MINXZZH®R (EFH) 2025, 56 (2) : 425—433
J Sichuan Univ ( Med Sci) doi: 10.12182/20250360201

HEREINARRBEASOEEARES
1L M0 *
B REEFRZENXE
AW EEE OREE, W RV
L DU R2AAE P R B PRI 5 15 FE BE 4R IR B 22 Pt R R ARG ITBE B S EARTR I PR B A 5T ol (RS 610041);

2. WU RAFAEPE EEBE SRR ER2FE (AR 610041);
3. DU RZEAEPE BE B I A BERFSE T AR TR S AR S T s 06 (4R 610041)

[HBE] BB 8RR EE/RBEPLL(Mendelian randomization, MR) 77 15, M4 & Sy 4l 5 B & ot iT
# (autoimmune hepatitis, ATH) ZRIMFR KR, Fik AT RKEA L2 ILF L] 5 (Genome-Wide Association
Study, GWAS)E0H &, #E4T T WL I MRATM T, LA J7 25 N4 (Inverse variance weighted, IVW) Sy 207k, PEAG 73 18 Gy
YN 5 ATHZ [BIAY5& &R . i3 Benjamini-Hochbergh IEF il 515 & B (false discovery rate, FDR), JF#H(T T 28k
SR, R SR B — IR U A LA i — D TR 2 R A . R TERFEMOK T R2000 54T, £
CD28 CD8 V45 T4l Mo 45 %480 (IVW: Eb{E E (odds ratio, OR)=1.486, 95% & {5 X [i] (confidence interval, CI):
1.189 ~ 1.859, P<0.001; P,,,=0.185) . 43+#ACD39 AU IH 5 PET AR L CD287KF-(IVW: OR=1.194, 95%CI: 1.074 ~ 1.328,
P=0.001; Py =0.185) I B BEVE A 41 _E 1 CD457K - (IVW: OR=1.243, 95%CI: 1.108 ~ 1.394, P<0.001; P;,;=0.143) 5
ATHRU S IAETE AR X R, MICD14 CD 16 Bz 4 fid b AP FET - Bl AR 1K F- (IVW: OR=0.849, 95%CI: 0.771 ~ 0.935,
P<0.001; Py, =0.185) SATH G B IAFE IR R . 468 ARDFSRAME T A5 ATHASCHY See A i 3R 8, 35 il — 255
IGUEI S & IR B FIIRIT 8%

[54iA]  SfE/REEPLL BB ot FR sl

Exploring the Causal Relationship Between Circulating
Immune Cells and Autoimmune Hepatitis Through

Mendelian Randomization Analysis

LENG Song', WANG Kefen®, SHI Yujun’, DENG Chengm. 1. Department of Respiratory and Critical Care
Medicine/Center for High Altitude Medicine/Institutes for Systems Genetics/National Clinical Research Center for
Geriatrics, West China Hospital, Sichuan University, Chengdu 610041, China; 2. Department of Laboratory Medicine, West
China Hospital, Sichuan University, Chengdu 610041, China; 3. Institute of Clinical Pathology, Key Laboratory of
Transplant Engineering and Immunology, NHC, West China Hospital, Sichuan University, Chengdu 610041, China
A Corresponding author, E-mail: dengcheng@wchscu.cn

[Abstract] Objective To elucidate the causal relationship between specific immune cells and autoimmune
hepatitis (AIH) using a two-sample Mendelian randomization (MR) approach. Methods A bidirectional MR analysis
was conducted using data from large publicly accessible Genome-Wide Association Study (GWAS) databases. The inverse
variance weighted (IVW) method was employed as the primary method to evaluate the relationship between 731 immune
cell traits and AIH. The false discovery rate (FDR) was controlled using the Benjamini-Hochberg correction. Additionally,
pleiotropy and heterogeneity tests were performed, and a leave-one-out sensitivity analysis was conducted to further
validate the robustness of the results. Results At a significance level of 0.20, it was found that the absolute count of
CD28°CD8" regulatory T-cells (IVW: odds ratio [OR] = 1.486; 95% confidence interval [CI], 1.189-1.859; P < 0.001; Py =
0.185), the level of CD28 on CD39" secreting regulatory T-cells (IVW: OR = 1.194; 95% CI, 1.074-1.328; P = 0.001; Py =
0.185), and the level of CD45 on mononuclear myeloid-derived suppressor cells IVW: OR = 1.243; 95% CI, 1.108-1.394;
P < 0.001; Py, = 0.143) were associated with an increased risk of ATH. The level of programmed death-ligand 1 on
CD14'CD16" monocytes (IVW: OR = 0.849; 95% CI, 0.771-0.935; P < 0.001; Py, = 0.185) was associated with a reduced
risk of AIH. Conclusion Four immune cell phenotypes associated with AIH risk are identified. Further investigation is

needed to validate these findings and explore new therapeutic avenues.
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| GWAS data for ATH |

Extract SNP that correspond to
exposure

Data harmonization

Removing palindromic SNP with MAF > 0.42 and < 0.58
Removing SNP with Poutcome < Pexposure

l

Two-sample MR analysis

MR-Egger intercept analysis
MR-PRESSO global test
Cochran's Q test

Leave-one-out sensitive analysis

Reverse MR analysis

1 A RHIREE
Fig 1 The workflow of this study

GWAS: Genome-Wide Association Study; AIH: autoimmune hepatitis; SNP: single nucleotide polymorphism; MAF: minor allele frequency; MR: Mendelian

randomization.



52 W

% RV R ERBEHUV IR SR T A S S B B I R TR &R 427

Study, GWAS) Fi4iE 0 Hh ARV 118 3123 D1 2 it (R IL TG
DURAT SR S R
1.2 REMRRETESRIE

Gl AN GW ASEUE K T IEU OPEN GWAS(ji17)
%5 Mebi-a-GCST90001391F]ebi-a-GCST90002121)
(https://gwas.mrciew.ac.uk/) . JURAIFFYEET RO Il S8 1)
K BT 85193 757 NBASI, ety 17K 29220077 1~SNP, ¥
K73 MR A . BT R Y A, 7317
G RE IR T 2B 4H (panel) : T PETHIME 4%
SEIRANML . BANME . BEAELML . FRAZANAL . TN AR B
FITBNK (T BAIAEL . HIRRAAE) . FRAIKADFE
2t % 4 M THE . RE T A TR TP P R B RIE A
ZHM,
1.3 AIHEERIR

ATH(GCST90018785) IS 4t 144 Kk I GWAS
Catalog ' B #H L BFFT (https://www.ebi.ac.uk/gwas/) . %
Fit G AL FE WO 11 55 > 1 55 6] 125 22 119 82 1 461) 5 131 1484
4135 % HE U
14 TETERFE

27 DT RIS, A B0 9 DA Ho 58 440 ff 92 780 v i 3k
SNPLA1x10° 2y i PR (B, Wi 1 ATH 1 SNP Y 5 3
PEBEBE F5x 1071 S LRUESNP RIS P, A B 5T ik
177 ZSERAF-1, SNPZ[R] 1 1 25 15 {4710 000 kb, Jf:
Hr*<0.001, #SNPARYFG TR A3 F=beta®/SE?,
Horh betaZR 7R %) 2 88 W20 /N, SEZFR7R HbRERR, 2R
E/NF 10, IR BHZSNP Ry 55 T HAS ), R SNPJF
LLor TP SRR o AE B A VA AR, REEAE AR
R AE0.4280.58 71 BBl P4 119 1] SCSNP2 4 S M AR
SNP, Ji-4k A ZhBBR"" . S T e B OCHR, TR X4

o 8 2 P R0 B 8 A 825 (P ocome < Pesposure) HISNPHLHE
BRI e TIREEMRIMTAISNPIEILIE 2 1, FIrfy i 3
L Z88 BEIR R o

L5 FITETE

W5 2 AL (inverse variance weighted, IVW) #
VEARWFF IR R e AR A 5 ATHZ [H] R OC R 1 £
AT IEY, MR-Egger [BH 7L . AU 37 4507k (weight
median) . fif HLAREL7% (simple mode) FUMAY A £k
(weighted mode) #% JHYERFE I, Ry T AR A i J %
(false discovery rate, FDR), A&M/f55 >k ] T Benjamini-
Hochberg# 1E 774", 1K 1 35 B (B 3 E 2 0.20°2
RT3 AR K 22 KT A R I T AE A ey, EAT T MR-
Egger# i 70 BT AIMR-PRESSO 4 Jay il i 2*, - 3% J
Cochran's QG AAG I e T HAL By S BAvE™Y . Iy

Gb, ARWFGEHAT T 88— TR E 53 B, LLIEAS B~ SNPXT
AR DR SRR B 5 T IR B AR

s o3 A EURTE R (WA 4.4.0) Hh kAT 19,
R FEAFE “TwoSampleMR” (JiA0.6.2) Hl
“MRPRESSO”(JfiA<1.0) .

2 #R

2.1 REHMAEITATHR E R

AT R A AR MRS HrH R R S 2 4 L 5 ATH Y
REROC R, IFLAIVW IR EAE N EER 5 k. i H]
FDRIZIE S, 7E0.050% f 2 /K I, oA & BUAT: fo] G2 4
Mo F B Gt X 7E0.2000 B E MK |, RBLA
PUASF AT ATHA R . o, CD28°CD8” Treg4t
XL, 43 CD39 1Y Treg I 1) CD28 /K - Fl HLAZ & U 14
F 4 Bl (mononuclear myeloid-derived suppressor cells,
Mo MDSC) | CD457K V-5 ATH KUK 3 I 7 PRR G
#,MCD14"CD16" HuA% 4 i I A9 F2 ¥ FE T - i i 1
(programmed death-ligand 1, PD-L1) 7K -5 ATH XU A
PR R (E2, K3)., PIIVWEEIFECD28 CDS"
TregZa X 71506 ATHAY HU{H EE (0dds ratio, OR) 41.486
(95%E 15 [X.[i] (confidence interval, CI) 471.189 ~ 1.859,
P<0.001; Pypy=0.185], HoAth W 7 i U v o Bk
(OR=1.457, 95%CI: 1.076 ~ 1.971, P=0.015) FlIaj L s Bk
(OR=1.681, 95%CI: 1.056 ~ 2.674, P=0.045) J i 25 5
o AIVW Bl 40 CD39 [ Treg Y CD28, OR N
1.194(95%CI: 1.074 ~ 1.328, P=0.001; Py,;=0.185), HAh =
%k [ MR-Egger(OR=1.273, 95%CI: 1.090 ~ 1.488,
P=0.006) . IIALH i & (OR=1.198, 95%CI:
1.026 ~ 1.398, P=0.022) FIfINALARELE (OR=1.201, 95%CI:
1.044 ~ 1.382, P=0.018) J I 525 MLl. CD14'CD16"$14%
YA A PD-L1AIVW 7 7545 R JZ2OR M 0.849(95%Cl:
0.771 ~ 0.935, P<0.001; Pyp=0.185), Hift = Fh 77 2 ( MR-
Egger(OR=0.846, 95%CI: 0.740 ~ 0.968, P=0.022) . JIIAX
v %572 (OR=0.853, 95%CI: 0.742 ~ 0.980, P=0.025) FIHIFL
AHE (OR=0.854, 95%CI: 0.748 ~ 0.976, P=0.028) J i) %5
AL LRIV W Iy 2 DAl B8 8 51 490 1 40 | 1%
CD45, OR}1.243(95%CI: 1.108 ~ 1.394, P<0.001;
Pype=0.143), AL A7 5507k 1 45 3R 25 (OR=1.271,
95%CI: 1.084 ~ 1.490, P=0.003) .
2.2 BUEES

RS> Hr MR- Egger B /0Hr B 7R, 33 P9~
P RAVBA B E K- 2801 (P>0.05) , 33X —45 145 2
7 MR-PRESSO4 Jayill i i) i#E — 2P B ik (P>0.05) (£1) .


https://gwas.mrcieu.ac.uk/
https://www.ebi.ac.uk/gwas/

428

PR A=A (B 2D

% 5645

Exposure (panel) nSNP

CD28 CD8" Treg absolute count

Method
MR Egger
Weighted median
Inverse variance weighted
Simple mode
Weighted mode
MR Egger
Weighted median
Inverse variance weighted
Simple mode
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- 0.849 (0.771 t0 0.935) <0.001
— 0.891 (0.721 to 1.102) 0.298
. 0.854 (0.748 t0 0.976) 0.028
I 1.243 (1.014 to 1.524) 0.054

i 1.271 (1.084 to 1.490) 0.003
| 1.243 (1.108 to 1.394) <0.001
e 1.171 (0.931 to 1.473) 0.197
—— 1.209 (0.999 to 1.463) 0.068
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Fig 2 The forest plot shows the effects of immune cells on AIH

PFDR

0.185

0.185

0.185

0.143

nSNP: the number of single nucleotide polymorphisms; OR: odds ratio; CI: confidence interval; FDR: false discovery rate; Treg: regulatory T-cells; PD-L1:

programmed death-ligand 1; Mo MDSC: mononuclear myeloid-derived suppressor cells.
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Fig 3 The scatter plot shows the effect of immune cells on AIH

1.6

All abbreviations are explained in the note to Fig 2. A, The ffect of CD28 CD8" Treg absolute count on AIH; B, the effect of CD28 on CD39" secreting Treg on AIH;

C, the effect of PD-L1 on CD14'CD16" monocyte on AIH; D, the effect of CD45 on Mo MDSC on AIH.
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Table1 The pleiotropy test for immune cells and AIH Table2 The heterogeneity test for immune cells and AIH
P Exposure Method P (Cochran's Q test)

Bxposure l\fft’jfeg;: Nigll{(;tf:ilijssto CD28 CD8" Treg absolute count MR-Egger 0.225
CD28 CD8" Treg absolute count 0.877 0.307 vw 0.282
CD28 on CD39" secreting Treg 0.283 0.863 CD28 on CD39" secreting Treg MR-Egger 0.957
PD-L1 on CD14°CD16" monocyte 0.944 0.665 vw 0.946
CD45 on Mo MDSC >0.999 0.728 PD-L1 on CD14'CD16" monocyte  MR-Egger 0.551
All abbreviations are explained in the note to Fig 2. vw 0.606

CD45 on Mo MDSC MR-Egger 0.552

Cochran's Qf 56 A P{E#R10.05, 2005 ATHAH G Y X 24
SNPHUANFAAE S M (F62) o 76 B — YA BURB M 43 B ) 2
o, S SNPHRIRHERR 5, 315398 A SN P X Ak A1 2
KR T, A & BT A B SNP T B A PR R 800 N7, 455 7R PIEYY 55 F0.05, B ATHN X DU Ho 2 20
(El4) o >R FHB I MR DAl ATHGT .92 240 i i) PSSR A% JHI A A 25w (145) .

vw 0.625

All abbreviations are explained in the note to Fig 2.
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Fig 4 The leave-one-out plot of sensitivity analysis shows the effect of immune cells on ATH
All abbreviations are explained in the note to Fig 2. Each point represents the causal effect estimated by IVW after removing a single SNP. A, The effect of
CD28 CD8§" Treg absolute count on AIH; B, the effect of CD28 on CD39" secreting Treg on AIH; C, the effect of PD-L1 on CD14°CD16" monocyte on AIH; D, the effect of
CD45 on Mo MDSC on AIH.
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Outcome (panel) nSNP Method OR (95% CI) P
CD28 CD8" Treg absolute count 11 MR Egger 0.919 (0.818 to 1.033) 0.191
Weighted median 0.973 (0.901 to 1.052) 0.492
Inverse variance weighted 0.976 (0.925 to 1.031) 0.386
Simple mode 0.949 (0.843 to 1.068) 0.405
Weighted mode 0.967 (0.863 to 1.085) 0.583
CD28 on CD39" secreting Treg 11 MR Egger 0.902 (0.784 to 1.037) 0.180
Weighted median 0.981 (0.898 to 1.071) 0.665
Inverse variance weighted 0.982 (0.918 to 1.050) 0.594
Simple mode 0.966 (0.844 to 1.105) 0.624
Weighted mode 0.936 (0.786 to 1.114) 0.471
PD"L1 on CD14*CD16* monocyte 11 MR Egger 1.080 (0.964 to 1.211) 0.218
Weighted median 1.010 (0.936 to 1.089) 0.801
Inverse variance weighted 1.026 (0.972 to 1.082) 0.351
Simple mode 0.984 (0.884 to 1.096) 0.779
Weighted mode 1.003 (0.920 to 1.092) 0.953
CD45 on Mo MDSC 11 MR Egger 1.063 (0.883 to 1.280) 0.533
Weighted median 1.030 (0.928 to 1.145) 0.575
Inverse variance weighted 1.027 (0.945 to 1.116) 0.529
Simple mode 1.048 (0.886 to 1.239) 0.599
Weighted mode 1.036 (0.922 to 1.163) 0.568
r T T T 1
0 0.5 1.0 1.5 2.0
Protective factor Risk factor
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Fig 5 The reverse MR results of the effects of AIH on immune cells

All abbreviations are explained in the note to Fig 2.
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CD28 il AT LA /> CD73 A 38 SR 7= 2E57 . 78
ATHIE T, CD39" Treg Hu il i 2 %, f1:Fifi % ATP/ADP
IK AR RE T REARCY o 25 b TR W] DL HE D ATH & 35 rh
CD28 7] REIE 1AMl CD39" il Treg IR T RE(S 518 145 Sk 1l
55 Treghy S5 435 DU RE, FEMIHG AN 1 ATH Y % 95 KU o
CD287E ATHH A5 (1 BARNE T i AN W8, 5455 A 6]
TregWHfE—EHI5E
AWK HCD14"CD16" HAZ A L i PD-L1K -5
ATHRUR FEIRAEAE ISR C R o CD14°CD16™ SR 4 A i
JEFRIE AL A A BT -DR, ELH 7245, CD80,
CD86 M e RFE IR 52 AR 11T B A It 52 3 A R A
FH®, 8K, 5 CD14 CD16 MU 4l il HICD14°CD16 L%
ANMIAR H, CD14"CD 16" S 40 M i/ H B i B9 TL- 103
ik, RYIHABAREA T THIR ™, PD-LIAMUEKIL T
AN L, b 2 WORE B A SR I BL . PD-1JEPD-L1HY
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S, BAEAS R e AN TRk, PD-1il B Y K I 2 Fh
B i & AR B — 2 e R Y. PD-L1al A
CD8" T (4% 58 M AR MO REVEAE FH, R kA Bl ke ik
FAERF TregAIINRE ™. A B, B 3RIKPD-L1AY[H]
FEE T4 (PD-L1"" mesenchymal stem cells, PD-L1"¢"
MSCs) 7E 2 i# Treg 5 ix — Jy i [ AR K IAPD-L1#Y
MSCsH 4740, PD-L1"*" MSCsy™= 4 5 = K - (I IL-4 FIIL-
10, TTIL-6FNIL-8F 15 I i, 3 HH i S 200 fifd B A7 53
PIPTRAE S . TEATHIZEGRIAL R, PD-L1"" MSCsHY:4¥
SRR EE M 5 AT T A SR IR 25 B PnA
A LUEN, CD14"CD 16" B 240 Ml 7320 ) PD- L 13 i 41 il
HRAE S22 VR R R 4P T AR I, X nT BE A
ATHIRYT R TERE AR

AWFFEIE K I, FRAZBE IR I ) 240 i E i CD457K
V-5 ATH XU B AR A7 A8 PR G 2R o R T 970 7 248
(mononuclear myeloid-derived suppressor cells, MDSC) &
— R HAT SRR G i BE 7 A v MERL AR AN EAL A0,
EANH RS ZIEMDSCHIfLEMDSC. £E#
MDSCHI LR MDS C R — A~ [7] 45 A 2 e 53 it 2 1
3(signal transducer and activator of transcription 3,
STAT3) HY415 17, MDSCHRAITEMIE P 4 H, I
Kz AAGARBITEVF 2 A B 5o T A48
MDSCili i 73 #4542 [N, €14% PD-L1, CD40, IL-10
FFEALAE R - B 1), R JAE SV o WF 9T R W],
MDSCTEATHEE I i L4836 P AR, EA TR HE5E T L
RIS IG S, HAT, CD457E H B Sfe i ot
MDSCHIVE I AR BMITTE . ST, SERTRIDTFE R, iR
FHEMDSC | CDASHBIE AR 117 5 3 L STAT3HE P,
STAT3{EMDSCHYHEFH AN G B4 ] ke 4 1 4 ™ A
I, AT DL H iR, CD453 1 FEARS T AT 33 # o 75
MDSCHIHILIEE, AT ATHIY A . SR, CD45/&
Qfer SR ATHH MDSCHY B VIR s 222t — BT

AWFFERPIREA MR H T e KA ATHEE %,
R4 T GEIREE, IR 2R Mk IR R E S e R
N5 ATHZ ] (4 PR SR S 2R, (7 ™6 1) i S8 s R IR R 5
BPE K- 28800 o SR, ABETEAFAE— & 1 Jas BRAE
TG, B TR SR Y 2 (L, T BB N R A
o W, T ATH AR AL 5 57 B e B sk = B
AMRACFEAE, AP TCEIE— ke E AR 2R =,
WFFE A Xk FICH BAA, {H 5% 85 FN45 Js) B BRSOk [ B
AN [ DX, e HE B DX ] R S o i ke 1) i ey, EL
ASCAE FH RO BA B BIR ) ™ 45 SR xsk AU b R A4S 1 S
IR AR M Y S e A R A, Rg TR T

JEHR S e A AR AL
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