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Abstract

Background: Previous studies have linked antibody-mediated immune responses to non-alcoholic
fatty liver disease (NAFLD), but the causal relationship remains unclear. Aims: To further under-
stand the causal relationship between immune responses and NAFLD. Methods: Summary statistics
for antibody-mediated immune response and NAFLD were derived from GWAS data based on European
participants. Bidirectional Mendelian randomization mainly applying Inverse variance weighted
(IVW) method was employed to assess the causal relationships between 46 antibody-mediated im-
mune responses and NAFLD. Potential pleiotropy was evaluated using MR-Egger and MR-PRESSO
methods, heterogeneity was examined with Cochran’s Q test, and sensitivity was assessed through
leave-one-out analysis. Results: Based on IVW method, our Mendelian randomization showed that
two antibody-mediated immune responses potentially causally increase NAFLD risk (Chlamydia
trachomatis tarp-D F1 antibody levels: OR 1.068, 95% CI: 1.006~1.133, P-value = 0.032 and Helico-
bacter pylori UREA antibody levels: OR 1.084, 95% CI: 1.001~1.174, P-value = 0.047). Reverse Men-
delian randomization revealed increased NAFLD risk causally associated with higher Helicobacter
pylori UREA antibody levels and Anti-herpes simplex virus 1 IgG seropositivity. Conversely, Anti-
Chlamydia trachomatis 1gG and Anti-polyomavirus 2 IgG seropositivity showed a decreasing trend.
There was no evidence of heterogeneity or horizontal pleiotropy detected. Conclusions: This study
confirms causal relationships between antibody-mediated immune response and NAFLD, offering
new evidence for the role of immune responses in NAFLD development and presenting significant
implications for its prevention and treatment.
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1. 51§

AT kS 1 A 7 12 JF9 (Non-alcoholic fatty liver disease, NAFLD) & —AN4x BR 1 (6 i 5 i) 3, oy 1 4H
TETE H &I, 2 A BR0S 1 T 998 55 LI B R o S i PRI T 0 A TR S5 R, LA BRI 2200 24% [1].
NAFLD 8 75 5 HA% A B AR, (HR B B 1k e, 0 nT S 80U 2F 44k T 4k EL 28 9 [2] - NAFLD
SRR R PR R i AR S AR 2 UIAE G, A R A SR A AEAE T R IR BA[3]-[5]. 4R,
NAFLD FJ Ao L i AN 56 4% B

PUAA T 1) G 88 7 Sz Bl 9 JEr A 2 i I 7 A R S P B A4 R TR AN K SF o AN R PLARR AL, 1IgM,
IgG F1 IgA, B T 4 RGER B IR FU R A AE F7[6] 0 3 b S5 A 45 o AN JEUAA L S0 A 2R GE A ig ik
AR . B TR B HUAR R A, FRATAT LA T A G g2 SRE0F P28 B B SR L PR B E | PRI ) S AR
R N, EHX%T COVID-19 ¥ B It FEE 43 A S AT R VAl F o 2 A ORI BUR[ 7] — TR TR
2 ARG RIZ R KT A W TR 3 3 S A /KPR T B AR e e L, DURA R A2 8 R v e
5 R[8]. ILAh, BRI FCEARTT T PR B 58 XN (ADE), RIFi e 1748 P A 78 S s i 05 Rl
BE N 5 4RI [9]

& G VB JEARTE V2 ARAE e i R L T R B S AR, L6 NAFLD, B3 R H 5 iR g
YR )% R G SCR[10] [11]. FERX—E RN, PR T 00 %)% SORLRE IS X e SCH 5 B
FEHEH) WLA# . Chumak AA 25 N FIWFC R, NAFLD 8 Ty 2w 22 e i R A R m[12] . — T by
A TE RN, W T TS B R L R Z8 25 NAFLD (1) 80 2685 a0 T TIRAT 1 IB8 JeHff E D NAFLD F
SfERE R R3] AR, RIS R B A I [ THEAT B R G 5 NAFLD 2 [A) [ G HK[14] [15]. BRlith, n&
T A T, ARG A T 0048 Y SR A4 % I B NAFLD 2 [Al RIS G &R o

FifE R BEHLALTE (Mendelian Randomization, MR)7E 35 7 R 5L 1E 2 07 T T RE T — AN KIE BT VA A, &
I FH 83 A% 70 S D T B A R 9 3 B DR 3R 5 i 25 S AN [ DR SR O R [16] 0 % TR T iR B A% 58
B, RIS e S IASE R BT, G I A AR AR S S (1 DG 2R, HHE T 2R R DR 30T 9 PR R SR A
TXFPT7 V2 e 0 ek TR 2% DR 2 RT3 ) DR EROC RV, SRS TSR DR SR T . BE Tk, AR MR
IIHTHR R PR OV 5 NAFLD 2 [A] FTE AR R SR 54 &R

2. MRS E
2.1 BeEKRIR

AHEFEMN GWAS catalog T T # 1 =3t 46 Fhifdf [ MR GWAS IL A Gtk (Fx T
GCST90006884~GCSTI0006929) . 46 Flfii A fu i Je SR AL, 15 Fft 2 IfiL i BH 14 (o xR AL, 31 P &
EHURNERA[17]. NAFLD &3 8L 25 kI8 T FinnGen R10 (https:/r10.finngen.fi/) [18], &
T 2568 f5i] NAFLD & 1 409613 %} {8, 705 G5 N W A B

2.2. Wit

AT 46 FhPiaa G S S R AT g 2k HE A1, {8 50X 0 2 B DR 1 S 35 AF DG IR AR 1 IR 2 3 1k
(SNPs)TEN T HAZRE(IVS), LA NAFLD 1ENES R & . FRATR AR A S RN 777, 0 #r 46 Fh
Pk IR MR E NAFLD Z A E R R R, N T MRS SRR @t AT Sk, W7 tAT 7 %R
PRS2 RV EART I8 A BURE I 2 AT o AEEAT d B RBENLAL A0 AT I, @R 2 LR = M0 ik @ sfeAe
FRERBEHEMEG: @ BATRERBEMGERZEINEERKREZRLR @ B&48 FA0ET B
gh )5, A H AR A[19]. KH R #AE(RA 4.3.2), 454 TwoSampleMR {3 (fiiAs 0.5.8)3F 1T 54k 43
Mo BTA FTARHE T BRI K B A F SR AR TR, B0k 1 4 2 (B S S TGS . Ak,

=
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P I B A B 2ok B AT R, BRI E R AT BUME B & .
2.3. 1Vs Bk F¥

TERFFE SNPs SHUR G ) N A NAFLD FISCHRHS, FRATRIN T — RAVEZE P, ISR H
St WTEEMEAERRYE. RRAD, B TR A PR G SN RFAE 4 R DR 4R VR UL SNP B E A R, FRAT]
TE 2 [ R 5 SCHR e K B AR 1 x 1075 [20]. X — AR N0k 1Vs ks, B 7ERTRATE Vs fI2 R
R 7 2 [ AR AR DG, AR ATREN AN Z AR E R LR EF . WE, A TR ESA P4 (LD)
WK w2, BATE BIAE BE N r2=0.001 F1 Clump BB > 10,000 kb, 4k B AR5 mah B uErm it
%I NAFLD, AT EREE MK RN 1x10°, )5, KM F it EiEh SNP 588 2 [alAH
PEMIGEiT o, LA F < 10 NIRMERIfE I M. BiJE, REGHHERR TiXLL554H5¢ SNP. 7R il
Tk, FAVFANZE T TR IR 2 A8 A A 22 RV, SRR B AT S5 R S nl 5 .

2.4. Gt

N T VPAL AR G g e N5 R ORG 1 T 0T 2 TR DR SR OG JR, FRATTE BER A T3 U7 22 AL (Inverse
variance weighting, IVW), It4ME K H weighted median (WM), MR-Egger, simple mode L % weighted mode
HEAT T H AN T[21] BATTE: PAE R BRI{E ¥ E N 0.05, LR BLE ZIBAE A R R . AERURE 4 7 18,
iz il MR-Egger [A])475 A MR-PRESSO A PFASTEERI £ %t &M Cochran’s Q fe 3PP 1B (LR i1, 4
P{H <0.05, MR SNPs 2 A 4775 535 St i PE[22]. &), i8] Leave-one-out 4341, iZ—5IF% SNP,
i B> SNP X &5 AR

3. /R
3.1. MR &R

Exposure Outcome  Method nSNP OR(95%Cl) pval

Chlamydia trachomatis tarp-D F1 antibody levels NAFLD Inverse variance weighted 25 IH-¢ 1.068(1.006 to 1.133) 0.032
MR Egger 25 '—|0—4 1.007(0.902 to 1.124) 0.905
Weighted median 25 *:-0—‘ 1.061(0.972 to 1.159) 0.186
Simple mode 25 r——i 1.109(0.945 to 1.302) 0.218
Weighted mode 25 '-:—0—1 1.090(0.955 to 1.243) 0.216

Helicobacter pylori UREA antibody levels NAFLD Inverse variance weighted 25 ;-'—* 1.084(1.001 to 1.174) 0.047
MR Egger 25 '-:—0—' 1.110(0.940 to 1.311) 0.231
Weighted median 25 '-I—O—' 1.081(0.965 to 1.211) 0.181
Simple mode 25 '—:0—4 1.056(0.872 to 1.277) 0.583
Weighted mode 25 '—:0—‘ 1.066(0.916 to 1.240) 0.416

l I 1
0.5 il 1.5

protective factor risk factor

Figure 1. Main results of MR analysis on antibody-mediated immune responses and NAFLD
B 1 ntreER NS NAFLD &RERMEN LS EELE

flif “TwoSampleMR” (0.5.8 i) AL 34T T 46 Fhfyufd e ;s M55 NAFLD 2 [a] IO 7E R AR &R
PLIVW S5 RO FEARYE . anlE] 1 pos, JRATRIE 2 Fhifdfoii e MR AL NAFLD Z [BIAAAE R R K &
4352 Chlamydia trachomatis tarp-D F1 antibody levels: OR 1.068 (95% CI: 1.006~1.133, P-value = 0.032)#01
Helicobacter pylori UREA antibody levels: OR 1.084 (95% CI: 1.001~1.174, P-value = 0.047). Chlamydia tra-
chomatis tarp-D F1 antibody levels 1 Helicobacter pylori UREA antibody levels # i\ A& NAFLD 1 f& [ X
%, BEE SNPs HISZM NN, B NAFLD i XU 15 0. #4lE Cochran’s Q. MR-Egger 1 MR-PRESSO
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EE R, WA RRERKE 2 28253 1. Leave-one-out BUBIE M HTR B, B NHFR SNPs % 25 5%
A &R

3.2. RE MR SR

Exposure  Outcome Method nSNP OR(95%Cl) pval
NAFLD Anti-chlamydia trachomatis IgG seropositivity Inverse variance weighted 33 —— 0.913(0.835 to 0.998) 0.046
MR Egger 33 '—0—:-1 0.867(0.718 to 1.046) 0.146
Weighted median 33 r—O—; 0.871(0.755 to 1.004) 0.057
Simple mode 33 —— 0.921(0.707 to 1.200) 0.546
Weighted mode 33 '—-—F 0.865(0.725 to 1.031) 0.116
NAFLD Helicobacter pylori UREA antibody levels Inverse variance weighted 33 :v—o—' 1.081(1.009 to 1.158) 0.026
MR Egger 33 l—d—t 0.988(0.855 to 1.142) 0.872
Weighted median 33 '4,0—‘ 1.023(0.923 to 1.135) 0.663
Simple mode 33 I-—-JIO—* 1.024(0.843 to 1.245) 0.810
Weighted mode 33 o—’IO—c 1.024(0.916 to 1.146) 0.676
NAFLD Anti-herpes simplex virus 1 1gG seropositivity Inverse variance weighted 33 :0—0—‘ 1.101(1.009 to 1.200) 0.030
MR Egger 33 1—0—-‘ 1.189(0.991 to 1.428) 0.073
Weighted median 33 '-:—0—1 1.109(0.972 to 1.265) 0.123
Simple mode 33 '—:—0—* 1.168(0.924 to 1.477) 0.202
Weighted mode 33 5:—0—‘ 1.134(0.983 to 1.308) 0.094
NAFLD Anti-polyomavirus 2 IgG seropositivity Inverse variance weighted 33 Ll 0.907(0.845 to 0.974) 0.008
MR Egger 33 ——t : 0.797(0.685 to 0.926) 0.006
Weighted median 33 H—G: 0.867(0.778 to 0.965) 0.009
Simple mode 33 '-—O—Ir-' 0.885(0.735 to 1.065) 0.205
Weighted mode 33 -—0—': 0.859(0.760 to 0.971) 0.021

0.5 1 1.5

protective factor risk factor

Figure 2. Main results of reverse MR analysis on antibody-mediated immune responses and NAFLD
2. MARERNS NAFLD K LA ERBENIL ST EELER

Table 1. The results of heterogeneity and horizontal pleiotropy of antibody-mediated immune responses and NAFLD

%= 1. ks E R M NAFLD IS R FKFE 2SR

Heterogeneity test  Pleiotropy test MR-PRESSO

Exposure Outcome Cochran’s Q test MR-Egger Outlier-  Global Test
(P value) IVW intercept (P value)  corrected (P value)

Chlamydia trachomatis

tarp-D F1 antibody levels NAFLD 0.524 0.228 NA 0.548

Helicobacter pylori UREA

- NAFLD 0.299 0.750 NA 0.312
antibody levels

Anti-Chlamydia trachomatis

NAFLD ract 0.567 0.543 NA 0.581
1gG seropositivity
NAFLD Helicobacter pylori UREA 0.834 0.177 NA 0.813
antibody levels
NAFLD Anti-herpes simplex virus 1 0.159 0.352 NA 0.181
1gG seropositivity
NAFLD Anti-polyomavirus 219G 0.830 0.065 NA 0.847

seropositivity

NT IR EAER BRI R, AT NAFLD 1E AR, 46 Fhyuik gk s MAE R4 Rikr & m
MR Z3H7. SIA MR 23 Fr it 32 245 5 L& 2. Chlamydia trachomatis tarp-D F1 antibody levels 5 NAFLD 2
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5] 9% 4 [ [ R 3% % . Helicobacter pylori UREA antibody levels 5 NAFLD 2 &) 4778 % i) X 5 5% & (OR =
1.081, 95% Cl: 1.009~1.158, P-value = 0.026). #34b, W78 & 3 NAFLD X% 8k =5 Anti-herpes simplex virus
119G seropositivity F+ 554 [F 5 5% & (OR = 1.101, 95% CI: 1.009~1.200, P-value = 0.030) . 5 Anti-polyomavirus
2 1gG seropositivity (OR = 0.907, 95% Cl: 0.845~0.974, P-value = 0.008)#1 Anti-Chlamydia trachomatis 1gG
seropositivity (OR = 0.913, 95% CI: 0.835~0.998, P-value = 0.046) &4 X % K. #4E Cochran’s Q. MR-
Egger il MR-PRESSO 45K, WA FPERIKFE 2 8 E % 5% 1. Leave-one-out BUSM: /> HT3R B, &
MR SNPs X 45 SR AT 25 F0 .

4. g

AHIE T FH A Je R 2H DT B4 A AU ) A R BEALAL 37, $R I T 46 Fhbtd i ) N5 NAFLD 2
BIFTER SRR &R . 70 &KL, Chlamydia trachomatis tarp-D F1 antibody levels 1 Helicobacter pylori UREA
antibody levels 5 NAFLD [ INARDC . 4k, BEE NAFLD XU FHE, Helicobacter pylori UREA
antibody levels F1 Anti-herpes simplex virus 1 IgG seropositivity # 5 _FF+i##, i Anti-polyomavirus 2 19gG
seropositivity A1 Anti-Chlamydia trachomatis IgG seropositivity JlI| &2 R [ a3A . X LR IR T Pk 4%
Ri7KF-E NAFLD B AEFIR 2 R EE R,

VORRA S AR —Fh s DL g4 b s, I8l PR A% R [23] . TARP (Translocated Actin-Recruiting
Phosphoprotein) & P IR A A& - i ) — PR E i, 2 540w N 15 E 4 )it #£[24]. Chlamydia tra-
chomatis tarp-D F1 antibody »&%t%F TARP & I B4 tEduA,  FH T B i HRAC S A4 Jlk e AT S I
bR EY . HRTHICTP IR AR FAA R NAFLD [J#F 5 . Chlamydia trachomatis tarp-D F1 antibody levels %,
& NAFLD BIFTREERR, T AE-S5 V0 IRAR SR I G v] DA 5| R 1 M 98 0E S B2, TP 48 ik & NAFLD & JE I —
B KIAR 9O OB AT R A2 I 7 AR SR AR 44 [25]. AdRr)AE, Iin MR BFFiR M, 1E
NAFLD g%, Anti-Chlamydia trachomatis 1gG seropositivity £ . iX 7] it 5 NAFLD F-HAM 56 K S
WA I, LT B YD IRAR AR L3RI

BT B B & — PR RS AE B R AR AR T, I8 5 B R B U A B R S AL RGN A 55[26].
SEET AR AR B[13], WA TR AT 1R R v] B 2> {2k 2 NAFLD BIXS o ixX 5 3A TR 745 FAH— 2. 1w
IV BEAT B R e 5 A 2 A (AR [27] KRG [28]. il MURE[29]25) B UIAH G . AL A1 & NAFLD
PR RS R DAk, Wl TR B R e mT e i s AR SR AR S AN DT T, (4R 3E NAFLD R
ERR R . [FIF, Stergios A Polyzos IR 7T 2 BI[30], NAFLD H& ULt | THEAT i Mt Rt iy . H A2,
ZHTH— 3T MR BIF 783 A UE S 2o A | TR R G 5 NAFLD [ A77E KR 5C 2R [31] 0 FRA T e
I TR AT B B G B AR B2 S RS I o3 AL, EHTRTT —F 2 MG &R, W5t 43 H Helicobacter pylori
UREA antibody levels ()35, Al A2 {# NAFLD XN, K2 IR,

FAEZREE R oy LR 2 B, ATEIR R Ui AT AR AN LA AL B [32] . 1B N R R AT
PN IR, AT, 2016 SF2BRZA 37 (G AKX HSV-1 s £REYE, AEREWRFELN 67% [33]. 1E
— I H ST 55 T U1 /R 5 DURIRZ FEt S5 NAFLD B8 3 B YL ya 200 2 B0 B 1% DL O 9 o, 45 SR B,
Toe A S AR S AT, NAFLD S8 2 2 R Hm 25 gL 1) B0 AR s [12] . IRt 53T BT 7L
S5 —5, NAFLD 2 Anti-herpes simplex virus 1 1gG seropositivity 7] A&%5 & .

ZIRR TR — R LY DNA W88, EZAHE IC e, BK e, Merkel i 2R wids, HEEAR
FHR )T AFAE[34] . polyomavirus 2 Y N 44 JC i EE, IERYLZ) 70%~90%[1) AN ZK[35]. AT 5L I NAFLD
3% b Anti-polyomavirus 2 1gG seropositivity #i%. TG 74, FRATHEN, X 7PT§E5 NAFLD
BE ARG, IC W ER e A S M V5K P & =R &, WA R PRSE ks e i 7K o2 e g 7Y
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(/AR 12[36]. NAFLD 38 W] e b efihis /K IA BTl & HI 3215 4L &4 -

IR FANAFAE— LR R B %, AW T GWAS Hd 25k F R NHE, PR HL A 3 XA
JEAE R (R PRS2 B PR o AROR T ZE5E 22 0 FEAN Bt CAVPAG LA AN R A b iR etk Lok, il Tl
FH¥) GWAS Hdle 50A 4 MR S5 N R BAT 202, AW FOICIA#AT IR AW 20 M. 2800, He kAT
JTn, KRR TPURN S5 A NAFLD Z[A15C R RS AT i) o 4 /R BEH LA
T NIHERI RIS RIEHE TP I SCRRESE . EIRREFIRK AN, M TES R IEET T, 25
B (B RNSEI AR b, AR BENLALET T 6 S MASE A

5. &g

L LA, B R AL A HLAM TS T 0S8 S SR NAFLD 2 10 PR S5 3, 9 NAFLD
(A AL 33 5 T BB T Heli AT, RIS S RIIR NAFLD [SKemi LA, (0 %
IRV FER ARSI 50 e 4 5 G SRS 75 T LA 1 55 S5 I NAFLD (19845

SE K
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