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Correlation of TLR/NF-kB signaling pathway-related gene levels in peripheral blood with
Th1/Th2 balance and pregnancy outcomes in pregnant women with syphilis infection

ZHANG Xiaoyun,MA Linghua, QI Xin,ZHOU Xia, GE Jiaxin
(Department of Obstetrics, The First People’s Hospital of Yinchuan, Yinchuan 750001, China)

Abstract Objective To investigate the correlation of the levels of Toll-like receptor (TLR) /nuclear factor-«B (NF-«B) signaling path-
way-related genes in peripheral blood with helper T cell (Th) 1/Th2 balance and pregnancy outcomes in pregnant women with syphilis
infection. Methods A total of 212 pregnant women with syphilis infection and 212 healthy pregnant women were prospectively enrolled.
The expression levels of TLR/NF-«B signaling pathway-related genes in peripheral blood , proportions of Th1 and Th2 cells among CD4™T
cells,and levels of Th1 cytokines including interferon-y (IFN-y) and interleukin (IL)-12 and Th2 eytokines including I1L-10 and 11.-13
were measured. Pearson and Spearman correlations were performed. In addition, multivariate logistic regression analysis was performed to
identify the influencing factors. Receiver operating characteristic and decision curves were created to assess predictive performance and
net benefit. Results The levels of TLR2 mRNA,TLR4 mRNA ,NF-«B mRNA, IL-10, and IL-13 and the proportion of Th2 cells were sig-
nificantly higher, and the levels of IFN-y and 1L.-12, proportion of Th1 cells,and Th1/Th2 ratio were significantly lower in pregnant women
with syphilis than in healthy pregnant women (all P < 0.05) . In pregnant women with syphilis infection, the levels of TLR2 mRNA, TLR4
mRNA , and NF-«kB mRNA were negatively correlated with the levels of IFN-y and IL-12, proportion of Th1 cells,and Th1/Th2 ratio (all P <
0.001), and positively correlated with the levels of IL-10 and IL-13 and proportion of Th2 cells (all P < 0.001). Non-standardized treatment
for syphilis; a syphilis titer of =1 : 8; and elevated TLR2 mRNA,TLR4 mRNA ,and NF-«xB mRNA levels were identified as inde-
pendent risk factors for adverse pregnancy outcomes in pregnant women with syphilis infection. The combination of TLR2 mRNA , TLR4
mRNA , and NF-«xB mRNA revealed superior predictive performance and net benefit for adverse pregnancy outcomes compared with that of

each indicator alone. Conclusion The levels of TLR/NF«B signaling pathway-related genes in peripheral blood are elevated in pregnant
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women with syphilis infection and closely associated with Th1/Th2 imbalance and an increased risk of adverse pregnancy outcomes. More-

over, these biomarkers exhibit favorable predictive performance and net benefits for adverse pregnancy outcomes.

Keywords pregnant woman; syphilis infection; TLR/NF«B signaling pathway; helper T cell; pregnancy outcome

e EE e A RE IR AR S B RGe 1 g
PEAARRPOR " AR A MR S48 2P IO 4T
BRI S B A MR A SRR, A MR e S T o e
1L REBGLIG L, HE3E BUIR LA K SZ B ™ LA
T AR AERE LR B8 BRI S 2 RN R AT
RS IR o 2 R G B A AR A 5 B A R 1
FAE Y, H A TollkE 57 & (Toll-like receptor, TLR)
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U 7 X ARYE LIRSS R, B M s L 22 1 AN R
RS M (APOA]) HAEA R AT URES R4 (JEAPO
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Tab.1 Comparison of TLR/NF«B signaling pathway-related gene levels in peripheral blood and Th1 and Th2 cytokine levels in preg-
nant women
Item Syp hﬂis_inﬁz:zl; lr ;ﬁnanl women Healthy pregnant women (n = 212) /U P
TLR2 mRNA 2.37+0.70 1.16 £0.33 22.765 <0.001
TLR4 mRNA 2.76 £ 0.86 1.36 £ 0.44 21.101 <0.001
NF-k B mRNA 3.18£0.89 1.84 £0.57 18.461 <0.001
IFN-+y (pg/mL) 593 +1.37 10.11 £2.85 -19.247 <0.001
1L-12 (pg/mL) 9.51 £2.50 15.23 £4.17 -17.129 <0.001
IL-10 (pg/mL) 15.74 £ 4.82 8.40 +2.04 20.419 <0.001
1L-13 (pg/mL) 7.36 +2.23 397 +1.38 18.822 <0.001
Proportion of Th1 cells (%) 5.27+1.03 8.54 +2.47 -17.860 <0.001
Proportion of Th2 cells (%) 829+ 1.54 5.80+1.25 18.278 <0.001

Th1/Th2 ratio 0.63(0.53-0.79)

1.45(1.11-1.87) 1 883.500 <0.001

2.2 MEEE YA ML TLR/NF -« B 5 18 A ¢
FEP 7K -5 Th 1 FITh 240 i PR 77K S Al AR e
PearsontH 5 fISpearmantf 5 73 #1485 5 7~ , #ff
5B YL 22 49 A1 JE M TLR2 mRNA . TLR4 mRNA NF-
kB mRNA STFN-y/K3F TL-127KF  Th1 4 i He )
Th1/Th2 kb {H & A & (TLR2 mRNA :1/r, = -0.572
~0.637.-0.625.-0.644, ¥JP < 0.001; TLR4 mRNA :

t/r, = =0.549 .-0.513 ,-0.603 .—0.662, ¥JP < 0.001 ; NF-
kB mRNA :r/rs = =0.514,-0.660 ,-0.592 . -0.682, 1}
P <0.001), HTL-107KF \TL-137KF  Th24i ffd b f51] 2
1E #H 5 (TLR2 mRNA :r/r, = 0.634.0.570.0.556, 13
P <0.001;TLR4 mRNA :1/r, = 0.566 .0.546 .0.581, 3
P <0.001;NF-kB mRNA :r/r, = 0.553.0.596 .0.624, 13
P<0.001) .
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Tab.2 Comparison of clinical characteristics among syphilis-infected pregnant women with different pregnancy outcomes

Ttem APO group (n =51) Non-APO group (n = 161) X U P

Age (year) 29.45 £ 2.81 28.91 +2.46 1.329 0.185
Gestational age (week) 2427 +£4.73 25.30 £ 4.75 —-1.342 0.181
Body mass index (kg/m?) 27.27+3.53 28.10 + 3.87 -1.355 0.177
Gravidity [n (%) ]

1 time 14(27.45) 49 (30.43) 2.479 0.290

2-3 times 23(45.10) 84(52.17)

=4 times 14(27.45) 28(17.39)
Parity [n (%) ]

Primipara 16(31.37) 64(39.75) 1.157 0.282

Multipara 35(68.63) 97(60.25)
Syphilis stage [n (%) ]

Latent 40(78.43) 114 (70.81) 1.492 0.474

Stages 1-3 1(1.96) 8(4.97)

Unknown 10(19.61) 39(24.22)
Syphilis treatment [n(%) ]

Standard treatment 24 (47.06) 110(68.32) 7.531 0.006

Non-standard treatment 27(52.94) 51(31.68)
Syphilis titer [n (%) ]

<1 :4 31(60.78) 139 (86.34) 15.917 <0.001

=1 : 8 20(39.22) 22(13.66)
Delivery mode [n (%) ]

Vaginal delivery 19(37.25) 71(44.10) 0.743 0.389

Cesarean section 32(62.75) 90 (55.90)
IFN-y (pg/mL) 522+1.25 6.16 +1.33 -4.465 <0.001
IL-12 (pg/mL) 8.22+2.52 9.92£2.35 -4.420 <0.001
IL-10 (pg/mL) 18.11 £4.04 14.99 + 4.81 4.191 <0.001
IL-13 (pg/mL) 8.49+1.98 7.01£2.19 4.308 <0.001
Proportion of Th1 cells (%) 471+ 1.15 5.44£0.92 -4.633 <0.001
Proportion of Th2 cells (%) 9.04 + 1.41 8.06 = 1.51 4.129 <0.001
Th1/Th2 ratio 0.53(0.43-0.63) 0.66 (0.55-0.81) 2 017.000 <0.001
TLR2 mRNA 2.85 £ 0.68 2.21+0.63 6.158 <0.001
TLR4 mRNA 3.37+0.76 2.57£0.80 6.351 <0.001
NF-k B mRNA 3.80+0.82 2.98 +0.82 6.224 <0.001

DIMTRIATT (Je=1, 75=0) MMM IE (= TLR4 mRNA \NF-xB mRNASELEZ LRI, R 94
1 : 8=1,<1 : 4=0).TLR2mRNA (J5{E3: A). TLR4 AR GRS R OR B=1, Bif=0) KH A8, 87
mRNA (FE 5% A) NF«B mRNA (JFAESEA) AR Z I Rlogistic AR, 2 8 L M58 (U5 2
= (Th14AE N 7 MTh2 4l jE N F 5TLR2 mRNA . KN F34<5) 453 R MR BEIAYT M
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Tab.3 Multivariate analysis of adverse pregnancy outcomes in syphilis-infected pregnant women

Variable Allowance VIF B SE Wald x* P OR 95%CI
Non-standard syphilis treatment 0.951 1.051 0.739 0.343 4.643 0.031 2.094 1.069-4.100
Syphilis titer =1 : 8 0.947 1.056 1.158 0.456 6.436 0.011 3.183 1.301-7.788
Elevated TLR2 mRNA 0.285 3.508 0.785 0.304 6.652 0.010 2.192 1.207-3.980
Elevated TLR4 mRNA 0.275 3.643 1.300 0.304 18.222 <0.001 3.669 2.020-6.663
Elevated NF-k B mRNA 0.208 4.801 0.553 0.239 5.336 0.021 1.738 1.087-2.778
Constant - - -7.937 1.461 29.503 <0.001 <0.001 -
FERIZKA AN B GEREEs J5) ) S 50 RE A Al £ Koy ,Z = 4.701 .,4.279 .4.405 , 3P < 0.001) . J 5 i 2k

LLAPOAH A N BHHEFEAS , EAPOZH 22 15 R B R, 7E BIE0.10~0.854 Bl P, 4N L TLR2 mRNA
PEREAR, 25 HIROCHTZR o &5 8 /R ANE I TLR2mRNA,  TLR4 mRNA \NF-«xB mRNA = 3 Bt & 10 A 75 Jlk e
TLR4 mRNA \NF-«B mRNA = FBC G T RE L 2 200N R AR AR ES Ry 4 8 R T 4% i A B 000
TN RAT YRS R AL R T A HEAR A U (Delong — WL3R4 &1,

x4 EERREZAINEMTLR/NF«BIE S8R 18 E E K F XA RITIRE SR i aE
Tab.4 Predictive performance of TLR/NF«B signaling pathway-related gene levels in peripheral blood for adverse pregnancy outcomes

in syphilis-infected pregnant women

Ttem Area under the curve 95%CI P Cutoff value Sensitivity  Specificity Youden index
TLR2 mRNA 0.740 0.675-0.797 <0.001 3.03 0.412 0.919 0.331
TLR4 mRNA 0.758 0.694-0.814 <0.001 3.61 0.471 0.932 0.402
NF-k B mRNA 0.756 0.692-0.812 <0.001 3.54 0.628 0.739 0.367
Combination 0.905 0.857-0.941 <0.001 0.16 0.922 0.752 0.673

1.0 + 1.0 7 — TLR2 mRNA
- —— TLR4 mRNA
= i NF-xB mRNA
0.8 - OE' 0.8 —— Combination
f All postive
oé 0.6 | — All negative
Z 0.6 E
= = 041
£ =
£ 04 £ 02
0.2 + — TLR2 mRNA 0.0 - N -
4 —— TLR4 mRNA : ; . . . .
NF-kB mRNA 0.0 02 04 06 038 1.0
0.0 4 — Combination High risk threshold
T T T T T T T T T T T 1
0.0 02 04 0.6 0.8 1.0 1:100 1:4 2:3 3:2 4:1 100:1
A Cost-benefit ratio B

1-specificity
A,ROC curve;B,decision curve.
E1 HHELEZASNENTLR/NF«BIE SiE HH X EFKFRNA RIEIRE FHROC #h 2 F1 5Kk M 2%
Fig.1 Receiver operating characteristic and decision curves of TLR/NF-«B signaling pathway-related gene levels in peripheral blood for

adverse pregnancy outcomes in syphilis-infected pregnant women
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