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RILERZRNELZE

LR XM xR4T REZS OEARED THRY EEE SRR
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HE 6 A F % 5 16 LA K % Fi(fetal growth restriction, FGR) & 4048 %, 12 2 & 4 AU
F AR A AW, % XA GEOZKIE & K IFOT/N B 7 f6 A A A8 1 NFGRAS FEAE A 69 3L B % K 4K
BE, AW EF AR, £ 7 KA LR (DE-mRNAs) £-£'5 & FT#0LE F. HIFlaA#mTORS 13
SR, AL mp K gE. ¥, AT A BN SR E A iTAR. PPIR oAk L IL12/4 KA
A (hub gene). %J)ﬂRT-qPCR%ﬁ JEPPIM %547 & I X 4E X B (hub2k B ) PPBP. DUSPI. LEP#=
CXCLIOS 54 913 8. F AT R —3 . FGRGHA R FREFE LT, 5 EF I5E48k, FGRA
EARBARELT AR IR A B AW 2 Z R, #—F RT-qPCR7 %3k 5, PPBP
FEFGRALISFL ¥ 09 AT B F W6 £ 4048 . PPBPAE 3 27 7T #hikF-BeWotm I Atk Ak it #2 b & ik
L. FIRPPBP/EBeWokm I ik At F fo S AR ALAT L4 B-hCG. Syn-142GCM 184 & iA v A CREB
BRERAC KT T . BER A X I, PPBPT #4il id B4 5k A an J o U A 5 FGR#G R A K .

xR RBILA K IR, A mie; AL, PPBP
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Abstract ~ Abnormal placental development is associated with FGR (fetal growth restriction). However, the
mechanistic bases of FGR have not been clarified. In this study, the mRNA datasets of 97 normal placental samples
and 81 FGR placental samples were obtained from GEO database. Bioinformatics analysis of all the data showed

that the DE-mRNAs (differentially expressed mRNAs) were mainly clustered in the chemokines, HIF1a. and mTOR
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signaling pathways, and participated in biological processes such as cell inflammation, proliferation, apoptosis

and hypoxia response. Further, 12 hub genes were identified by PPI network. RT-qPCR was used to verify the hub
genes, including PPBP, DUSPI, LEP and CXCL10, and the results were consistent with the bioinformatics analysis.

Histopathological investigations revealed hypoplastic distal villous, increased syncytial knots and impaired syncy-

tial layer in FGR placentas compared with normal placentas. Moreover, RT-qPCR confirmed that the expression

of PPBP in the placenta of the FGR group was lower than that of the normal group. PPBP was up-regulated in

the process of forskolin-induced fusion in BeWo cells. Knockdown of PPBP gene impaired the fusion of BeWo

cells by inhibiting the expression of syncytialization markers, B-hCG, Syn-1, GCM1, and CREB phosphorylation.

These results suggested that PPBP might be involved in the pathogenesis of FGR by inhibiting the fusion of tropho-

blasts.
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N FR B WA K 52 B (intrauterine growth restriction,
IUGR), A& ¥ W EIRIF K IEZ —. FGR— i da A
JLA e 78 70 4 s A AR I BRI — PO BDIRAS
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BT B, AR VS B 555 i

FGR; CTB; syncytialization; PPBP

L P 5 BIFGR I B e 55 41 208 IF i IEFGR K
A B AR R P R . R 2% i ARCBR A 2 E (pro-
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B AARUEIR I M. BEAR TR I S A BN R
(BB T EURAE R« BEGRAE IR . IR
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(gene expression omnibus, GEO)(http://www.ncbi.nlm.
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FiBioconductor £ 1 [ limmatd (i 43.6.1) F1“DE-
Seq2” % 5E % 7 2215 mRNA (differentially expressed
mRNAs, DE-mRNAs).  LAP<0.05F1|logFC|= 124 #7
S 72 Rk B . {8 H Venny 2.1 web T B A%
WAL 1) 22 5 26 18 2 K] (http://bioinfogp.cnb.csic.es/
tools/venny/). 14 F BioconductorfX 71 [f]clusterPro-
filefl (hR 4<3.8)33 47 2 [K 4 44 (gene ontology, GO)Yj
FE 39 R RN Rt #0022 R 5 2 (R 4 A R4 i (kyoto ency-
clopedia of genes and genomes, KEGG)if #% & %& 43
Mro DAP<0.051ENE A G5 E LTebs. fiH
Bioconductor#X £ 7 [f] ggplot2 . (b 4<3.1.0)%: ] 71
205 2 & L GO H & 73 M A IR - MKEGGHE
o F FISTINGZ3 #t T. E (http://stringdb.org/) 14 4
DE-mRNAs ) & H—# H AH H.{F H (protein-protein in-
teraction, PPT) ¥ %% . F{ii F Cytoscape A (fR 43.6.1)
()4 CytoHubbaz) §7 W 4 28 4], e it v S 4 ok
PUMAZ O 22 T FE A

122 #HAKE AR R 1551
J5, GBS N UCAE . WA B IR A S — 4

S B AR R B AR A e, T A A S —Ey,
Z IR I AR EE %S, B T80 °CLR 17, H TRT-
qPCR. A S LR RE AL SRS pm ) Fr, BT HAKE -
7+ 41 (hematoxylin-eosin, HE)4¢ {2 8, 50 %8 5% )t S 56 o
HE % o 32 FRARHERE 2t 470,

123 @i NSRBI EBeWoH %10%
f(JFBS. 20 mmol/L HEPES fll 1% % & /55 5 & 1)
FI2K58 A 15 95 3, 137 °C 5% CO,v 20%5E A1
TE IR B R A B 9% . B HIFSKAY @ BeWodll iy & 14
AR, ] Bk, B N30 um IFSK AL #EBeWoZl
172 h, £:36 h¥E #5730 pmAYFSK AR 753, HIRT-
qPCR. Western blot 1 4122 % St A il 4 i 5 A4 Ak 7K P
Y1l o i A b R 2 B Collett5 1 51 5 VA, RIS 2 4%
C2A A% ) A MR 5 A 4 A% 1) 43 B

124 @mfostd KBeWodl L4l T 244 A, 5
I B AR A % B IR 3 70%~80% HR % Lipofectamine
300015 BH 15 43 1) %% G BH 14 % B (NC-RNAi) F1PPBP
(1) /N T-HERNA(PPBP-RNAi) 47 i [K #i K. 48 h/g
RELAH L 33E 1T RT-gPCR. Western blotB}, 415 7% 't 3k
4% . RT-qgPCRY& IFPPBP-RN A 1% 3% ik 1) A 24
PPBP-RNAAIBH 1451 FE ¥ 57 51 L 1.

1.2.5 SAF % k%2 FPCR(RT-qPCR)  TrizolikHEHL
Jifs 5 24 2Bl 4 I RN, 18 % ycDNA J5 FISYBR
Green Supermixigk {7 AH 5 2k K k7K P A il o A5
Hp-actin{E gy N 2 B K], SR 2347 B2 R AR R 2%
TR . FHICIE R B 21 LR 2.

1.2.6 Western blot  7EUK_F{ii FIRIPA ZL A= L
2 s B, B B IR B AR RIS < SDS-PAGETR
A5, 100 °C4 BB N 10 minfli 85 (4 AP, HUZ%:
B K 7 8%/ SDS-PAGE#E T 70 B, L1250 mAfH
L R PVDFRE b Ji5 18 5% M As W58 3k 47 3 1,
b5 RIS — a4 °CiF i . 52K FHPBSTHE
U<PVDFIE, %A J5 S HRPARIC 1L EHi/ N R E e — bt
37 °CW¥ & 1 ho PBSTI:NE 5l HHECL 2 4 W0
H 26 A SAE 5, 4022 ROGAE 5 Bl A 23 A 3
7K FlImage Lab 5.2.1#1Quantity One 4.68 4.
127 fEZR O AL BALAREA
U AR, JFEETS pm PR A Y B K
AU F = W 2R AT M e A B, 6 B2 T R K AL
JEAEFR KW P AT PUSE S I 3% L1 3 I35 F15%
BSAATAERE 45 &, ALY i 5CK7(1:200)
HMISyn-1(1:200) 4 °Cit W B - 2K HIPBSHE &%
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Table 1 Sequences of siRNA
/NFHRRNA FHI(5'—3"
siRNA Sequence (5'—3')
PPBP-RNAI Sense: GCC UCA GAC UUG AUA CCA CTT
Antisense: GUG GUA UCA AGU CUG AGG CTT
NC-RNAIi Sense: UUC UCC GAA CGU GUC ACG UTT
Antisense: ACG UGA CAC GUU CGG AGA ATT
&2 5|¥F5
Table 2 Sequences of primers
I EiEI 5 —3) RS (5—3)
Genes Forward primers (5'—3") Reverse primers (5'—3")
P-actin AGA TCA TCA GCAATG CCT CCT TGG TCATGA GTC CTT CCA CG
GCM1 GCC AAG CAA GAG CAG CAAA TCA TCT CAAAGG ACA CAG GTT CA
p-hCG GTG AAC CCC GTG GTC TCC TA GGT CAT CAC AGG TCA AGG GG
Syn-1 CCT CAAACC TCA CCT GTG TAA AAT AGA GCC ATT CAAACA ACG ATA GG
SHH CTG CTG GTA TGC TCG GGA CT AAATCG CTC GGA GTT TCT GG
SOD1 AGG GCATCATCAATT TCG AG TGC CTC TCT TCATCC TTT GG
CDOI TCC ATT GGC TTA CAT CGA GTA GA CCC GAAGTT GCATTT GGA GT
MAPKS TCT GGT ATG ATC CTT CTG AAG CA TCC TCC AAG TCC ATAACT TCCTT
PPBP GTA ACA GTG CGA GAC CACTTC CTT TGC CTT TCG CCAAGT TTC
PROCR TGT AGC CAA GAC GCC TCA GAT AGC AGC GGATGG TCAGAG G
DUSPI GAG GGT CAC TAC CAG TAC AAG AGC GCC TGG CAGTGGACAAACA

LEP TGT GCG GAT TCT TGT GGC T
CXCLI10 GTG GCATTC AAG GAG TAC CTC

TAA GGT CAG GAT GGG GTG GA
TGA TGG CCT TCG ATT CTG GAT T

Ji 5 2E B/ RTRITCEL th 2 $t RFITC(1:200)F
37 °CHEEIFE 1 hoe DAPI(1:10 000)444%10 min. Fi
PV K Fr i EOs I R A A s A
. @ s . BT 240 AR 19 I BeWodH
MIZRELfS, FHPBSHER3IK, 4% % % H % & £ 10 min,
0.3% Triton X-1003# %10 min, 5% BSA 137 °CiEY;
$} 14130 min, E-Cad(1:1 000) T4 °CF L. F2K
PBSYE 5 5 Ll 217N RRFITC(1:200)F-37 °ClE: 5%
H1 ho DAPI(1:10 000)444#%10 min. #7172 67 K
R JE B O IR A BB W 2 S IR A IR
128 %ito#r K Student’s rE{ ANO VARG K
S 2H A 72 5 (1) S 3k, 500 DA SB B b o 22 (eks)
TR, P<O.0SHEREGITEE . I MEEE >
Hr 438 1k SPSS 22,0317 . AR 4L EHE 2 /0 ok F 37
SESEES, BN SEI AT 3K

2 R
2.1 FGREGE X B HXEFEHIFIE
AW 5 MGEOS ## H 31 B T 44HFGRE H i it

HIEH 2 H AR #0358 R0 A 3 $08E (GSE24129.
GSE35574. GSE100415/GSE75010MIGSE114691)(#%
3)e XFFTA B AT 25 S R DR ) 0 IR 1 45 R SRR, 4
HI PR I 22 7 3L R34 (E1A), i Hen
FEDR A A 1) 2 AR R (GR4) . %9034 ik [A] i
TGO g v B MKEGGIE % & 40 Hr 1 45 3 oK,
7e e BN B E L T AL F. HIFloAimTORSE
S5 IEBMEIB) IS SN AAE. WA, A
BN B I B S A FR (B C) e X 22 S R AT
PPILEE 1)1 ELAEPIZE 20 BT, 19 fUHE 44 BT 12T hub 2 ] 32
%J& PPBP. DUSPI. LEP. CXCLI0. MAPKS. TLR4.
CXCLI0. C34RI. SPIl. CCR7. GNGI2. GNG2 A
SODI .,

2.2 RT-qPCRIGIEEMIFGRAEE 4 BB
=&

N T B AR A B BT e S L R A5 R
YR 0 0 8 T AE S I FGRIG A & B LR, 341
FTBE VSR 42 T FGRALAN IE & 2 A I f itk — B 56
iE (£ 5). RT-qPCRZMT 1 #8744 2L K AT hub 2
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Table 3 mRNA database sources

GSEFF41 5 My=r& HIEAL N ISEVaRES R RE AR FGRA AL
GSE number Platform Organization Sequencing method Control samples number ~ FGR samples number
GSE24129 GPL6244 Placenta mRNA array 8 8
GSE35574 GPL6102 Placenta mRNA array 40 35
GSE100415/ GPL6244 Placenta mRNA array 28 20
GSE75010
GSE114691 GPLI11154 Placenta RNAHTC 21 18
Total / / / 97 81
T4 BEETHEBAER

Table 4 Common genes in database
5 BEDR A B K T RE
Gene Gene name Gene function
BHLHE41 Basic helix-loop-helix family Suppressing MCF-7 cell invasion via MAPK/INK pathway "*; promoting the growth of human

renal cell carcinoma !"¥); regulating alveolar macrophages differentiation !

Inhibiting proinflammatory responses by weakening Th17 actvities !'’’; promoting hematopoi-

etic stem cell engraftment and expansion ['”)

member e41
PROCR Endothelial protein ¢ receptor
SPAG4 Sperm associated antigen 4
carcinoma "%
CDO1 Cysteine dioxygenase type 1
DUSPI Dual specificity phosphatase 1
LEP Leptin

sion and apoptosis %%

Inactivation of CDO1 improves survival of breast cancer cells

Regulating tumor cell proliferation, apoptosis and autophagy "

Promoting the growth and invasion of renal cancer cells !"¥; promoting cell migration in lung

120]

21-22]

Regulating inflammation, metabolism and immune responses as well as cell proliferation, inva-

B, & R EGHEEE R i A —F. 5IEHEH
Jifi 8% #H Lk, FGRAE H i # " DUSPI. LEP. SHHA!I
PROCOM) 3 15 &8 3 =1(P<0.05), 1fiPPBP. CXCL10
FMAPKS1) 315 B HAR(P<0.05)(Kl2).
23 FGREBEHDEHFRUREREXEREPPBPA
iR E AL ER

AT FGRAR A% A1 1E ¥ 0) B8 iR £ 2 A THE AN 4
ek, HEZ RN, IEWAMREAIEEL
AR I 2% BN ASTB, MIFGRZL R 4% i & o 44
22 (P<0.05)(KI3AFIKI3B) . ZH 4G 5 e Y e th i
7~, FGRAGHE A Syn-1BH 4 R STB# 2D, T CK 7 BH 4 1)
CTB# 2 (KI3C), 1Xdegh RIHIR, FGRIGHL M &
WA FE 52 4

SEE A WAE B2 4 A R AE R 2 R IR A 56 AE
SE R VEIPPBPIE RHLIER, AT REHE— 51T
AEHWF 7T . siRNAT $tBeWodl iy HPPBPH % ik, RT-
qPCRAMIWestern blothsr il TR . 45 R iE7w, HH
Et TNC-RNAi4, PPBP-RNAiZH H'PPBPHmRNA 7K

SEARIER KT 3 R 3 R FR(P<0.05)(KI4A R E14B).
THPPBPJG, 4% 5 645 R 7R, AHECTFSKAL
PR, E-cadRIEAFF AR H IR E M, HalutxR4%E
/b, 4 M L A B R B AIR(EI4C AT 1814D)(P<0.05).
It 41 38 L RT-qPCR A Western blotké: il fii (. PPBP &
BeWo4H il (1) & 1440 b 76 58 DR A B R B, B- N 46
B AL P IR B R (B-human chorionic gonadotropin,
B-hCG). GCMI1HMSyn-17E & Ak ik #2 o 1 Kk 35
T HR 4L (EI4EFTKI4F)
24 ®{EPPBPE & 14T 32 P CREBREER 1L
K

N T HE— BB FLPPBPJE 75 JE ik cAMPIE 5 1
EBeWodHl il & & f. F A8 i Western blotfa Il
# fIPPBPJ5 % T cAMP J ¥ 76 11 45 & K -F-(cAMP-
response element binding protein, CREB)] 5 i, 4%
R IRTE &AL IS FE Hhp-CREBK 1 i, H 45
K PPBPJ5p-CREB/K V- 5 FSK &tk # 21 5 i (1&15), #&
7R PPBPI R A% T BeWodH i & 1A fb 3 A2 g 41 i1l 1
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A: Venn 7 {4 Hidli S GSE24129. GSE35574. GSE75010F1GSE114691 1) S 3L K], B: SUHLFE K 5 H 4L E A4 B(KEGG) S 5B ik & £
Hr(P<0.05); C: JE A AR (GO) T fiE & 570 M1 (P<0.05); D: hubJ K & -85 (A AH HAE I (PPI) M 28 23 #7(P<0.05).
A: Venn diagram of DE-mRNAs in the four datesets, GSE24129, GSE35574, GSE75010 and GSE114691; B: kyoto encyclopedia of genes and ge-
nomes (KEGG) enrichment analysis results of DE-mRNAs (P<0.05); C: GO function enrichment diagram (£<0.05); D: protein-protein interaction (PPI)
network analysis of the hub genes (P<0.05).
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Fig.1 Bioinformatics screening of development-related genes of FGR placenta

RS MRBERERFHE
Table 5 Characteristics of the study samples

R 1E 2H.(n=6) FGR#H(n=6)
Variables Normal (n=6) FGR (n=6)

Age /years 30.0+1.6 29.0+1.0

BMI /kg'm? 20.01+1.18 21.1143.01
Gestational ages /weeks 39.00+0.55 37.0£1.2%

Body length /cm 50.00+0.63 46.00+2.99*
Neonatal weight /g 3 552.0+468.2 2 249.0+104.8%**

*P<0.05, ***P<0.001, 5 £ 4L HL#L .
*P<0.05, ***P<0.001 vs the Normal group.
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Relative expression
Relative expression

b L] v 1 ] 0 1
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ns: P>0.05, ¥P<0.05, **P<0.01, 5 E# 41 L%
ns: P>0.05, *P<0.05, **P<0.01 vs the Normal group.
E2 WIFFGREREREEREER
Fig.2 Validation of potential regulatory genes in FGR placentas

FFT BE 2 i i 5 M CREB®BE M2 AL /K, fdilcAMP/  JRPY. BRAEREFCEH, 4t k8 7% 5hL4E

CREBJ&E I R LR - KR BIREAR L), FE AR I, AT L FIFGR
JATSE S R S ok B A0 R B BB . & AR 4
3 g Fe SRR 2 5. (RIS B AT 45 LR,

FGRIEW MR EA A RMIGR IS NE ERERNEES5MMAE. B, BE. #H
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Fig.4 Knockdown of PPBP impacts on BeWao cell fusion
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Fig.5 The effect of knockdown of PPBP on the phosphorylation level of CREB during BeWao cells fusion
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