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Abstract

Background: Preeclampsia (PE) is a leading cause of maternal and perinatal mortality, and its patho-
logical mechanisms remain incompletely understood. Growing evidence suggests that immune sys-
tem dysregulation plays a key role in its pathogenesis. However, whether a definitive causal rela-
tionship exists between immune cell phenotypes and PE is still unclear. Methods: This study employed
two-sample Mendelian Randomization (MR) analysis to systematically investigate the causal rela-
tionships between 731 immune cell phenotypes (including median fluorescence intensity, relative
count, and absolute count) and PE. Instrumental Variables (IVs) were selected from large-scale Ge-
nome-Wide Association Studies (GWAS) on immune cell characteristics. The primary analysis uti-
lized the Inverse Variance Weighted (IVW) method, supplemented by sensitivity analyses, including
the weighted median method and MR-Egger regression, to evaluate the robustness of the findings.
Results: The two-sample MR analysis identified six immune cell phenotypes with significant causal
associations with PE risk. Among them, three phenotypes were identified as risk factors: HLA DR+
NK cell relative count (OR=1.101,95% CI: 1.027~1.180), CD16 expressionlevel on CD14+CD16-
monocytes (OR =1.113,95% CI: 1.042~1.189), and PD-L1 expression level on CD14-CD16+ monocytes
(OR=1.107,95% CI: 1.027~1.194). The other three phenotypes were protective factors: CD62L-
myeloid dendritic cell proportion (OR = 0.931, 95% CI: 0.887~0.977), CD62L-CD86+ myeloid den-
dritic cell proportion (OR =0.921,95% CI: 0.869~0.976), and side scatter intensity of granulocytes
(OR=0.912,95% CI: 0.851~0.978). Conclusion: This study provides genetic evidence suggesting
that specificimmune cell phenotypes are causal risk factors for the development of PE. These find-
ings offer new insights into the immunopathological mechanisms of preeclampsia and suggest that
relevant immune cell pathways may serve as potential targets for future prevention and interven-
tion.
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2.2. BIERIR

2.2.1. REHRKE

731 TG R4 BERFAE Y GWAS L2 58535k U H IEU OpenGWAS %04 e o %30 di 2 T — it 3757
WM MAREFE, A 129 2200 J34 SNPs X145 B A0 4071 T 4000, Bz T 40 FRizdm
fil. BER40M. TBNK (Bf B 40, BRI, T 4000) LR T 4U07E 0 731 TG gn itk
(RIRZIA[21].
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i MR Egger. IBCHAIE. IVW. B S IAUEEE, I DL IVW IENE R 32 ZEPPAk DR S8R A 1 1k
Yoo FIRE, I DU A o /R FE AL 1L (Bayesian Weighted Mendelian Randomization, BWMR) /5% [24],
T Iy IR AT SR SR RIS R AR DR RN ) R SR AT, b DU ISR S5 R B P < 0.05 1A ST
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Figure 2. The causal relationship between the characteristics of six immune cells and preeclampsia (PE): (A) Expression of
CD16 on monocytes (CD14+CD16+); (B) Proportion of CD62L—CD86+ myeloid DCs; (C) Proportion of CD62L— myeloid
DCs; (D) Proportion of HLA DR+ NK cells; (E) Expression of PD-L1 on monocytes (CD14—-CD16+); (F) SSC-A of granulocytes
B 2. 6 R EMEMHES TRATHAPE)ER X R (A) B&AM(CDI4+CDI16+)E CD16 Fik; (B) CD62L-CD86+
88 DC it ; (C) CD62L-88% DC gtk ; (D) HLA DR+ NK #Affl SLE ; (E) B4Z4MA(CD14-CDI16+) Lk PD-L1 KiX;

(F) RI4HAEAY SSC-A
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Ffh MR J775(IVW. MR-Egger. MR A7 3055 MBS IR E S BRI — Btk (18 2), #F— P 3CHF
T RGN . R B, DLIVW R R ATEE R, JFA H BWMR 7 iEEATANMBIGE, R
2053 Hr iR K I #E (False Discovery Rate, FDR)KZIEJG, ABFFUHZAHIE T 6 P 0 Bl A7 E B 35 LR 0%
) o R AR AE . JLrp, 3 FONERIPIERI R, B4 CD62L-HE & DC (5 EL(IVW: OR = 0.931, 95% CI:
0.887~0.977) CD62L—-CD86+%E % DC i LL(IVW: OR = 0.921, 95% CI: 0.869~0.976) X ki 4H it f¥] SSC-A
(IVW: OR=0.912,95% CI: 0.851~0.978); 734t 3 FNfafu Mz, 45 HLA DR+ NK 20 A 1 Eavw:
OR = 1.101, 95% CI: 1.027~1.180). % 4HI(CD14+CD16+) . CD16 #iA(IVW: OR = 1.113, 95% CI:
1.042~1.189) J2 CD14-CD16+$ 24l I PD-L1 3R IA/KF(IVW: OR = 1.107, 95% CI: 1.027~1.194).
TEAREE R 3.

35 41 g R A SNPs J5 ¥ OR (95%CT) Foy N P Prr
BAKZZH Y (CD14+CD16+) CD163%14 23 IVW  1.113(1.042-1.189) ; —e—  0.002 0.009
A% 40 A (CD14+CD16+) FCD163R L 23  BWMR  1.123(1.046-1.207) i —e— 0.001
BARZZH M (CD14-CD16+) [-PD-L13EiA 20 IVW  1.107(1l.027-1.194) i—e—  0.008 0.009
B (CD14-CD16+) FPD-L1K & 20  BWMR 1.125(1.036-1.222) ! —e—1  0.005
HLA DR+ NKZHfE 5 kb 24 IVW  1.101(1.027-1.180) —e—  0.007 0.010
HLA DR+ NK4HME 5 Lk 24 BWMR  1.111(1.029-1.200) —e— 0.007
CD62L- % ADC S L 26 IVW  0.931(0.887-0.977) - 0.004 0.011
CD62L- #EFRDC 5Lk 26 BWMR  0.924(0.875-0.976) o 0. 005
CD62L—CD86+ & ZDC 5tk 19  IVW  0.921(0.869-0.976) —o—t 0.005 0.010
CD62L-CD86+ %8 ZDC 5 Lt 19  BWMR  0.908(0.848-0.973) +e— 0. 006
4 i 1 SSC-A 27  IVW  0.912(0.851-0.978) +—e— 0.010 0.010
LM A FISSC-A 27 BWMR  0.896(0.832-0.964) &, 0. 003
0.8IOO 1.(;00 1.2I00
Figure 3. Causal effects of immune cells and preeclampsia
3. REMIS TRRATEAR E RN
3.2. RS
Table 1. Sensitivity analysis (immune cells)
= 1. GRS (RESRE)
S - RS R MR PRESSO
- - o P BE PH PiE
HRME(CDI4+CDI16+)) CD16 Fik PE 20.739 0.537 0.010 0.542 0.607
B R(CD14-CDI16+)[) PD-L1 £ik PE 13.198 0.828  —0.019  0.394 0.835
HLA DR+ NK 2 5 b PE 24.961 0.352 0.024 0.108 0.385
CD62L—#E & DC bt PE 16.411 0.902 0.015 0.295 0.908
CD62L-CD86+% % DC 5 H: PE 12.394 0.826 0.010 0.498 0.847
R0 SSC-A PE 36.326 0.086 0.007 0.669 0.089

BUBME S HTIE— 0 03 T RIR R RO T Stk . 128, BT B RZ4iin R A S PE Z 18] 1) 58k
ARSI 2 B 2 1 G 1 5 5 1 (Cochran’s Q f3, FrA P > 0.05)BK1 2 %14 (MR-Egger #iH% & MR-
PRESSO 4 /@5, A P > 0.05), HEAR&ERIE 1. Hk, HETHFAR MR 77%IVW. MR-Egger.
IR AL S 2l BT B, S IE LS E R — 3k, @D ENE T BRI AR . &
Ja, B—ESTER, WKRGIBREA IV G, & I8N S A THE MG 45 £ 844 B {5 X ] (Confidence
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Figure 4. Scatter plot of immune cell characteristics versus PE: (A) Expression of CD16 on monocytes (CD14+CD16+); (B)
Proportion of CD62L—CD86+ myeloid DCs; (C) Proportion of CD62L— myeloid DCs; (D) Proportion of HLA DR+ NK cells;
(E) Expression of PD-L1 on monocytes (CD14-CD16+); (F) SSC-A of granulocytes

E 4. RZEMEEMIRS PE BIMEB—E: (A) RZMA(CDI4+CD16+) L CD16 Fi&; (B) CD62L-CD86+BE% DC &
Et; (C) CD62L-8E% DC Htk; (D) HLA DR+ NK #4iffid5tt; (BE) B4 4HMI(CD14-CD16+)E PD-L1 FRi&; (F) R4
BEEY SSC-A
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AWFFCRHPFEAR MR N HTHESE, RG4S PE Z MM R, T IVW 25 MR J5
%, BmAVUIA 6 M AR S PE Z MAAERRK R, BAEME, XLERHEARE: 1M NK 40/,
1 Mokigtiffe, 2 M DC PLR 2 Phepixdif. Hdr, S40M(CD14+CD16+H)/ CD16 ik, HAZ4H
(CD14-CD16+)H] PD-L1 %355 HLA DR+ NK 41l &5 tE#R 7008 PE BIfGR 3R . AR, K5t
I RE A HMGBI Al @ 4 Az 4l i I6 15 5 3 m) M1 R B AL, W2k PE & 42[25]. Vishnyakova
SSRGS, (EIRRT PE BT, CDI14++CDI16+ 5 A% 4N A LL ) 5 1F 5 4 iR 25 1, Xk — b e 7
FAZANMIAE A PE T AE T HUHE A A AT REE[26]. NK 2 AR7E ST 4R T 02 e s ik 45 h i e M o, Hoh
BE ST 2 51 R IR BRI ME SR i PE. Kurmanova 25 N IR 78 o, A T B 424, PE B35 4ME i+ HLA
DR+ NK 40 i EL ] 5225 Ty, IESEiZR 72 PE G KR & [27].

F—J51f, CD62L-f % DC (5. CD62L—-CD86+%E % DC 5 b S4B SSC-A XF PE I H {#
P EH - DC 84Uk S e it 52 v 42 56 1 28, JLIm Ik 203 SQUR/R ) LB R LA SR 1T 1 T 40 (Treg)ili L [28].
JUE H HT TR L ELHIESE DC 5 PE [A] 0 BRI SR B R, (HFRATTH A IR At 138 138t A% e o AR 7L
S5 AR AN i 2 Y (SSC-A on granulocyte) [FIFEAE A ORY 1 K 3 o AFF ST BA, WL 4H i AE A o 2 v ] — 382
CXIIBN AR R YRR A SRR IR L BT R, AT REAE D RE R T IS TR R PR 2 B R A M S
WI(NETs), 5l&5d B #&AESHAT M, MIMLKEN PE. = Fl 5 = S8 gR FE ACRE[29]

AT AL LA, QIR FEA MR J5i%, REHIN T %S4RS PE 22 ) iR 5%
2, BRI I S N LR R AL TR RS SR A, RO TISER T I AR . SR, AHE A A
ELA TR Bk, %y PE B R OCEAAE BRI AFE VAL, o TR 22 7 o] R sgn e e ek 5
BRI R R, AT AR 2 H AR AFER TR AR . Ok, SRR MR WiHRe A AU AR %
ey, (HEERAIATRESZ R Vs EFMFEARRM M. thob, ARV RN A EYITE — 35 [ v] GEA7
FERAER, ARFTA SR ORI 75 5 225250t — 2D U0 AE,  DABABA A= AL e R

5. &t

AW RGN T IS PE ZIEHRIRSCH, LR 6 -5 2000 U A7 78 30 28 TR O AR 1Y
MR . I I AN % 27 REAIE S 1R 52 S P A0 MLAE 10 B ST AR LA o B SRS P, AN
I R BRI RS O TR, ONTT AR IR T SR BEE 1 BB AR

EL£mAB
A TR TR E (24YXYJ10026).
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