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R LK BRI AR . BEXUEANRIMR, fHiEH 5 BREAEERNERERANBERER. BIFHP
HARIRFEN AL (Two-Step MR){i%E H7E B AL S B % 2 [R2 2] ME A BB R R A A 3B & H
Bl G58R: A FEEXUEEAR X RIMR A HT R I 470 B B A8 R R NE R 5 B fFAE R
MERAXR. FMEBRAS BBPIMROTTERF, H4MfRS BREEMRX. Two-Step MRS
RER, BHUTESBERBZMEERERNRRRR, BEBIEMH(18:0_22:6)FE X FEBHMMEM [N
HBl =7.51%, 95%CI(-1.84%,16.87%)]. Fi, L-EFREREWERERKFEES BREZ RBAAE
BEARERXR, BEBERB0-16:0 18 1)EXPREB|FMER[FAHA = -13.57%, 95%CI
(-30.65%, 3.50%)]. 4e: AHRLERBERTHEFEBESBREZAIKNBERERXR, ELT HMHBHEREER
FARBHEBE S BREKEMZEBMHRRANS, A BRI ERIEIRAL T3 B,

Xiid
FrlEERE, MAEMRRE, BE, LE/REENL

Associations of Gut Microbiota and Plasma
Lipidome with Gastric Cancer: A Mediation
Mendelian Randomization Study

Wenhao Liu, Changjun Yu"

Department of Gastrointestinal Surgery, The First Affiliated Hospital of Anhui Medical University, Hefei Anhui

Received: Mar. 27t", 2025; accepted: Apr. 22"9, 2025; published: Apr. 28", 2025

SHREE .

XESIH: X, RER. BB WA KA A S B2 R SCHE: — I A d i REALLET F[]. IR s 223t
J&, 2025, 15(4): 3200-3208. DOI: 10.12677/acm.2025.1541287


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.1541287
https://doi.org/10.12677/acm.2025.1541287
https://www.hanspub.org/

X3, RER

Abstract

Objective: To investigate the causal relationship between gut microbiota and gastric cancer using
Mendelian randomization (MR) and explore the potential mediating role of plasma lipidome in this
association. Methods: Data on gut microbiota, plasma lipidome, and gastric cancer were collected
from the GWAS Catalog and IEU OpenGWAS Project databases. Two-sample bidirectional MR was
applied to identify gut microbiota with positive causal effects on gastric cancer. Two-Step MR was
used to screen lipids mediating the relationship between gut microbiota and gastric cancer, and to
calculate mediation effects and proportions. Results: Two-sample bidirectional MR analysis identi-
fied 4 gut microbiota species and 8 microbial metabolic pathways with positive causal relationships
to gastric cancer. Four plasma lipids were significantly associated with gastric cancer in MR analy-
sis. Two-Step MR results showed that Bacteroides faecis had a significant causal effect on gastric
cancer, mediated by phosphatidylcholine (18:0_22:6) [mediation proportion: 7.51%, 95%CI (-1.84%,
16.87%)]. Additionally, the L-phenylalanine biosynthesis pathway was significantly associated with
gastric cancer, with phosphatidylcholine (0-16:0_18:1) acting as a mediator [mediation proportion:
-13.57%, 95%CI (-30.65%, 3.50%)]. Conclusion: This study reveals causal relationships between
gut microbiota and gastric cancer, and confirms that the effects of two gut microbiota species and
metabolic pathways on gastric cancer are mediated by two lipids, providing new insights and meth-
ods for gastric cancer prevention and treatment.
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1. 53|

B e A ER A TOKH IUREAE, RTINS o2 5 TR W WU AESE IR, AP AR AR B AATTRO (1] 3
SRR AERVE N TR I B R AR R AT 12D ETRIRES . R B AR RIS, (HPR DI R 1 7 300
REAK A KR ETB, 2 BB Eiisn R BIG I, X REPW T EFNBUS2]. BEEIR
IRBARIRES, S Bein T MEBEENG T RN B e i) —2an )T Th UG AV SCR, HIBRH 5 FEFR
oAb FRURAK (3] Ik, FRAWEIT B e AR A R RN, 32 e 5 AR DU S4BT (a7 ik e
FEJEIE -

NPT KRR, bR HR A THATEN, BATREVCOVERR4]. BEEAN
AT B BT TURIER N, HAE NS AN RS P O P AR AT 7S o il BT X 4 AR A2
SEMPP RS BEAE, WA SR IR R & SEE MR KA. FEdERY,
RS CAEL R T DL BRI £ A IR 22 R AL R SR 1A A A R R AP AR A B AR (5] (6]

Jo 3 G T I AR R AT L SN S BT T AL A AR A 2 AR AR RS AR AR K
J&, FEWAREAE R TS o IR B i L B AR N AR SSBE R VR R T P e A IR ) %
A BARUL R A e R h AR A B A7) RLEEIRBUR A SSRGS ThRE, N ANEN 2R RIER
ANSERAE LABE R o B At IXARAF IR LR o O R 8 PR JAE . 1 B S oI DL SR 55 25 Pl s (14
HEPIR[8]. Wil R 75 RE v 8 19 B R AR oM B e X A A A R e AR R SR O AR ML ) i
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K. ATl R BEHLIL(Mendelian randomization, MR)IE T 45 & MR A1 A8 AR5, e~ 2
Fa . thA ARG R T A LR, U AR A e AR B AR D R R AR R VR . DRI, ARHE RIS MR
THERFC IE RS B R SRR, T Wk R e b4 A il A R
2. ERERE
2.1. Wit

FEARWE T, FA 1 4= 3k R 4H S BEAF 7T (Genome-Wide Association Study, GWAS) ¥k, K #A%H
% 5 %: (single nucleotide polymorphism, SNP){F Jy T. 4% & (instrumental variables, IVs)iZ4T MR 747, il
BUFEAR XL MR SRR T 18 B A 5 B [ B RO R, IF DAL IR HY 5 15 e A7 78 S5 385 AH OGP 1) i
. ZJa, KH Two-Step MR 77 ik B iR 52 15 2 5 /1 W TE BERERT B 0 I 520, i a2k A rh o 2008
e, It MRS5S il R B el A 1,

I 3% fg R 41
Stepl Step2
BNAEB1 BMIEB2
MBRIB3
JiZBCE:<Fisa B
A B R=B1*p2

rRA L= 1*B2/B3

Figure 1. Flow chart of the Two-Step MR analysis
B 1. Two-Step MR #3472 &

2.2. WHEFKIR

A5 R T BRI AR K H T GWAS Catalog (https:/www.ebi.ac.uk/gwas/), F:EL$E 207 A~ 28
DA 205 5B BEACHTEER (95 N: ebi-a-GCST90027446 % ebi-a-GCST90027857). 15 il KI5 T IEU
OpenGWAS (https:/gwas.mrcieu.ac.uk/), % 1029 1 B i1 F1 475,087 5i%F FEB 1. 1fi 5 A5 03 4H £
(45 N: GCST90277238 % GCST902774) KT GWAS Catalog (https://www.ebi.ac.uk/gwas/). Z%EHf il
X 7174 4475 22 N2 e R 2 AT A BE N L T R 45 A 377,277 4 FinnGen $04 e P (1) 2 5 3 204 A1
T 179 MR, Wi 13 MEFI.

23, BETRATENERE

AW SNP 1 it B B A I 2% AR 2 1) TVs ITRDE R P< 1 x 1075, T7E BRI TVs 13k
Ferp, M T P<5x 1078 3X — O™k TfE 26 o A2 LBREBIA-T#i(linkage disequilibrium, LD)H ,
BATE R % 0 K/NEA KB = 10,000, I BN 12 < 0.001 KAEA LD (240, ik 5 145 4
WRATEAERF G 261 (0 SNP, M F4RACEE SNP R . 25, PSR IHAT Yl Fibrdi b AbEE, Bk RS0
FURESREE . G UAF =R (n —k—l)/(l —R*)k ., (n IREFFEARE, k1R SNPs [R0ER)X— 5L ASE
NTEHE AR, BLF> 10 AbndE, 7 5 5 EE SRAR DG SNP fE N 1Vs.

2.4. BURSHT
BT Mgttt it FE7E R 4.3.2 (http://www.r-project.org) Fi#4T, FEHEIT MR 04T FE R, ASHT
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FAEH T “TwoSampleMR” 5 11185 77 22 A2 (inverse variance weighted analysis, IVW). MR-Egger. Il
BUAEF(Weighted mode) AL R4 7% (weighted median method) LA A i B A5 % (Simple mode)ikix F
ST Hob IVW iR B BEIR 7, A IVs 2 IVW 1) P < 0.05 B AR 772l v i)
PR DT 10— B, WTLA N R 5 45 )R L IR AE 2 2 K

AR XAEAR MR i 815 21 2 5 545 5 2 M PR OC &R, i I n) o A /R B LA 1 o 2 2
5258 2 AR S R OC R A3 I 3E B B e 2 8] B R SRS A SR8 . {8 Two-Step MR
J3E5y p vk S i TR S R BT DR R AR BT B e R R AN, FIA “ RBORAR iR R AR
Bio FABRIG] = H RN R x 100%. B f s delta vETHE A EEI Y 95% B A5 [X 7] (confidence
interval, CI).

WS Q e RV BE i % itk . i3 MR-Egger ##72:f1 MR-PRESSO -3 F A5 5 /K T £
R o AR B — A8 VT AS FR A SNP S 4 [R] SR 2808 ) 5 0 o

3. 58
3.1. FEREHSEENERYM

N IIE RS BRENR ARG R, AR BFEARE MR 738777, 1E Prvw <0.05 [RFR#E
N, RUILE 4 FilpE R e 8 PR UNER S B BEF W IEM R R R, HifH 2 FlpiEmEit
6 ZEBARHIEEE S B R EXK R IEMHR: L-2KAZ B (L-phenylalanine) = ¥ & 08 8 HI = EE[OR
=1.091, 95%CI (1.011, 1.176), P = 0.025]; H L ZEEEEL-8 (Menaquinol-8) =4 & Al B 11 =F FE[OR = 1.146,
95%CI (1.010, 1.299), P =0.034]; F % K Hi(Veillonellaceae) [OR = 1.167, 95%CI (1.045, 1.303), P = 0.006];
CHERE R A IR . HIR. SRR CRRAUHE S I EE[OR = 1.175, 95%CI (1.030, 1.339), P = 0.016];
KX AT B (Bifidobacterium longum) [OR = 1.189, 95%CI (1.031, 1.371), P=0.017]; H #& FHi(Mannan) % fi#
ARUHE K ) EFE[OR = 1.210, 95%CI (1.050, 1.394), P=0.009]; ZEHUATFH (Bacteroides stercoris) [OR = 1.225,
95%CI (1.018, 1.475), P = 0.032]; JR# ¥.f%E2(Uridine Monophosphate, UMP)4:47) & il % (1) 32 E[OR =
1.387,95%CI (1.064, 1.808), P=0.016]. A 1 FifiziE A 3 2cARUTE S 5 B I A 4 KU B A OC: K
F#fi# Al Entner-Doudoroff 1 8 1) =F FF[OR = 0.836, 95%CI (0.707, 0.987), P=0.035]; 6-F% H 3k — S itns
T #2(6-hydroxymethyl-dihydropterin diphosphate)E 4 B B 14 BE[OR = 0.888, 95%CI (0.802, 0.984),
P=0.023]; L-ta% 2 (L-tryptophan) 4= & Bl % 1) FFE[OR = 0.890, 95%CI (0.811, 0.978), P = 0.015]; X,
EKEIIAT B (Parabacteroides goldsteinii) [OR = 0.910, 95%CI (0.839, 0.988), P = 0.025], VW% 1. HAfr
HEERYERT Q MIAESLAIEAE R, MR-Egger #FHIEITAL AT 2300, B — 0 b g 5l 4%
—> SNP, ZERA KA REL.

Table 1. MR analysis results of gut microbiota and gastric cancer

1. HEEESBREN MR iT4ER

Ery s g & Jrik: SNP OR 1H(95%CI) P1E

B VW 17 1.175 (1.030, 1.339) 0.016

. . H MR Egger 1.340 (0.871, 2.063) 0.202

CUERE & B 2R LR .

R\ LEEAN ZBRACIgHE I 1 B Simple mode 1.197 (0.966, 1.483) 0.118
F _ _

e Weighted median 1.205 (1.034, 1.404) 0.017

B Weighted mode 1.235 (1.041, 1.466) 0.028
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=F VW 6 1.387 (1.064, 1.808) 0.016
=] MR Egger 1.399 (0.500, 3.917) 0.558
REEB %igﬁﬁi@%m B Simple mode 1.397 (0.914, 2.134) 0.183
= Weighted median 1.391 (1.005, 1.926) 0.046
=R Weighted mode 1.386 (0.956, 2.009) 0.145
B IVW 6 1.146 (1.010, 1.299) 0.034
B MR Egger 1.262 (0.661,2.411) 0.520
ﬁﬂ%%@ﬁ@i:ﬁ;ﬁ%éﬁiﬁ&% = Simple mode 1.178 (0.934, 1.485) 0.224
= Weighted median 1.160 (0.984, 1.368) 0.077
B Weighted mode 1.182 (0.992, 1.407) 0.120
e IVW 15 1.091 (1.011, 1.176) 0.025
=L MR Egger 1.210 (0.865, 1.692) 0.286
L'ﬁﬁﬁmigé&ﬁ%% =F Simple mode 1.077 (0.940, 1.235) 0.303
=EE] Weighted median 1.083 (0.975, 1.202) 0.137
¥ Weighted mode 1.068 (0.942, 1.212) 0.322
=R IVW 7 1.210 (1.050, 1.394) 0.009
B MR Egger 1.878 (0.902, 3.912) 0.153
R MEW%E%E@$ H Simple mode 1.275 (0.951, 1.710) 0.155
=R Weighted median 1.292 (1.067, 1.563) 0.009
B Weighted mode 1.286 (0.963, 1.718) 0.140
8 IVW 12 1.167 (1.045, 1.303) 0.006
B MR Egger 1.122 (0.699, 1.802) 0.644
SN B Simple mode 1.182 (0.967, 1.446) 0.131
=R Weighted median 1.154 (0.990, 1.346) 0.066
B Weighted mode 1.156 (0.963, 1.388) 0.147
ER] IVW 11 1.189 (1.031, 1.371) 0.017
B MR Egger 1.613 (0.859, 3.030) 0.171
KB B e Simple mode 1.170 (0.914, 1.497) 0.242
=E5] Weighted median 1.147 (0.957, 1.374) 0.139
B Weighted mode 1.222 (0.981, 1.521) 0.104
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=R VW 7 1.225 (1.018, 1.475) 0.032

=L MR Egger 3.885 (0.470, 32.100) 0.263

FEWAT R S Simple mode 1.050 (0.702, 1.570) 0.819

B Weighted median 1.151 (0.915, 1.447) 0.229

= Weighted mode 1.044 (0.754, 1.445) 0.804

= IVW 14 0.888 (0.802, 0.984) 0.023

H MR Egger 0.849 (0.588, 1.227) 0.400

62;?;%?;;@% i Simple mode 0.847 (0.687, 1.044) 0.143
=R Weighted median 0.853 (0.738, 0.986) 0.032

B Weighted mode 0.865 (0.732, 1.023) 0.115

ER] VW 7 0.890 (0.811, 0.978) 0.015

B MR Egger 0.788 (0.458, 1.357) 0.429

L'éﬂ&i%ﬁ%ﬁi@ﬁ HHE ] Simple mode 0.843 (0.712, 0.997) 0.093
=R Weighted median 0.884 (0.785, 0.996) 0.043

ER] Weighted mode 0.871 (0.741, 1.024) 0.145

=R IVW 9 0.836 (0.707, 0.987) 0.035

B MR Egger 0.484 (0.042, 5.570) 0.579

L @%iﬁ;g&eﬂg?gmﬁ = Simple mode 0.776 (0.544, 1.108) 0.201
=R Weighted median 0.835 (0.677, 1.030) 0.092

B Weighted mode 0.776 (0.547, 1.101) 0.193

B VW 6 0.910 (0.839, 0.988) 0.025

=] MR Egger 0.704 (0.408, 1.213) 0.274

RO B B Simple mode 0.972 (0.829, 1.141) 0.743

=R Weighted median 0.951 (0.854, 1.059) 0.358

=R Weighted mode 0.980 (0.841, 1.143) 0.810

3.2. PERRER BRI

RHAEA MR J75 508 MR BB 2H 5 B e C IR IR G & o TRt 4 Mg 5 B e A7 A2 3 1
FRFR. Hrh, BEIEBEH(O-16:0 _18:1) [OR = 0.904, 95%CI (0.829, 0.987), P = 0.024] 1[I Fk 2. BE 1%
(16:0_18:2) [OR = 0.956, 95% CI (0.915, 0.999), P = 0.045[¥1 7K V- T 5 o] FAAR B 9 & AL XK . 52 M,

T AR R AEBR(18:0 22:6) [OR =1.094, 95% CI (1.011, 1.185), P=0.026]FI# £ i 14 (d42:1) [OR = 1.087, 95%CI
(1.008, 1.173), P = 0.030] I /KTt AT e 2 B g i & A . TE LS 2.
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Table 2. MR analysis results of plasma lipidome and gastric cancer

2. MEKIEFRES BRI MR SHEER

Ery s g & Jrik: SNP OR 18(95%CI) P1H

B IVW 27 1.087 (1.008, 1.173) 0.030

= MR Egger 1.101 (0.929, 1.305) 0.276

AW (d42:1) =L Simple mode 1.097 (0.951, 1.265) 0.217

B Weighted median 1.099 (0.990, 1.221) 0.076

= Weighted mode 1.092 (1.002, 1.190) 0.056

= VW 24 1.094 (1.011, 1.185) 0.026

=L MR Egger 1.029 (0.821, 1.289) 0.807

T MR e AR (18:0_22:6) B Simple mode 1.112 (0.918, 1.348) 0.289
B Weighted median 1.071 (0.953, 1.204) 0.249

e Weighted mode 1.057 (0.917, 1.218) 0.454

B IVW 22 0.904 (0.829, 0.987) 0.024

= MR Egger 0.838 (0.598, 1.175) 0.317

T e B AE AR (0-16:0_18:1) =F] Simple mode 0.951 (0.792, 1.141) 0.593
=R Weighted median 0.949 (0.835, 1.078) 0.421

=L Weighted mode 0.951 (0.800, 1.130) 0.572

= VW 20 0.956 (0.915, 0.999) 0.045

8 MR Egger 0.989 (0.902, 1.084) 0.810

WENETE LB (16:0_18:2) B Simple mode 0.970 (0.892, 1.054) 0.482
= Weighted median 0.968 (0.911, 1.027) 0.281

B Weighted mode 0.972 (0.917, 1.030) 0.348

33. FAYMMATE

NESIE LK AR A B AER, B R L3 T TR A b, 45 SRR BB AR IR AR AR(18:0_22:6)1E 7]
NS T EPAHE S B AR R R [RAH] =7.51%, 95%CI(—1.84%, 16.87%)]. it A Bk AH 85l (O-
16:0_18: D) A3 T L-2K N2 AL 46 ol B 19 = 5 5 B i 2 A0 (9 IR SR SG R [P A HL ) = —13.57%,
95%CI (—30.65%, 3.50%)].

4. g

AP ST I IS XRE A XL ] MR 23 M VP AS 718 WS B 2 IR G R, Bl T 4 PllizmiE wise & 8 %
J B RS HE M 5 B A B E IR A R R R AEIERE b, @ PRS0 R I, B
JHAF(18:0 22:6)Z 5/ F T AT 5 B < MR KR BEIEEEIEHO-16:0_18:DHIIZE5NF T L-
RNEIREY) A BB FE S B2 MR E R R,
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FEWAF B & — PP 2 PR DA R, EnT DUK R 2 M KA, 7 AR R BE R DT IR S A P ot E4E
FelpE bl AT ThRe . S TR R REER . AR FCEE MR AL, SRR R
5 B KRR IR DG ST B 0T BRI 0 e I BB AR R R (4 IL-6+ IL-18 TNF-
a), WRIGTERAE . FREESIESE 24007 B FiEPF R, 0% NF-«B. STAT3 &8{5 Tid, (et
FEAFHHIRE T[], B2 SECOHTYE T 408 (Tregs) F1&E Y& 14 #1171 41 ffd (Myeloid-derived suppressor cells,
MDSCs)[F AT =7, FPHIHuIRE S )R BI[10]. X EEHLE AT B2 24U B F A = e ik B s K AR R
SRR o AHOCHIFFCUESE,  FERIAT B8 72 1 15 B0 FE i e We AR ARAE P B B AR k335 BR8P 1 o
CLERERZM FXR A1 TGRS PHIT R 32445 5 SR e MU 2 FEAR-1 (GLP-1) 73k GLP-1 {8 —Fhifk
FIK, R IR iR 25 T E R IR RS SACU R AR 11, bl SERAT LI I SRk i g
(BSH) VB BRI ZH R, 42 i IE v IR AR s b v sz e JIig o AR [ 12] [13]

L- RN BRA WA OB B 1) F FE R T e B — MalR R R . LR BRAY6 BOs i i)
T RINZ 5IR N AR A I FE AL (8] =4 () B BE AT T AR 2R T s IR AR
FI<ERg, KN IR 2L EE(Phenylalanine Hydroxylase, PAH) T IESE AT (R BB FE AU R A2 R . PAH &1
(0 T e 2 (IR B 422 366 IO 119 S T8 4 P 2 11 2 5 2 ) RS SR AR vy 4 () B4 0 e B S AR 48[ 14] o [
I IR I 2 R R A SR, 52 T 4B M BvE e L D Re,  SIHIHAE PR s OB, AR
R R BIE A R A . RN AR = W 31K 7K 578 T vt 1T R A2 el B i A6 R R BRI FE AL
o WIZRPTERER 7] 25 40 H 5 PEAU(ROS) AR B, 5% DNA FIER LRSS ARV Ry, SRR RAZ LA
STy Re R AL[15]. BREAE AU TR, i b B (138 o e SR R AU 5 I AR W AR AR AE QTG R RN
RN ERACU 12— (R L O WA AT DA R N DT AS 1, 3X W] RE 2 Jl T B 1 OE e 48 T U R & 1o e
TN T AR RV AEAE I BLII[16]

AT FEAE B 1 e o AR i B R S B R R RS R E R R . Horh, B R TR AR BR(O-
16:0_18:1)E 2 1A - SAE T, B AR BEAEAR(18:0 22:6) & 1E A A S AE H - B AR EEABER(O-16:0 18:1)
] 5 8 A LA AT g 5 2 5 1 4 SORE AN S A LI R DL B 24 4 44 i 5 445 R R R e A DR [17 ] T T
JIE T A 18:0_22:6) i i3 15 3 1) & A WU ] R 5 AR = 0 R 7K P28 4 DA S AR R S G O o 5 i I Tk
JEGR S DA 58, PTRE S BB DR 3L DR A BT AL RE 71 T BEdE I s i A R A K Je . NI
Tt HEL Bl A 3 77 A4 1 2 b A A 1 0~ (A L s P MLl A ek ke 1 L) P DA e e I 8 AE {5 5 18 I B
VE N B B RUF A = 431 R P 4H 0 P 4 S AR (18] B AETE D2 (PLD2) ] 38 ik 7K i B4 i P L = A=
WEARIR, WEARIRIE DN PIBK/AKT {5 5Bk I OC BSOS 71, HARIE/K 1 BT b iE i) K A2 (191 XN
PATVF T N TR AR 5 B e 2 [A) (A P AL A 1 3 e S o

A FAAFAE—E R BR I (1) A SCIEE RIS RN TE, s &5 1R ] e 20 A T I A
o ARPBOZAEA FIFVRBA R AT AT, BN R nIEE. (2) T GWAS HdlE /K-t AT it 7t
ToVETE AR Z MR . (3) ERANTERER GWAS Hlt, BRAmAIHEED, SRR Ea)R
BRAE, AR SRHIT 78 AT DL KA E B AT I0E . (4) AR A R TR A 8082 Bl g, H 95%
BEXEEBRE A, K, MXERZ 5N SHERTES 5w BB R RUESEAD 5 2260 it — 2
I

5. &g

AR TR UREA XL 1] MR 2 Two-Step MR Tk E 1 B BRES Bw < M ARR G R, [ H) 1 1
FARPRAEAEH A A AR o O BRI R A R LI BT TR At 7R B, Oy B RR TR B TR
TBEAE . BRI — P RORT FIESE, DRt B A i A BRI .
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