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Abstract

Objective: Crohn’s disease (CD) is a chronic inflammatory disorder of the gastrointestinal tract with
unknown etiology. Inmune dysregulation, particularly abnormal T-cell activation, plays a key role
in its pathogenesis. This study aimed to elucidate the causal relationship between specific circulat-
ing immune T-cell phenotypes and Crohn’s disease using a two-sample Mendelian randomization
(MR) approach. Methods: Using data from large-scale public genome-wide association studies (GWAS),
we performed MR analysis with inverse variance weighted (IVW) as the primary method to evaluate
associations between 246 circulating immune T-cell phenotypes and CD. Pleiotropy and heteroge-
neity tests were conducted, and leave-one-out sensitivity analysis was performed to further vali-
date the robustness of the results. Results: Eight distinct T-cell immune phenotypes were identified
to be associated with CD. Absolute count of CD45RA+ CD8* regulatory T cells (IVW: odds ratio [OR]
= 1.032, 95% confidence interval [CI]: 1.001~1.603, P < 0.05), proportion of effector memory
CD4°CD8" T cells (Effector Memory CD4"CD8" T cell % CD4°CD8™ T cell) (IVW: OR = 1.054, 95% CI:
1.019~1.090, P < 0.05), CD3 expression on HLA DR+ T cells (CD3 on HLA DR+ T cell) (IVW: OR = 1.243,
95% CI: 1.083~1.427, P < 0.05), and CD8 expression on terminally differentiated CD8* T cells (CD8
on Terminally Differentiated CD8* T cell) (IVW: OR = 1.249, 95% CI: 1.029~1.516, P < 0.05) were
causally associated with an increased risk of CD. Conversely, absolute count of terminally differenti-
ated CD4°CD8" T cells (Terminally Differentiated CD4"CD8" T cell Absolute Count) (IVW: OR = 0.947,
95% CI: 0.915~0.981, P < 0.05), proportion of terminally differentiated CD4"CD8" T cells (Terminally
Differentiated CD4"CD8™ T cell % T cell) (IVW: OR = 0.950, 95% CI: 0.919~0.982, P < 0.05), absolute
count of CD28°CD127-CD25++ CD8* T cells (IVW: OR = 0.798, 95% CI: 0.664~0.958, P < 0.05), and ab-
solute count of CD28°CD25+* CD8* T cells (IVW: OR = 0.840, 95% CI: 0.737~0.958, P < 0.05) were
causally associated with a reduced risk of CD. Conclusion: This study identified eight circulating im-
mune T-cell phenotypes associated with CD. Further studies are warranted to validate these find-
ings and explore novel therapeutic avenues.
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1. 5|8

5% B (Crohn’s disease, CD)A&—Ff B il 8 Pk S BT, A R 3R AT e A thigi A% ) I e . BRER
D] 25 R A T A P B 5 =3 2 TR (AR AR L B 1E2 AR, AT S B30 R A R I R B2 S N 2K 1 CD g 58
JiE ] B AN i, (R Rzt i 2 e LI 2 R, AR R B A D R AR AR R . LA I R
RO BE IR B REE & Z (1] [2].

7o B B I RO AL H AT AR T W . 7 CD B BRI R, R R I AR B A R R
SR, EHEMARNR T MM BEEER, P4l R - IL-12 F0 IFN-y @97~ A {233 TH1 k40
fIFEHE . BEAl, TNF-a f72 A2 1B IE B AT LA CD4* FoxP3* TREG 41 (32, $5 32765 CD 5
W (1) )L ZE ARG 3], Ah TL-34 tH7E CD MRA SRR PR EZEEM, 1034 MRIAIEE M R E X
WO, HiE ERK NS HIHLEIE S TNF-a A1 IL-6 13Kk [4]. M, IL-25 5 IBD & # K E
MEZAA, SEFEZREHL, CD EH W IL-25 WA, 5F— 22 105 B 40T 1E % A4t
ghlp 2 R IX ) IL-25 Mg (5] [6]. e % BIR MG IT Z B AR S KR4 bl BRI
Y. G M ) AR A, AR R 8 I A A R AR o) s R LA T R B ) 1 ) R AR
PURR A B RV R T 259, RerswEtb/E T CD 40E OB 4R 2 ¥ 21, 76 CD IVRIT i B8
HWIE B HAL[7] [8], THIE N e LM S CD 2 (8] (S BEPE R 78 T A CD BITRIT SR AL 3T I
T

PR BE LA S — Fh R 5 2 5 R 3 AR A DG (B AR A e A AR &, SRHETIZ R B N R 5 {45
Ja Z [ R OC R RATIR 0778 AHEC TREALA RS, &M = BRRASE T RoRE. R, TR
BIEHERTTRE, RN 68 FOMEHE A2 2= 1 T AU I R SC &R, AT H2 A4 5w 4 1 R R HE T AE 48
AW FEEE PR A i R BE N LA 2 TR TG S T 405 5 %0 UG 2 TR R R &R o

2. AREH®
2.1. I 5EERE

AR FOEL A MR BT R 50 246 B T 4IRS CD Z (MR R, T UMK BAZ R
% 51 (single nucleotide polymorphism, SNP){F N T EAF &, CD A4 R E. MR BENLILS a0 2 3 4
. © B T RS B i B A DGR AH D) @ JEPRAR R b 25 B i - 45 FORERI e T R 3
TR BIT 2 Hetk); @ FHAR S HfgiE 25 K &0 4R AR, T 4R AMEdERIET 1EU
OPEN GWAS. ZH 5Ttk B S RRIHCT By rh R R 1 3757 45 E AHF) GWAS HadHn. XL T
PR AEEHE T U0 A &R RS COUH M. XUBHTE. CD4*. CD8Y). iiFi1E T (Treg). M B (HFAXic 12
IRNACAL/ AR AR LA AN TR T 20 B 40 B bR 1 I8 7K ~F - CD 4>k U5 T IEU OPEN GWAS %4
HAEFR RSN finn-b-K11_KELACROHN, ##EEF4 8 2021 4. HALE 940 44 K M G005 41 H: SNP it
BN 16,380,466 1.

2.2. AR GE

22.1. TRATERE

TR R AR (RA Y 4.5. )M FR TR 45 R ik T RAS R, R 7R THRAS S A & A ] 5
PE, BATAE T R 08 T RIT T ™0k . 1%, B EE GWAS RS T 4HfR ! SNP
PE R THAR . DL 1> 10 N R EMERIE . HX, Jold G e BP0 LRSS T T4, wE S
0 12<0.01. BAEEEEH 10,000kb. FiJE, A2 BURIISE R GWAS - EEiR SNP IRNAE B, A4
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SNP 7E4: AR h ko, WS K& E P > 0.8)1 B8 SNP. [FINT, 5 g k0w 2407 225 (R 7 i)
TeiEH 8 PIRH SNP LA K BAG [R5 (1) SNP, - LACRIIE 2 5 5 45 = B8 i) () S5 B R 5 [l — 3. b4,
WA F it Bip il & T HABRRE, FMF<10 M5 TE, F4HEHEARA: F=R2n-k-
1)/k (1-R?). i Bk, mE&RE—4oma. Mo Hrl5Ef SNP /A T EAR R, HF 0 AF T 41
it 2 2R 5% e 2 SR 09 T DR R AKORE[ 107

2.2.2. HEB/REEVILSHT

AT R B R E 1) R BT S R BN 8, o 8 1107 Z InBGEAVW). AL
HAE(WM). i B 0% (simple mode) IR 7% (weighted mode) & MR-Egger [H1 5 1) 7 V2 34T 43
Hr[11], BT IVW BRI R E, LR 45 R UL IVW JNiEE R EE NS Hir. AR K
-2 M B R B, A FE R ] MR-Egger #U0E 4 #T & MR-PRESSO J7E#ET 2 8 A 5, R
i Cochra’s Q I KHEE R tE. AWFFEHAT T8 —3E04r, RIPAL A SNP XS AR 250S ) 5 1
FHERR B A 12].

3. &%
3.1. MR S48

I XS 246 FPANE T MR A THIE VTR, HORIREL 8 M T 40 RS CD [AA7E Kk
(W5 1), FH CD45RA* CD8' T cell Absolute Count [OR = 1.032; 95% CI (1.001~1.603); P <0.05]+ Effector
Memory CD4-CDS8-T cell %CD4-CD8-T cell [OR = 1.054; 95% CI (1.019~1.090); P <0.05]. CD3 on HLA DR*
T cell [OR = 1.243; 95% CI (1.083~1.427); P < 0.05]. CD8 on Terminally Differentiated CD8" T cell [OR =
1.249; 95% CI (1.029~1.516); P < 0.05] 2 1E[A X EL( WL & 1), Terminally Differentiated CD4-CD8-T cell Abso-
lute Count [OR = 0.947; 95% CI (0.915~0.981); P < 0.05]. Terminally Differentiated CD4-CD8-T cell %T cell
[OR =0.950;95% CI (0.919~0.982); P <0.05]. CD28-CD127-CD25" CD8" T cell Absolute Count [OR =0.798;
95% CI (0.664~0.958); P <0.05]. CD28-CD25"" CD8" T cell Absolute Count [OR = 0.840; 95% CI (0.737~0.958);
P < 0.05] 2 471 [ K (ULIE 2).

Table 1. Causal relationship between T cells and Crohn’s disease

F£1.THRS CD Z[AIWEREER

Cochran’s Q MR-Egger

4 0 . .
T Jﬂﬂ@,ﬁi SNP ﬁi 7:7/% OR 15 P 15 P 1E intercept P 1E
MR Egger 1.032 0.069
Weighted median 1.037 0.066
+ +
CD45RA CDCqutceH Absolute 15 Inverse variance weighted 1.032 0.038 0.770 0.937
Simple mode 1.121 0.146
Weighted mode 1.031 0.016
MR Egger 1.053 0.010
Weighted median 1.054 0.031
Effector Memory CD4-CD8- T . .
cell %CD4-CDS- T cell 20 Inverse variance weighted 1.054 0.002 0.495 0.887
Simple mode 1.093 0.449
Weighted mode 1.054 0.027
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MR Egger 1.192 0.170
Weighted median 1.168 0.100
CD3 on HLA DR* T cell 16 Inverse variance weighted 1.243 0.002 0.735 0.679
Simple mode 1.173 0.282
Weighted mode 1.179 0.130
MR Egger 1.738 0.040
D8 I Weighted median 1.423 0.003
D8 on Terminally . .
Differentiated CD8* T cell 10 Inverse variance weighted 1.248 0.024 0.313 0.149
Simple mode 1.367 0.116
Weighted mode 1.429 0.018
MR Egger 0.946 0.014
1 & 1CDa Weighted median 0.947 0.016
Terminally Differentiated CD4- . .
CDS-T cell Absolute Count 11 Inverse variance weighted 0.947 0.002 0.770 0.792
Simple mode 0.951 0.746
Weighted mode 0.947 0.026
MR Egger 0.949 0.010
v Dif 4CD4 Weighted median 0.950 0.039
Terminally Differentiated CD4- . .
CDS-T cell %T cell 17 Inverse variance weighted 0.949 0.002 0.898 0.949
Simple mode 1.011 0.926
Weighted mode 0.948 0.018
MR Egger 0.944 0.803
» . Weighted median 0.840 0.187
CD28- CD127-CD25™ CD8" T 12 Inverse variance weighted 0797 0.015  0.875 0.420
cell Absolute Count
Simple mode 0.843 0.411
Weighted mode 0.861 0.353
MR Egger 0.820 0.068
. . Weighted median 0.844 0.076
CD28- CD25™ CD8" T cell 14 Inverse variance weighted 0.840  0.009 0.464 0.741
Absolute Count
Simple mode 0.848 0.340
Weighted mode 0.860 0.203
-._% MR Estimate g_ MR Estimate
'é | Inverse variance weighted ~~ Weighted median z Inverse variance welghted  Welghted median
§ /" MREgger Weighted mode g // MR Egger Weighted mode
8 Simple mode 8 Simple mode
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g 3
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Figure 1. Scatter plot of the positive causal associations between T-cell traits and Crohn’s disease
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Figure 2. Scatter plot showing negative associations between T cells and Crohn’s disease
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3.2. HURMS
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> SNP, THELHA SNP HIE FFRANE,  LLITAS 45 AR AR VEREAE 7 % s, L RUFR R Ak
A2, SR A R A R B EAAT SR (L 3).
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Figure 3. Leave-one-out sensitivity analysis for the association between T cells and Crohn’s disease
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4. g

T A HARYE 7207 AR AT 200 Bir 2 W, E2AHE of T 4UML. yo T 400, CD4* T 4HM(GHBY
T 40ffd). CDS8* T 4UMaRA% T 4ff). XUBAPE T 4iMo%s . — OB FLdid X CD f8 3 Font B 2H 1) it 41 246
AFAT AN RNA WP, WA BER B AR T, RGHER 7 IE R Pk B4 B (TEL) A [
A Z AP 55 P S AR IRES T A4k, 45 R EoR, IEL # TH17 3440, Treg/TFH /b CD8*
1y T 4R/ LP o CD8* T 40 TH17 3401, Treg/TFH /b 35K BL—HEMAR NKp30* yo T 4
Jfl, wTREE IL-26 RAECRSFERI[13]. 4 MR Z34frH, CD45RA* CD8' T cell Absolute Count. CD8 on
Terminally Differentiated CD8" T cell #J& T CD8" T MIAFRI A, HERIHE CD Z [AIfFEIEFI, 1
— T 7@ H AN 22 2R R IE R T CD8T T 4SR5 % U P 5 50 K Sy 4 1) S 5 i TR 485, KL
Al IL-18+ IL-18. GZMB. ALCAM-CD6 5 G585 5l %, HE7 1% LE2H f [R) 52 T 0T A & DK 30 iz 18 2 RE 1)
FIEHLHI[14]. Effector Memory CD4-CDS- T cell %CD4-CDS-T cell 7EASHF 78 H [ FE#E IE M/, Effector
Memory CD4-CD8-T cell %CD4-CD8-T cell J& T XU 14 T 4, XUBAPEDN)T 402 s T 4
—AN/NEEE[15]. DN T UM RRIEF IR MAE R, SN AEE . BIR DN T 4 rE 3 Ak
FRAT —AF A 7 PE T 40MERE, (HE—2REME LT, TCRop" DN T A E 21, ef1d
SRR RN R A IR SAEH L. Kk, DNT Al i35 T RGMABRE . A5 4
TEFDAR 8 973 25 1 B S 58/ 98 0 MR8 1) 4= B S RE AL 4345493 [16]. 11 CD3 on HLA DR T cell J& Ti54L T 41
Jfil, CD3 /& TCR Z&WIM—E5 . 1abs LA T 400840 T & RS, 5 5% g fi)a =
AU . A1 LE AL CD3 on HLA DR T 20 v i B4 AR 0 bs & B TN B[ 171 S50 — TR
FORILT —Fh COAHLRFILIZ T 40M(Trm) WRE, X P THEALE CD Hif %, IR HMRRIK 2 SE R o
TER R B R i 52 2] 1 DhRE RN 3 LA CD4* Trm WA, Horp—A CD #:51% CD4* Trm E
BRIE CD161 Ml CCRS VLK CD103 &R T LRI A IR 5 1 5 R AN 2 R AE[ 18]

MRV T 400(Treg), FEAE CD HRILH ORI RS, Treg & CD4' T VA, Treg it Z Ml
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