4 K 0L ¢ 3] i 35 0 37 8K
N (¥ P>0.05) . RSN, 7EZ R0 B
FAVH IR S, 1G4k sh SR R B8 5 i KU
T A A S DG IE, T Gt 2R BE R 2R B AR E 1Y B
FERON . e, BT MR-BMA 45 B — 4308 7%
— KW, MAMEETD, EHWE I MIP &, N

0.935, H. % Benjamini-Hochberg % 1 (BH) J5 % &
MAAGIEE XL (ARG P=0.012); A =5
B MIP AR, HRRIER Z RIS E X
(£4). ZERER, NZHBPFYRAESR, b
25l sl BT RE S 1 R XUBR A G B9 32 0 B OG
R

Exposure Outcome  SNP Method OR (95% CI) P

T&52505 80 (ukb-b-14180) bbj-a-119 180 IVvw R 1.747 (0.999~3.056)  0.050
MR-Egger ' 2.038 (0.135~30.672) 0.607
Weighted median i 2.156 (0.952~4.882) 0.055
Weighted mode E 3.304 (0.449~24.279) 0.242

\ \ \

0.1 1 5

OR
RIRUBS: 2 AU
B2 1BHEEHERITARBEREX R IMBIGIERKE

Figure 2 Forest plot of external validation analysis for the association between mood swings and gastric cancer risk in the East

Asian population

&4 ZEEMREMR-BMASHTER
Table 4 Results of multivariable MR and MR-BMA analyses

e NP ZAFEMR-IVW 8 £ A5 MR-Egger 8 \ip P.adjust
S.E. OR(95% CI) P S.E. OR(95% CI) P (BH)
I (ebi-a-GCST90018833) 355  —0.067(0.049) 0.935(0.850~1.029) 0.171 -0.061(0.063) 0.941(0.832~1.064) 0.334 0.114  0.998
HHZ % (ebi-a-GCST90029028) 355  —0.109(0.067) 0.897(0.787~1.022) 0.103 —0.108(0.067) 0.898(0.787~1.024) 0.107 0.178  0.998
1546 W5 (ukb-b-14180) 355  1.193(0.565) 3.296(1.089~9.982) 0.035 1.191(0.566) 3.291(1.085~9.982) 0.035 0.935 0.012
FEIR /AT G iz MR AR
B8 (ukb 20504, 15) 355  0.837(0.600) 2.309(0.712~7.483) 0.163 0.840(0.601) 2.317(0.713~7.526) 0.162 0.113  0.998
i -d- L
25 ZTEMRERMESTLER £5 STEMREBRESTER
FE— 1AL £ AR MR 45 g Ra v, AR Table S Sensitivity analysis results of multivariable MR
NN NIT R Y, \»Iﬁ Z R NN
G 2 AU T 5 B MK 2R R % Bﬁﬁi‘; ) SR LS
. N IVW 57 Jir 1R 55 ( Cochran's Q 366.968 —  0.268
%k 5 IVW #E 28 Cochran' 41 &5
R e —Er ochran's 5 Jrf o £75 B MR-Egger 5 FUHERH (Cochran's Q) 366.941  —  0.256
=N = N
366.968 (P=0268) , Z 4% B MR-Egger £ 3¢ T 275 5 MR-Egger BRI 55 0.000 0.002 0.873

Cochran's Q 4t i1 4 366.941 (P=0.256), % UL
FHR . SUHRE, 2748 & MR-Egger # I 1 it
FJ0 (intercept<0.001 . S.E.=0.002, P=0.873), A&
N2 (£5), Wik, 2485 MR 487
rh L% 3 1) 15 45 D 3 5 R XU A8 ST T ) DG K
AN K AT RE B S 2 S R BOK S 2 8 T ak g, E
— DR TR E . B R RN
TAR . AR RN 2 By | T 0 BLAH O & A R A,
W1 22 18] W] BEAF AE — E AL A G, R 28
MR & MR-BMA &5 J A7) R 45 & B8 & MR, A1 56
UE R 3 B 45 R 25 B i R

2.6 PoPSEEEREHIER GEPIA2 IELE R
BTG 45U B o o —TE B AR R AT L AN
UE e 2272 15 o A v Y R A SRR BAME B8R, AT
FE i — 25 %5 FLAH DG A7 55 F i€ PoPS 43 B o 25 S AL i
e 32 AR R MR L L K, A4 CD5. TLR4,
SPIl . MAPK3., EPHBI., SLC7Al1l1, ADAMI2,
CDH6., KYNU, MYLK, FOXN3 fIKMT2E %5 (#%6).
Horr, FB AL Y B I 4B R 5 PoPS I 5 gk A
— %, 40 TLR4. EPHBI. LONRF1. PRKDI.
ADAMI12. CDH6, CNTN5, KYNU, SHISA9,
MYLK . FOXN3 Fl KCNA4, 4575 3 46 5L P4 7] fig 5 1%
245 B A OC 1A% O i BT — 2 T REOCHE , JF AT AR
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RGN R R N LR, P ET
GEPIA2 V- &5 F J|E TCGA ¥X & GTEx 345 431 J5 & 2R,
1 E R LR o, AL ADAMI12 Fl KYNU [a] B 26 2R
B E AL E R A SR B 2 5 R KT
Ja M. Horf, ADAMI2 7E BB b Rk B
e, HmRBABAELW (overall survival, 0S)
W i %% %% [Log-rank P=0.011, HR=1.5, P (HR) =

®o (RN IERRFRMER

0.012] (& 3A). [RFE, KYNUZEB AL PR g e
TR, B RIKA R H OS IR W 3 i # [Log-rank
P=0.027, HR=14, P (HR) =0.027] (& 3B), x4t

45478, ADAMI2 A KYNU ] fig E“f*é%‘?fx”iﬂﬁa‘é

BAL A PR — P R e i R N, (H
E%%M‘%%éﬁ?&ﬁl%%%NB@ZI‘@E‘J%E%%%
JR LY RE L it — B Rk

EEE B PoPS DT LE R

Table 6 PoPS analysis results of representative candidate genes associated with mood swing

rsid Tl &3 PoPSFE[A PoPS -4 rsid FRIT AR PoPS FE[A PoPS 14>
rs1037448 TMEM138 CD5 0.833 12012505 ST6GAL2 RGPD3 -0.176
510462485 CETN3 POLR3G 0.219 152066928 CDH6 CDH6 -0.937
rs10983775 TLR4 TLR4 0.729 12435554 CNTN5 CNTN5 -0.008
rs11039154 ACP2 SPI1 1.223 12483509 MIR6133 EXO0C4 0.180
rs11589577 MTR EDARADD 0.350 128694084 INSIG1 RBM33 0.269
1511599236 SORCS3-AS1 SORCS3 0.128 1535789697 KYNU KYNU 0.268
rs11645581 SMGI1P5 MAPK3 0.837 14527008 SHISA9 SHISA9 0.416
rs11720128 EPHB1 EPHBI1 0.084 rs4585149 C3orf55 VEPH1 -0.066
rs11728841 SLC7A11-AS1 SLC7A11 -0.739 156786268 MYLK MYLK 0.471
rs11780194 LONRF1 LONRF1 0.104 rs6811019 FNIP2 C4orfd46 0.188
rs12231451 PPP1CC HVCN1 0.488 1s68126243 FOXN3 FOXN3 0.130
rs12761166 EMX20S PDZDS8 0.014 1s6963979 LHFPL3-AS2 KMT2E 0.750
rs138315672 C3orf38 ZNF654 0.091 rs697311 KCNA4 KCNA4 -0.179
rs138788751 PRKD1 PRKD1 -0.518 1573030391 ZNF507 ANKRD27 0.016
rs1466356 ADAMI12 ADAMI12 0.131 rs736699 KCNK3 MAPRE3 0.188
151612698 LOC284661 AJAP1 0.016 1577436242 LOC101928937 ANKSI1B 0.432
Pl = — iR
— — ERIAL
: 5| P=0.011
E HR(#5)=15
E 4 e o P(HR)=0.012
= o A n(F)=191
% & ; n(}fé):l‘)Z
= 3 -g[dj M :
= e U oS
£ 2 Bk -
£ 0.2 '-| - :
g 1
=
0 a L 0.0_ T T T T T T
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TEAZ (n=408) ; IEH 4121 (n=211) el () A
0S
- 1.0 — fiRkk
~ 1 — Rkl
6] : P=0.027
% 0.8 HR(i5)=14
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g & 0.6 n( =192
ED ] 4 n(fi£)=192
IE gﬁ 0.4
i 02
§ L
=
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Figure 3 Differential expression and OS analyses of ADAM12 and KYNU in gastric cancer
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