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[Abstract] Objective To analyze the differential expression of nucleotide-binding oligomerization domain 1
(NOD1) in maternal-fetal interface cells during early and late pregnancy, and to investigate its molecular mechanisms in
mediating inflammatory responses. Methods Immunohistochemistry (IHC) and reverse transcription-polymerase chain
reaction (RT-PCR) were used to detect NODI mRNA and protein expression in normal first-trimester villi tissues (n =
30), normal early pregnancy decidua tissues (n = 30), and normal full-term placental tissues (n = 30). Human chorionic

trophoblast HTR8/SVneo cells were stimulated with tumor necrosis factor-alpha (TNFa) at various concentrations (0,
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0.01, 0.1, 1, 10, and 100 ng/mL) and exposure times (24, 48, and 72 h). Real-time quantitative PCR (qRT-PCR) and
western blot analysis were performed to detect differential expression of NOD1, receptor-interacting protein (RIP)-like
interacting CLARP kinase (RICK), and p65. ELISA was used to analyze the secretion levels of inflammatory cytokines IL-6
and IL-8. Electrophoretic mobility shift assay (EMSA) was conducted to assess the DNA-binding activity of nuclear
factor-kappa B (NF-xB) and to investigate the regulatory mechanisms of NODI signaling pathways in trophoblasts.
Results NODI was expressed in normal first-trimester villi, decidua, and full-term placental tissues, primarily localized
in the cytoplasm of trophoblasts, vascular endothelial cells, and decidual cells. The difference in NODI1 expression
between full-term placental tissues and first-trimester villi and decidua was statistically significant (P < 0.05), with higher
NODI1 expression observed in full-term placental tissues than in first-trimester villi and decidua. TNFa upregulated
NOD1 expression in HTR8/SVneo cells in a dose- and time-dependent manner. IL-6 secretion levels positively correlated
with TNFa concentration, while IL-6 and IL-8 release exhibited time-dependent responses to TNFa stimulation.
Furthermore, TNFa stimulation enhanced RICK and p65 expression and increased NF-kB DNA-binding activity.
Conclusion NODI is constitutively expressed in trophoblasts and decidual cells at the maternal-fetal interface during
normal pregnancy, participating in the regulation of the gestational process. Changes in NOD1 expression correlate with
TNFa-induced inflammatory responses. TNFa may trigger inflammatory cytokine release via the NOD1-RICK-NF-kB

signaling axis, mediating inflammatory cascades in trophoblasts. These findings provide novel insights into immune
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regulatory mechanisms during pregnancy.
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E 2 NOD1ZHMERAM LML R
Fig 2 Immunochemical detection of NOD1 protein
Immunohistochemistry (IHC) was performed to detect NOD1 expression in tissues, with brown staining indicating positive signals. Black arrows indicate villous
syncytiotrophoblasts, the white arrow indicates villous cytotrophoblasts, the green arrow indicates extravillous cytotrophoblasts, the red arrow indicates vascular

endothelial cells, and the yellow arrow indicates decidual cells: villi of the first trimester (A) ; decidua of the first trimester (B); term placental tissue (C). Scale bar = 200 pm.
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Fig 3 qRT-PCR analysis of NODI mRNA expression levels in HTR8/SVneo cells treated with different concentrations of TNFa for 24 h (A) and with
1 ng/mL TNFa for varying durations (B)
* P<0.05, vs. the control group (0 ng-mL’l TNFa or 0 h); 4 P<0.05.n=3.
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Fig 4 Analysis of NODI1 protein expression levels in HTR8/SVneo cells treated with different mass concentrations of TNFa for 24 h (A) and with 1 ng/mL

TNFa for varying durations (B) by Western blot

" P <0.05, vs. the control group (0 r1g~mL’1 TNFa or 0 h); 5 P<0.05.n=3.
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Fig 5 ELISA analysis of IL-8 and IL-6 secretion levels in HTR8/SVneo cells after 24 h of treatment with different concentrations of TNFa (A, B) and after

varying durations of treatment with 1 ng/mL TNFa (C, D)
" P<0.05, vs. the N group; * P<0.05. n = 3.
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Fig 6 Western blot analysis of RICK and p65 protein expression levels (A-C) and NF-kB transcriptional activity (D) in HTR8/SVneo cells treated with

different concentrations of TNFa for 24 h

" P <0.05, vs. the control group (0 ng-mL’1 TNFa); 2 P<0.05n=3.
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TEAE R AN B I A TNFaK i TR s 22100, A
5T FHAS [R] B i v B TNF ol HTRS/SVneo i HfY, 7 15,
5% T HTRS/SVneol iii & 21 J¥, KBl TNFoii
B A 38 % A . HUBERZEHRIE 10 ng/mL
TNFa AR5 M HTRS/SVneo il 14 58 K 441 At J& 1 1) 3 A
MNTTHERR T TNFookh 20 L3 5 il 1 1952 m . ASBIFSE & BE,
Bifi 25 TNFoiH 9 B T, NOD 13 1k 5L il At 1 14
TEAERFE AT, JLERIA KT Bif o ) A28 K 52 1T 34 ¥
T 30T RESE T TNFafE N 40 2 ANOD 1A 15 7
A2 B RTJPE PR -0 AT S L1, IL-6%5 4 U K 4 e 9
BRI . PRI, IR TNFafE b 5 S HTRS/S Vneo 4l
JANOD 13k, U TR AN 9 I sh HLA o B AUk
P, TR ] B 5 70 R TNFodilii S 2 NOD T T, 2
715 20 38 2o 67 2 U5t 3 G Ao AR S g R e AR I 2
M AFEE . LU 45 R, TNFa/ S 541 ENODI
9 L 1 4 i R el A o ) SRORE R RLUNE, ST B HE
TR 2% JH B BRI AR S T8, 1 e PR AL LA
HEAPRIEAEIE L 7346, ARWVFFERIESL TNFafili#g nT
F A AL UE 2 57 40 BRI -8 P IL-6 1% 43, TL-87K -
TE24 hik V(R Fifi BT 1] SEE T T A, TL-6 00 2 W Ry 45
21 LRI, W TNF afE 1% 5% 4 M v ml 6l ok 2 A50HH 240
Rl 12, AP IL-6 4 IL-8 B B A YR o TL-6194F
S 07 IR HAETNFas -5 B HTRS/SV neo 4 Jfl f 2 45
B ELAT SR, T B A ET/BIbk B AN A TS A,
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AR A BN OD 1 H A 12 77 40 A 422 [ A e 5538 o 1 e
PELS TL-6 5 TL- 8114 2 S5 VR P BB SR I 28 SR N 2
HARTRI T RE 2y T, IL-8 32 S R A A SV, TATTL-64E 45
et e sk

RICKJE 7 22 5212 - 5 SRR T 1) MU 26 11 40, L4k
AL 8 T RINOD J3 1 %000 AH 7] Y caspase 5 45 45 1 1)
(Caspase recruitment domain, CARD), "] I 5&H
CARDIER 15 FAHES & R IR 2 F IO . AR5
RIR, 5F7 HE  RICK 2 34 52 I TN F o) 5t A9 1 981 422,
H5NOD1F A —2, $27RRICK F] AE 2124 77 4
JINOD 1155 38 [ 1 (4 WAL 73, HAE P S B e
YA B YIAE, 35 RICKTE HA AN B 5E 25
—H*, NF-kBAE Ry —FhE % R 7, 2432
B A2 (50 A, 0 T 0 4 22 o A S8 B R e 3k
FRIF17, HOE Al 5 38 7T (] 4557 H d 2 W Fep 65 & A ik A
RN BRI . STROBERZEIF 5 & B, /N BRI L £F
Ak B RICKHE PR 53 7T 58 2 BHISTNOD 1/NOD 241 2 1
NF-xB{ififk, MRICK I #MESE 42K S NF-k B2, S5 A
FGR—F, P EYI10 ng/mLFI 20 ng/mL TNFofi]
BHTR8/SVneodli il J5 35| E NF -k B 14 (Y B,
10 ng/mL TNFafil#{HTR8/SVneo 4 i 55 p65 MIA%FL
K0, AR E I TNFait S B 40.1 ~ 1 ng/mLH,
RICK. NF-«kBHIp651)Feik M/ s it e vmr, Bt JF 4R T
Rt XH7R T NODIA™M T[4 I AT REAE 78 B aff 1 i
2 WEL, DA R Gk BE SR VA 1 B S Bt T A A g
155 1 70 S A P B A %2 . NOD1 ., RICKHlp657E
1 ng/mL TNFaffikIE(E, MNF-kB&S & 15 PELE0.1 ng/mL
Aot e g, AEAE AR 7, 1T FLIL-6 S5 TL-8AY /I ZE A 13
TR REAIR I AR T 57, B /R TNFolE R i 352 4 & P I
RO PR T, 2 TR N N F-k BTG AL T RESE A7 AE HABAS 5
PS5, NOD1-RICKAI SR X — 145 W 2% (1) — 21
BT . WANGAEWFSE R U, 75 22 9 B4 41,
NOD1/NOD23 ik 5 Fh o 233 1 s 22 2 s Ak i A
P4 (mitogen-activated protein kinase, MAPK) /p38{5 %
L, IR AR 2R EE T, SR SR A 2 R A
G838 [ 7] AT REAEAE S 24 38 B, TR 2R 456 ) B 5
SERARPENF-«BIREEHLH, A5 EA R T MAPKGE #% 1 2
5, TSR ARMI T Ly ]

25 b, ABFRIESNOD 223635 T I IR IR BE R A
THT P26 S A 0 S St B A PN, 25 1 I G Rt R 1) 1A
IR IR A & B e T RE S T e R g, E
NODI1EEA M T IRAERF . TNFodfill ] [7) i 515
NODI1F ik il LL R IL-6., IL-8% 48 4F [H 1 BB, IF1E

R RICK-NF-xBA5 = 3 % (1) 300 , #2278 TNFa i) i
NOD1-RICK-NF-«kBf 5l il & 4 E Pl F Rk, /- 5%
N LY 98 R DRI SN, A1 o3 LT o5 it — 2P ik
NOD 1) E7 5556 K oAH 1 40 A7 2= SE e AT I Il . AR
WF5E A R A TR T W R R AR S A AR ) B e Il ML A 2
BT SIS RIS 5 1]

* * *

PEETIRAB RIS 5Ti SO B AR, ATk, WIR SRR
S S 1R, FRAL 2R U AN A o 13 97 ST IR A A T AN 5T ik, X
S SR SE B STRE o 2 E A, 2R ST IRAE, 2 RIS R ITATY
T HAERL, AR TTE SCHIE L SR, W S AT S g S 1,
FHATHE S, SBHE SR SE S M SR rafEEC e
W ST AT AT, ELXPHE B R I A AT IR 28 5, F: [l RO AR
B FTA DT T 55
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