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Abstract

Objective: To investigate the causal effects of immune cells and circulating inflammatory proteins
on placental abruption using Mendelian randomization (MR) and two-step MR analyses. Methods:
Genetic data for 731 immune cell traits and 91 circulating inflammatory proteins were obtained
from publicly available sources. Outcome data for placental abruption were obtained from the Fin-
nGen consortium (R9), including 8812 cases and 425,678 controls of European descent. Inverse var-
iance-weighted MR, sensitivity analyses, and two-step MR were performed to assess causal relation-
ships and potential mediating roles of inflammatory proteins between immune cells and placental
abruption. Results: Sixteen immune cell traits and five circulating inflammatory proteins were sig-
nificantly associated with placental abruption. CD6 and TNF were found to mediate the effect of CD8
on CD39+ CD8br cells on placental abruption. Conclusion: This study provides evidence for the
causal role of specific immune cells and inflammatory proteins in the development of placental ab-
ruption, identifying potential biomarkers and therapeutic targets for prevention and management
of this serious obstetric complication.
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Ja A R E AR IR AE S W AT B T E BER B, R REE IR —, A SBRRERRE
MBET R B ZE G N[L] [2]. 2EKEEN, FREFRM K A% 5 rE EIRE 0.3% 2% 1.0% [3] [4]. HETCif
S8 M fE B R 3R A G e r= A WO S . R AT BEAR S PR AN [3]-[5]. AT I EOR,
faRE R R RAEFEMGEZE R, EEEELERRBERSE T ANLE6]. HAh, REE KR Z =5
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AT E AL AR AL (MR)ATI 2D MR 0 #r, $R T8 S BE4H AN 30 S E PR %0 s 28 0 ) )
SRR o BRATIE 2R L G 2 20 M R TR AN JRE [R5 i A 7 SR KRS 3 0 A7 AR DR SR ORIER - FLRT 4 JRE PR 1 mT
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A FE S ) S R R R 1 3757 AT By NIIPAF, WK T 731 P R ALAN 20,143,392
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GWAS H (&35 N GCST90274758 % GCST90274848) T #k. Mf#L B4 ok H 25 24 5 K 4L Ik B4 (Fin-
nGen consortium, R9) [16], .4 8812 {5 Kk i IfiL Gt {51 FH 425,678 44 KK P LS %6f HE
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B ARG YRAHEE ] TwoSampleMR B ELER I SE SNP [17], FRATFE AR ALEH N B A
2 72 R SNP CRH P <5 x 1078 4 . 2 P B 07 126 K 2 B0 S R A MR AN R E IR 7, SR P < 1 x 10784
i BAE LAIRBUR S SNP AT N —25 20 4) o FF I ESA P47 (r2 = 0.001, kb = 10000) A& 2 F =] 7 7
Hlo N T IR TR RARE, Sk F ot SNP @ Efebs, &R SNP 51K T
10 17 SNP [18]. Fe&ILgy N 331 /M4 ia Fl 63 Fh 98 i K 1147t — 2P W 5o
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PR SR AR 2 3 H BNV AERE A ) SNP BRE)[24]. A MR-Presso Al 2 2tk 2 i 8. KH MR-
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AT sy M9 4E R Studio SAEEREH R ARA 423 58K . € & Em/RBEALIL MR R &
“TwoSampleMR” . Zuit45 1, P <0.05 I AFEERFERIE H0C & . Bonferroni £ (1.5e—4, 0.05/331)
FIAE 2 SR BB U A PH P BB . E 5 RS SRS 56 VA b v] B8 5550 11 BLES R 39 0, P < 0.05 s A7
PN A S HT

3. &R
3. REEZNIARTE

a5 R R EE MK 16 P dnu iy, FfE TR R(0VS)H SNP £i5 )y 5 & 53 N(hhi%k 8
AN KT 5 R SOER T, SNP i 6 £ 12 MN(h Ak 7 4. TELZER F it EWET 10, £
B MR 2 i B R 08 R R . Sl ST I (o 5 16 Fh e 41 i T2 FF (P < 8.17 x 1075) 2 5 AH 25 ] SNP
T L5t i 255 38 XU 52 1) o LRV d ek MR 20T 5 1A DR SR O AR 11— BSR4 T
YT, Z TR A R B SNP I HEE TS LR A TR VEAE MR 45 iR fa b

3.2. REApAXT AR R A E R

A5 FH 383 7 22 DAL (I W) 77 325 DAL e 2 A T i 258 B 1 AR R SR OB, B 16 A e 4 g 3R AL S5 fia 4t
BRAR(E 1), Hr, 13 iR A Box B IEASS, NK 4 i 2408 i 7 (OR 1.785, 95% CI
1.294~2.463,P <0.0001). —Fh oA AL, HESIHE CD4+ T 4. 4)HE CDA+4H 1 ¥ CD4 F1 CD62L
+ BE ARG L CD80, Sias R 2k, £ MR 2, KIUGEL R 540 CD4+ L
ff) CD4 & 1EA15%(OR 1.085, 95% CI 1.002~1.175, P = 0.045).

Panel Trait MR method nsnp OR [95%C1] P value
B cell CD20 on IgD+ CD24- vw . 11 1.36 [1.084, 1.705]  0.008
B cell CD20 on IgD+ CD38dim vw . 13 1.284[1.029,1603] 0.027
B cell CD20 on naive-mature B cell Ivw - 8 1.41[1.072, 1.854] 0.014
B cell CD20 on IgD+ vw e 8 1.42[1.077,1.873] 0.013
B cell CD38 on IgD+ CD38dim vw 6 1.487[1.049,2.11] 0.026
B cell CD38 on naive-mature B cell Ivw 6 1.518 [1.022,2.255] 0.039
B cell CD38 on transitional VW 8 1.462[1.102, 1.939] 0.008
cDC CD80 on CD&2L+ myeloid DC vw i 0.808 [0.672,0.972] 0.024
Maturation stages of T cell Naive CD4+ %T cell vw 6 0.691 [0.489,0.976] 0.036
Maturation stages of T cell CCRT on naive CD4+ vw 6 1.455[1.048,2.02] 0.025
Maturation stages of T cell CD4 on naive CD4+ vw 10  0.754 [0.596, 0.953] 0.018
Myeloid cell CD34 on HSC Ivw 5 1.497 [1.088,2.068] 0.013
TBNK SSC-A on NK vw = 5 1.785[1.294, 2.463] <0.0001
Treg CD28+ CD45RA~ CD8dim AC vw 6 1.118 [1.018, 1.229] 0.02
Treg CD28+ CD45RA+ CD8br %T cell vw 53 1.017[1.001,1.034] 0.041
Treg CD8 on CD39+ CD8br vw = 6 1.346 [1, 1.812] 0.05
0.5 1 15 2 25

Figure 1. Two-sample Mendelian randomization analysis of the impact of circulating immune cell levels on the incidence of
placental abruption. IVW, Inverse Variance Weighted; OR, Odds Ratio; 95% CI, 95% Confidence Interval
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SR IEMIZE, o STIAL %3 (OR 2.024, 95% CI 1.286~3.188, P = 0.002). TNFB I TNF 5%

A EIY PR
Trait Symbol MR method nsnp OR [95%Cl] P value
Sulfotransferase 1A1 levels ST1A1 VW - 7 2.024[1.286,3.188] 0.002
Tumor necrosis factor ligand superfamily member 12 levels TNF vw - 12 0.543 [0.368, 0.8] 0.002
TNF-beta levels TNFB VW - 6 0.798[0.674,0.944] 0.009
Natural killer cell receptor 2B4 levels CD244 vw - 10  1.52[1.044,2.214] 0.029
T-cell surface glycoprotein CD6 isoform levels cD6 VW - 8 1.271[1.02,1.585] 0.033
05 1 15 2 25 3

Figure 2. Two-sample Mendelian randomization analysis of the impact of circulating inflammatory factor levels on the inci-
dence of placental abruption. IVW, Inverse Variance Weighted; OR, Odds Ratio; 95% CI, 95% Confidence Interval
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3.4. ERXEEBNN SO

FRATT R P A0 i A R BEATLAR 2 — 20 B0 UE I B 2 7k 40 b D] 2 75 A 5 G 92 4 PR K IS 288 %0 7D 7 A S )
B, WATKILPAERS 2 55 K F CD6 A1 TNF S5 a8 7 #IAHC (82 = —0.611 F10.24, ¥ 3(A)). CD6 5
Jifa 45 L34 52 IEAH 52 (OR 1.271, 95% C1 1.02~1.585, P = 0.033), 1] TNF £ 41 4H5%(OR 0.543, 95% C1 0.368~0.8,
P=0.002). Bf5, AL T 50 E R RG KRG R T 16 Fhbe 4R 2%t CD6 A1 TNF 52, K IM
CD39+ CD8br 4ififs L[] CD8 5 CD6 Il TNF-J4 . 3 AH % (81 = —0.099 #1-0.095, [£] 3(B)). CD39+ CD8br
Yiff_E. 1Y) CD8 %1 T CD6 (OR 0.905, 95% C1 0.853~0.961, P = 0.001) 1 TNF (OR 0.91, 95% CI 0.857~0.966,
P = 0.002)[17KF. FRATTII45 7 CD39+ CD8br 4iiJifi_I- CD8 % CD6 il TNF A3 (1 i 25 - 34 1y 1] 482 25 S Al
rF A R (7] 3(C)) . CD6 i )4 %% v 4—0.0238 (95% C1 —0.0392 %—0.00844, P = 0.002), F141 LL 51 4—8.02%
(95% Cl —13.2%%—2.84%). TNF FI[al#%%4 M4 0.0578 (95% CI 0.0209~0.0948, P = 0.002), H/~Lufilhy
19.4% (95% CI 7.02%~31.9%). ik, WF5T45REW], CD6 Al TNF /& CD39+ CD8br 4Hjiid - CD8 /3]
i BRI EEA . & 3(D)E7~ 7 TNF B¢ CD6 @ik CD39+ CD8br 41l It CD8 /5 i fit it 5 Rt

Trait Symbol MR method nsnp OR[95%CI] Pvalue B2
Tumor necrosis factor ligand superfamily member 12 levels TNF vw . 12 0.543[0.368,0.8]0.002 -0.611
T-cell surface glycoprotein CD6 isoform levels CD6 vw . 8 1.271[1.02,1.585p.033 0.24
05 1 15
(A)

Exposure: Trait Outcome: Symbol MR method nsnp OR [95%Cl] Pvalue B1

CD8 on CD39+ CD8br CD6 vw L ] 6  0.905[0.853,0.961] 0.001 -0.099

CD8 on CD39+ CD8br TNF vw L ] 6 0.91[0.857,0.966] 0.002 -0.095
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W &
Exposure Mediating Factor Outcome Mediation Effect Mediation Proportion P-value
CD8 on CD39+ CD8br CD6 Placental abruption -0.0238(-0.0392,-0.00844) -8.02%(-13.2%,-2.84%) 0.0024
CD8 on CD39+ CD8br TNF Placental abruption 0.0578(0.0209,0.0948) 19.4%(7.02%,31.9%) 0.0022
©

Mediator
(TNF/CD6)

B1 B2

Exposure 1 po _( Outcome
CD8 on CD39+ CD8bry 'L(placental abruption)

(D)

(A) CD8 %} CD38+ CD8br 4 g%} % JiE K7 CD6 1 TNF(BL)SEM W EEA i RN R . (B) RIEFT CD6 Al
TNF X a2 R (52) K A= F S 1) RE A J2 18 R BERLAL 20 BT . (C) CD8 Xt CD38+ CD8br 4l il CD6 5% TNF Xt/
B FL S R AR FAEL (A1 B2) RV FH 23 B (81%62/80) x 100%. (D) R & /REENIL o dm . IVW, 7
ZI; OR, Hflth; 95%BE(EXE. IVW, W52, OR, HEEL; 95%E (FX A,

Figure 3. Mediation Mendelian randomization analysis of the effect of circulating immune cell levels on placental abruption

3. TR R 4Rk T3 fR 2 B RIS M R B /RBEHLIL 4

IVW £ 581 MR-Egger [81J97] Cochran’s Q Gt iR s i3 7 it . MR Egger ## 1) P {5 £ 0.501
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4. g
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(MR)FIH 2 MR 248 T8 1 G 8 40 ML RIATE BA 98 A R -0 B4 5 A DR AR . 285 SR I, 16 Ff G i 4
RFHEAN 5 FRIGIA JOE N T 5 RA R # B E A5, Hr CD6 1 TNF /% 7 CD39+ CD8br 4ii % i 4 53
f- AT
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B LA AN YR LAE K2 PRAETE L R [26] [27] SRT0, FRATHIWE R E R, TNF o] RE7EAG A& H 3+ A R
PHER, XEBEAAN AR XM R TR S FEARERE . MO bR 72 7 DL S et G 0. k4, 4t
TNF-a V697 EREE 15 L N BT ARS8 A0 W, TNF-oo B I AT RS LA 7 B — 38 24K P P BB 24,
T B U T e 3 BN R AT PREE R [28] [29]. (HAFER M2, BRA MR R N ] BEMARE T TNF-o TERR AL
BRI EH . B, TNF-a TERAAE PRI ReG B T 4E R LRI ThRe, Bkl B8, itk
T ORI PR R DR 25t 1T R AE AN AR TNF-a SR 22 S S B OCVE o DRE, FRATTAOBI 25 58 TNF-o 7E
SRR I RORE A FIARAL T A, RR R AEER R L AE IR Bt B R M R IR E I T TH . ARSR AL
PLE— B ARZR TNF-a 7578 SN RN B FAESEGRAS [FI B BN A% A B LR BLEL, DAL BT TNF JR97 5K
H&[27].

Tt 90 CIF 55 22 b 8 2 8 5 1 28 730 JXURG 185 0 A 9 [30] [31] - A1 14 T 4 (Treg 4 ) 7E 4 4 3 [R] 4
FRO et 52 B B 2 RGUHE R IR L7 TS H G VE - Treg 20 M 08 5 &Pl R A0 A %,
FLFE TR AT AR B R MR R = [32] [33] . L8R Treg 4HARTE AG A 3 (¥ B AR F Wi A4S 2 V2 BF 55, {2 Treg
S PR T R B A T I I (2 REG SRTH R0 28 A B i 5 S5O A L XU N [34] . B Al £ B P AR Bk, IF
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