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Abstract

Objective: To investigate the correlation between peripheral blood regulatory T cells (Treg) and
Assisted Reproductive Technology Outcomes in infertile patients with unexplained recurrent spon-
taneous abortion (URSA). Methods: This retrospective case-control study analyzed clinical data
from 165 infertile patients with URSA who underwent assisted reproductive technology (ART) at
our reproductive medicine center between January 2019 and December 2023. Peripheral blood
Treg cell parameters were measured using flow cytometry. According to pregnancy outcomes, pa-
tients were categorized into a live birth group (n = 78) and a non-live birth group (n = 87). Baseline
characteristics and Treg-related parameters were compared between the two groups. Univariate
and multivariate logistic regression analyses were performed to evaluate the association between
immune parameters and live birth outcomes. Results: Univariate analysis showed that the live birth
group had a significantly lower level of Treg/Lym than the non-live birth group (1.68 + 0.44 vs. 1.86
+ 0.54, P = 0.022). An increase in Treg/Lym was associated with a significantly reduced probability
of live birth (OR = 0.483, 95% CI: 0.254~0.916, P = 0.026). However, after adjusting for potential
confounders, it was no longer an independent predictor of live birth. Conclusion: This study sug-
gests that the peripheral blood Treg/Lym ratio is not an independent predictor of ART outcomes in
infertile patients with URSA.
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1. 5|

2 R (Recurrent Spontaneous Abortion, RSA) & 15 5 [l — RS2 & A2 2 YRk 2 R LA /34 28
JA LN IR B L E R, TEB I Lo RAEZR 20N 1%~5% [1]. #5r RSA BE Al gk R A ZE, BERE
B, URSA 3 PRI ORI = 24T Ry 18 50% [2] . R id i 4 B 2B B H2 R (Assisted Reproductive Technology,
ART)ENZE, HIGRIEIRZBEATVBAR, /=R HEBRGetfh . 5 b e B 5 S e 55 B f 1A
Z 1 RSA[3], HAMAAIE HE &M (Unexplained RSA, URSA), & WHLH MR 52 488 . B2
G LTt 52 SR BTN AL URSA B O K IFHLEN 2 —[4]. 51 T 49 (Regulatory T cells, Tregs) & — 4
PERNHIVE T 400, 1 AERFBEIG S5 iy 52 I OCBE A PR 4, Jd 0 2 R T H0E A NK 41 fil CD8*
T 4HM R ThRE, S AYERFRIE 2 . ARAE K BRI, Treg 4R nT 4 9l iR KIR ) Treg (tTreg) A5k
JAFE 3 Treg (pTreg), M SLFRIS 54ERENLA GZEFRAS[5]. WFARM, URSA B 4ME A7 5 4 52
21 Treg 4l A/ K DR R H 7T RE S SO0 IR G SQURBT R B S i 52 I, T 51 &= [6]. LR G
A1 R4 2 T NK 40 A1 Treg 4UMIAHSCFabRXT T URSA HARUTURMI B A b, HEREH S
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W HATHHskZHX T URSA & IF A4 ART BhZ2 838 (ARSI IT, DRI AWE T4 WA 0 1 Treg 4
Jf R FCO R 2 5 T AT URSA & 3FEA % ART B2 BB B4 . A FRiEd kil URSA & A
2R B AN A L2 Bk Treg #8454 HSHBIAEEBOR(ART) 2245 RRIR AR, DIDNIRAR il URSA &
I AN 58 T S O S R ) S e A Ak Al

2. #IRE
2.1. fAEHR

EE 2019 4 1 H %8 2023 4F 12 H AR 7E A B AR B 1= 2% Lo k12 1 165 5] URSA & FEAZIEEAT ART
WA B FAENE AN R, A REWACIEEG AW IRt O F 2 K82 RELE AR 5L
@ FAENZFIEIZWbRECREEZIE R AT 1 FRA); O Fid 25~42 % ; @ REPEMEZIIESR; ©
T EMHEHIER: © NWIIRRIER; © TR ARG AIESE B S Rt wmm. Hbrirte: © —
TSR, @ AHEMTEHTE; © NWIIREEL; @ AHEEY; 6 fA7EHLMm™E N5t
B . AW ER S B, Frfy B B R = .

22. BIRAE

221 BARE
T BB P R O SR TS R 2 RS T RSN A bk L 3mL, T EDTA FltiE o, 2 /NS
P REAT I A L ARG

2.2.2. RAMEARKN Treg ZHAE

KH 2 E BD AF]) FACSAriaTM!" i 204t B G AT Al . B 50 L EDTA-K2 Hiit 41, 77l
CD4-FITC. CD25-APC. CD127-PE #iifA, IyifAid & 20 uL, #EEHFE 20 min J5, A BD # il 10
FEREREVR 450 pL YA 1ML 15 min, BSOPesc 5 EE, ) 10xPBS Bt fa EAURI CDA'T 4H M o A 3L
5 HE, f4% : CD4*/Lym. CD25%/CD4*, CD127+/CDA4* . CD25*CD127+/CD4*, CD4*CD25*/lym. CD4*CD127+/lym.
CD4*CD25*CD127*/lym. CD25™Ma"CD127VCD4* (Treg/CD4*). CD4*CD25MhishCD127'%/Lym (Treg/Lym).
CD4*CD25""CD127*/Lym. CD4 CD25*/Lym. CD4 CD127*/Lym. CD4 CD25*CD127*/Lym.

2.2.3. B2 HFREE BRI
A5 B Y47 ART $oRBhZ . BERREHE )G 45 T % ISR S Hr . BT, 577 UNIEYR > 28 A
TSR AR . AR Bh 2R 45 Jks B 2 N P2 4H. (78 ) AN AR TS = 4H.(87 ).

2.3. GEitFEALE

SiF SPSS 26.0 Xt EEIH AT G iE 0T, XA IER S AT RS £ s E TR, g2 E
HEAT FOBCR FHBSIAEAS t AR5, P& IR A0 s BRI F s A Bk RoR, A2 A FHAES 50
AT LI o THECEORE A (o be) R R, MR EINT 5 B, SR Fisher FERRTIGREAT LUEL, HAR
TEOUCRH RIS . S5 Bk AT IR M 2 N 3 0 Logistic BT, FRAA RAEGRES /R 4 1)
FRMEREIE. LAP<0.05 NERESFiTFE L.

3. R
3.1. FAEAISFRIHEL S

LU AR U NRESE R SRR, Herpii =l 78 N, AR 43 87 N, WAL H L BUR R % 2 572,
WA 1.
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Table 1. Baseline characteristics of the study population

F 1 MR ABELEY

Bl EIE= 4 (n = 87) A4 (n = 78) P i
LITEER (X)) 34 (31, 38) 33 (31, 35) 0.057
B ER(S) 35 (32, 39) 33 (31.25, 35) 0.050

14 = 46 H (kg/m?) 22.34+3.14 2277 +2.45 0.335
FEAfi FSH (1U/L) 6.45 (5.5, 8.07) 6.5 (5.43, 8.59) 0.620
JEff LH (1U/L) 4.64 (3.13, 6.15) 4.56 (3.44, 6.08) 0.682
JEAf E2 (pg/mL) 44.3 (33.68, 64.82) 41.49 (31.05, 59.64) 0.343
A RF=H(IR) 2(2,3) 2(2,3) 0.126
ARZEA, n (%) 0.410
JRR A 10 (0.11) 6 (0.08)
A 77 (0.89) 72 (0.92)
AMH (ng/mL) 1.97 (0.98, 3.56) 2.11 (145, 4) 0.164
it 52 IR A () 13 (8, 16) 14 (10, 18.75) 0.061

ART AR BRI IRON A BRARAG R (e HET SRAE T P 4L ARE - AL AR i 2 22 5%, LAk 2.

Table 2. ART-related data of the study population

2. FARAEE ART HEXHEH

A A3 =20 (n = 87) TG4 (n = 78) PH

FEERIE, n (%) 46 (0.53) 42 (0.54)

A, n (%) 41 (0.47) 36 (0.46)
ENISE (D) 10 (6.5, 14) 12 (9, 17.75) 0.020
MR E(1N) 2(1,2) 1(1,2) 0.021
FoHE H PR JE B (cm) 0.9(0.8,1) 0.9 (0.85, 1) 0.459
REFNETT, n (%) 0.805

IVF 38 (0.44) 38 (0.49)

ICSI 45 (0.52) 37 (0.47)

IVF + ICSI 4 (0.05) 3(0.04)
H4T PGT, n (%) 22 (0.25) 24 (0.31) 0.433
RHHZE, n (%) 0.02

BN TR 49 (0.58) 43 (0.54)

PR % 29 (0.34) 37 (0.46)

FoA o5 % 7 (0.08) 0
Ve AR RALRILLBOR A Fisher K5ifiAe 5 .
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3.2. FLASMEMD Treg ZRBEEL B

Treg MHCTEAREE T, Treg MM 5 EL CD4*CD25MMhCD127'%/Lym 7E3E =4 B 2% T HEis 7~ 41

(1.68 £ 0.44 vs 1.86 + 0.54, P = 0.022), "WL.3E 3.

Table 3. Comparison of peripheral blood Treg cell indicators between the two groups

5% 3. FLESNAEID Treg 4RAEIEFREL 5L

Treg 4HfIAS 5, n (%) BTG4 (n = 87) TG4 (n = 78) P1H
CD4*/Lym 35.12 £ 6.51 3357+6 0.115

CD25*/CD4* 11.1 (6.05, 19.1) 9.8 (3.65, 20.85) 0.486
CD127*/CD4* 65.4 (43.1,73.3) 68.1 (44.78, 76.4) 0.261
CD25*CD127+/CD4* 4.9 (2.35,6.7) 3.5(1.2,6.9) 0.302
CD4*CD25*/lym 3.36 (2,6.2) 2.8(1.18,5.42) 0.127
CD4*CD127*/lym 21.43 (8.76) 20.65 (9.18) 0.58
CD4*CD25*CD127*/lym 1.61 (0.76, 2.14) 1.11 (0.33, 2.46) 0.159
CD25inthishCD12710w/CDA4* (Treg/CD4Y) 5.1 (4.6, 6.1) 4.85 (4.23, 5.68) 0.100
CD4*CD25MhighCD127'W/Lym (Treg/Lym) 1.86 + 0.54 1.68 + 0.44 0.022
CD4*CD25°“CD127*/Lym 18.84 + 8.6 19.75 +7.81 0.475

CD4 CD25*/Lym 1.2 (0.33, 2.95) 0.66 (0.22, 3.22) 0.452

CD4 CD127*/Lym 5.5 (3.59, 11.95) 5.75 (4.37, 10.88) 0.614

CD4 CD25*CD127*/Lym 0.18 (0.1, 0.3) 0.16 (0.07, 0.3) 0.709

33. BN SEIRERNERRST

R BUR LU ART FHRBORN S0 77 BEAT BN 3R 04T, SR Bon AR b b LT SRl 555 4%
BRI I 2> 2 BRI ML s TSROSO N, A2 AR AG O 2 B2 WIS R, WK 4.

Table 4. Univariate analysis of baseline characteristics and pregnancy outcomes

F 4 BREERNERRERNEERSN

A OR (95% CI) P{H
LI (%) 0.921 (0.857, 0.991) 0.027
BT TR () 0.934 (0.879, 0.992) 0.027
ENISE (G 1.064 (1.012, 1.118) 0.015
M) 0.504 (0.271, 0.936) 0.03
AN RF= L (IK) 1.156 (0.791, 1.689) 0.453
ARG RAZ), n (%) 1.558 (0.539, 4.507) 0.413
AMH (ng/mL) 1.017 (0.919, 1.127) 0.741
BLfli Sz IR A () 1.041 (0.997, 1.088) 0.071
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gk

AR, n (%)

IVF
ICSI
47 PGT, n (%)

B4
0.822 (0.4, 1.537)
1.313 (0.664, 2.597)

0.54
0.434

3.4. Treg HXIERSHRG R EE RS

= PR P~ M ZE (OR = 0.483, 95% CI: 0.254~0.916, P = 0.026), M. % 5.

Table 5. Treg cell indicators and pregnancy outcomes

% 5. Treg $EARE X SHRHARITIREE /S

20 Treg 4RO S TR AR 5IE 7 KBTI &K Logistic [A1H0#7, 4558 87R, Treg/Lym #in4s &

T&, n (%)
CD4*/Lym
CD25*/CD4*
CD127*/CD4*
CD25*CD127*/CD4*
CD4*CD25*/lym
CD4*CD127*/lym

CD4*CD25*CD127*/lym
CD25inhishCD127'%/CD4* (Treg/CDA4Y)
CD4*CD25MNighCD127'9%/Lym (Treg/Lym)
CD4*CD25'o%wCD127*/Lym

CD4-CD25*/Lym
CD4-CD127*/Lym

CD4CD25*CD127*/Lym

OR (95% Cl)
0.961 (0.914, 1.01)
1.009 (0.982, 1.036)
1.003 (0.988, 1.017)
1.013 (0.95, 1.081)
0.977 (0.898, 1.063)
0.99 (0.957, 1.025)
0.938 (0.766, 1.148)
0.81 (0.628, 1.046)
0.483 (0.254, 0.916)
1.014 (0.977, 1.052)
1.032 (0.955, 1.114)
1.011 (0.965, 1.059)
1.259 (0.513, 3.09)

P
0.118
0.513
0.731

0.69
0.592
0.577
0.534
0.106
0.026
0.475
0.424
0.659
0.615

3.5. ZAEE Logistics EYF5THT Treg EirxtEE T RS /AR

logistic [ 457 ;

HRERIFLLL VORI T REXS Treg AN SURUREE BRI, IATLL Treg fRFr N AR RE LW ZH R
BRI Treg TG R: 55 MR AIN Treg fiibr DAL AL 4 Xt AEgR

iR R RS TORME B . 2RI, Treg fRARnS T 4R UR4S J= 0 K 2E 70 B 2% SR HK (P > 0.05),  ML4% 6.

Table 6. Multivariate Logistic regression analysis of Treg cell indicators and pregnancy outcomes
= 6. Treg tHXIEFR SITIREE /AU Z E & Logistic BYA5r 4

i1 iR 2
ZE, n (%)
OR (95% ClI) P1H OR (95% CI) P1H
CD4*/Lym 0.966 (0.843, 1.107) 0.62 0.99 (0.859, 1.142) 0.892
CD25*CD127+/CD4* 1.451 (0.877,2.399)  0.147 1.56 (0.914,2.662)  0.103
CD4*CD25MhighCD127'%/Lym (Treg/Lym) 2.077 (0.196,22.001)  0.544 1.603 (0.14, 18.329)  0.704
CD4*CD25WCD127*/Lym 1.056 (0.989,1.128)  0.103 1.064 (0.989, 1.145)  0.094
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4. ¥1ig

RSA R A, ImKIZIGFRAEA —, J& H BT R R5 ff Pe f Ed SE R 1) 2 e 22 DAL BRI 1R HF e BT
o T A NG R G % (1) B2 538, 4R FLR I 40 1 S D BRI v R4y AN R, 2 240 HE CD4*
B T AR CDST AR EEYE T AR KIS, 76 CD4*T 4Afiarh, HE4E 20 WA i 4 D) 1 B S g R 15 T
e, MAIHE—B X438 Thi. Th2. Thi7 5iF5ME T 400 (Tregs) 2 2 MIhfe3sA . Thl 400 5 B A4 fk IL-
2. IFN-y Fl TNF-a 552 % K1, 31X 87075 30 A I S 28 S Boam B ;9 s S A I R ol A% A, SR AE
WEORIRAS T, W mAKPE) Thl RS ATRETHRRIR K & - Th2 B i 374 IL-4. IL-6 F1 1L-10 Z54H
IR, X SR A B T B 4SS50 7 A, RN xS TR EIE GG R SRR AR IR B AT SCHREH .
Th17 SR LA 53 1L-17 J9RRAE, 7 30655 e 17 10 B s ok B o/ S Ak O THT R DG DhRe, UH T 18
PN IR R AR 2R sl B AT EE B o Tregs I 204 IL-10 F1 TGF-p M ME4u M (A 7, E4ERr 5 5
M 52« A2 3t (R P S A R A A A0 L R 3 37 B i S T S e i 52 v R 3 G BRVE o 1 40 B = 1 s/ b B T e
FH, W SRR R &5 R VIAHK[7].

URSA [R5 Tregs i X UIREM 5 A % AT T B WIRERE, SME B A [EHE . aTKH
AT [8]. DAL,  BHAAAN JE I b 5 40 B LE AN B JER DR 52 R 13 = v ) SRRV E FA ML), s ST HL
FREEIN S E bR, TR MIERIZE 567 B A EZEME. 2000 CIUESE, URSA B34 M
JE A ZI Treg 4HERILLGI S DhRE BB K T IEH R AT B0, Keller %@ RGN K I,
URSA 35 71 JE AN it B o (1) Treg 7K 5 Thg ¥ B BAR T 1E 5 6t 4 [9] .« Luo 283t — B i 5T IESE , URSA
S HME I Treg (52T I REAFIEBRIA[10]. BFFER BT, URSA B a1 4 Il Treg KF OB KT
B RIEE LR, AR 2 AT s RS E i CD4*CD25% Treg /KT F# ik 55 URSA 3 J5 4
TP AR A G, ATAE AT URSA 35 BRI I TEAE bR EWE, SR T 7L Treg ARic AR
CD4*CD25%, KR4I CD127 B¢ Foxp3 S5 R EAREYI[11]. R — 2L 53R Tregs 1 ELHIE TP
IR B D B8 B RER 5 AN BE R DR &R M 7 (URSA) R AE 2 DA S, (BT FLR0 Tregs (7124715 R
FRME, XL R IR H A5 1R [11] [12] LRI IS AE T Treg MR AYHFME, F CD4*CD25M"CD127"w"
18 Tregs FHIRFAEMERR &4, KL URSA &3 41 & 1 H CD4*CD25MI"CD127"% Tregs 4 il 50 15 2 P41,
HiZ 240 M k% A S 5 S R 7 FOXP3 (14 A iRk /KB EA B R % . FOXP3 /& Treg 40 shfigim b i)
BORH T, HRIABRICER R T Treg Sl DhRe M 32450, 7 Ae 3 ZBHIA L1 e i 52 <, AT
B KR [13] [14]. 2R10, SRTHEE Treg 4L RE S5 URSA & JF A2 3 Bh A 45 R 16 56 R AT T4 4%
b, B RAFAESL.

AW IR 73BT 165 7] URSA & A4 g IR M A 1 Treg 40 S5 40 Bh AT E AR BI 2245 RIME R, 5
R ras B EoRs, AMEM Treg/Lym EUERBEIN 1%, 3577 MHERFFE 51%. £ 2 HERER,
Treg/Lym [FBSTFNAE I 2%, X R SRR, 5 1SR nT e 2 B4R RS . O R NiME . MERR R A E
ST BRI PR DR 25 A e SR A% o FRATTICN Treg/Lym 76 2 R AL b 2k 2 B35 M T BRI R R 7E T AR AL
o, TTEER . BOTHERS . SRON SO RS A VR G S AL G PR i BR AR R R 3R A A b B S A R 4G R 35 AR
K(F 4), HEWARMAEREZRGR 1. £ 2), REERIEIMKSLE A O ZIEsEx ART 45527
SO o G, RS SR B O BRI M T B AN T P A A2 1 AR SR OB WP B4k 5 R N
BRI IS RAG I AT IR TR MR IR BN Bk RBE IR RE . AE 2 IE AT, 25X Lesm Tl
KNG, Treg/Lym [FRSSBNZ ARSI “Fike” B “HEds” , XRZIER, 75 URSA &HAZNHE
o, MECTAME L Treg/Lym LU, AEEE . NS0k # S VR IG 2 DR 3 060 7= 45 JR) IR o e A FH B 5, HL s
T Treg/Lym FIREIASI RN . BEAL, Treg/Lym A< By Al g A2 U0 SR, PR S, Hikz)
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P 5 At G 2 4 R T 1) 58 ELAE T R AE ARSI e 78 0 VP AL, g — P EI9S 7 B i (. X 4R
T ¥ G P hn BT RIG R TS b AT S5 A VPRI I EE I . ASHIE SRS () 2 A R L, Treg 4HAR, oA
IR UR (tTreg) 5 48 A 75 F (pTreg) IR G RER . AW, URSA B4 P IX P A RIR ) Treg 40 sy vl
REAFAEBC R AT BRI EREG « DAL, RRBFTEIE— 0 X 5 tTreg 55 pTreg YEAF, KA BT FG i H4E R Treg
Y 7E URSA H A FH AL -

KWL RKIN, fERIGRIBARWZRIN S 4. BMERa 4. HCG H NS S ZA45 /M oe, XY
RO TR 5, D UESE T X SRR AE TN B 22 45 R I . ARSCH T2 B MR 78, Rxd &
IR RES J5 ST 7 BT VEABE AL, ORI T A E 1L Treg 4HME, AR [FIRHRS I 15 N IS8 Treg 41
Wi, JE#FSIERGRATRER RENEIE . RRFEERFEAR, ZHOMHT, HEET 5 AR
K, HE—BIAESES, IR NIRITASESRIE Treg 401 (tTreg vs pTreg) s i iR 45 J&1 1) L AR K LA -

H AR RARAE — B R R . o B 8AE T Treg AR MIARIE Ak RS —: oW 7 RA
CD4*CD25'CD127 HIZR bR EMREATIRAI[15], 10 537 WA P e [R5 (in FOXP3) 1 9 e HKHE [16],
X 2 ] BE S s B (AR S . S URSA I R G A 52 A BT, ELASHIT 95 25 SR 45T Treg 41
FAE URSA JIG ML I/ AR A T YD AREE . AE v —THRREMEII L, SRR BA R . 5834
Wb — D RFEARRUE, DA RE AT PPl Treg ZHPAR/KFE TN URSA S35 IR UR 45 = I R -

5. &

AT I, URSA & AZ 3541 A IfL Treg/Lym LU TE BRI 28 70 Mt v 5 3% p= 45 R A O, (HIEARRIE
ARV A R 3R, HAMOL IR RITE R . X380, A Treg A S Z v 562 5 URSA AR HLA], {HAH
JA I Treg/Lym LU M ANRENE N2 2K 3 ART 3™ 45 J5 AR SZ T br 25420 o

SE
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