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Abstract: Trophoblast cells play essential roles in the maintenance of normal embryo implantation, growth and
development. The study of abnormal gene changes in trophoblastic cells from arrested embryos is helpful to understand the
developmental mechanism of embryo developmental cessation or adverse pregnancy outcomes. In this study, we sequenced

and analyzed the transcriptomes of the villi from ten women who have undergone abortion with either normal pregnancy or
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embryo development cessation. We found that there were 436 differentially expressed genes, of which 406 mRNA were

significantly up-regulated and 32 mRNA were significantly down-regulated. Gene enrichment analysis showed that these

genes were significantly enriched in immune-related functions and intercellular adhesion, such as lymphocyte activation,

myeloid cell activation, extracellular matrix and collagen junction. And their potential regulatory pathways were enriched in

terms of complement and coagulation cascade, extracellular matrix degradation. In addition, in this study the co-expression

analysis of WGCNA was used to obtain the IncRNA with co-expression relationship with the differential genes. According

to the different functions of the modules, two network diagrams were drawn, and four key genes were obtained, namely

VSIG4, C1QC, CD36 and SPP1. These differential genes obtained in this study can be used as key molecules with potential

effects on embryo development cessation. The enriched entries can provide a theoretical basis and new direction for further

understanding of the etiology and mechanism of embryo development cessation or adverse pregnancy outcomes.

Keywords: trophoblast; RNA-seq; enrichment analysis; genetic traits

YL G T 20 21 A0 A i S AR i 7R )2 A0
(trophoblast)™. #4408 KB SRR, R
RN S AL TR R AR R R R AN
FI=AN ., b, S TR RS B R RE S
g . AR, kBN SR E A
BEESHTIH ., BEEHARTE NN,
HEAT B IRIRER S sy R, SRR E AN
VB Sy B2 A BER 5 D B ok g A A, i A S X
PAFIEIRIER K BH 3 KIhe: RETIBIEE. KN
G D RE (LA H 53U 2 55 73 M) K e 5 I 15 DI RE o %

THNG SR Z AN IR T (AR AR

PR R K S BRI 1R ) e A e A
PEAT RN SRR, 1 a0 WA A I (B TR 4 2
Bt . 2T 4k 55 1A ) W6 A AL P52 64 40 i /1 o E £
TH . &g, USEmIER A . H, 85
REWG T B NBERZIEROIMC, BER avp3 &
IBAR R T E WA ZNE, SEIRIGE KRE

KT, SR SRR B R 5w i K A
Pty 2 T B IR R A BRSO A R e L
RANENR BB S BT IR 108 9% 2 40 3 3 5t
Gy WA R - (U 2 e B I 7 EGRUY Bfk A KA
F TGP R AV RIS IA T CSF-14 )iy [ Bk sl
ot RERAC R IIRESE . Hh, EGF ik
AT REIE B SR IR A MR N | IR A A
W, RAGIRRET, TGF MRIEA LM SRR
AL, SRR ER A ARRE. ML, WFRE
J T o I R (NGB R PEIRR hCG L 22 4E)
HifF FIIRIG % B Mk, hCG REAERR [ fie vt B

GRS IHE L AR, IR AR I G R
fFIEIRbRZ —o NI, 2B E A X IR A
A REBREAER . RS R S5 A 2,
28 125 57 2 A M ) S T2 25 e D RE B AR A A $ R
FRNA S B RAEIRSS Ry HRiaE ™, ik
P P Al R BUE B IR AT HLUE SR,
HBRZR 1B TR i, 5 AT 7 J2 A 11 45 25 o BRI
SR TN A B, (FE IR AR R A
i U T g 20O R H AT R
AN A2 A%, HAER > B RBEHR BN, TRABTSE
SR TR IR A A AL REAE — E R B X R R
AN RAEYRES RSt A e o ASRFEAR B A2 i s 4L 0 P
HOR, X5 F MR 19 50 6 21 LR AT BB 1 5k R
e KAz, G, PN A% 3R
JEARM A Yy~ D RE RO R, Al R S B DA
PERRIGE T R B 005 A Wy A LA il — g R

11 BARUSERHF

26 P H BB AL Ek AR KR 12
FARE, Hd 10 11 TR AHMY, Ho 5 #0575k
A BRI T N 0™ B B (W R4, 5 Bl
2 B I IR T T B AR B (IR
fEHEH). Fay 16 P THRAENFE5 2R, Hrb 9 fl
NTCHE B EOREAT N 0™ 1 83 O IR dl), 7 il
F oz B B2 IR IEE T SRR



1006

AR Hereditas (Beijing) 2020

o542 4

(R T UL . PR IR A R B P 4R IE 29.2
%, 28 46.4 d, IRIG1S B AL E TR 30.6 %,
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ARSI BT 0 RNA JRH, Wik ¥, S
JE ) 2 P R RO R R A BR S ) 8 . AR ST
W T DU R 2E AR P A B B S F R B A T A
Z 5 T B R T RS .

1.1 HARKERNF

DL Trizol B2 BUE RNA, B PMFEAHL 3 pg Y.
RNA e G B E SO, (k5 & Ribo-Zero™
GoldKits (It 5t New England Biolabs 72 7])Z<BREE it
) rRNA, JEEP s il e 51 4 G A0, 18
[llumina HiSeq2000 ¥ & LA IF . MFZEHR)E,
W R RS, T, ZER rRNA 5
155 5 B T4 (clean reads), J5 24 AT AL T B &
FPo1l. RH HISAT2 ¥id IE 5 1 RNA-seq il Al A
LR 2H (hg19)3#EAT HE X

1.2 Z£5% mRNA HfEiE

X FPKM (fragments per kilobase per millon
mapped fragments) i Al 71 9E R A B R IA B, R R
£, ggplot2 X sk P B il Fi U BT EA T He . SR

*1 BERKES(SSEREANFHIERERE)

DEseq #1722 5 Rk 407, 7€ X P {H <0.05 8# |log,
ratio] =1 I N2 HF mRNA, R R f4 ggplot2
XF 22 5 mRNA 2:il kL&, kA R 4l pheatmap X
225 mRNA 2l A

1.3 ZF mRNAKIRBRNREESH

% FH omicshare 748 & (https://www.omicshare.
com/tools/home/soft/getsoft.html) X 5 & 1 %) Fit Al g
177 GO A 1k (gene ontology, GO)Fll KEGG i %
(Kyoto encyclopedia of genes and genomes) ) & 443
BT, LA FDR<0.05 {4 i P B i .
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InNcRNA

fE 7 R A1 WGCNA A4 HE AT S (K] 31 35 58 1 25 I
PEA TR R 43U R S i A B DR B B 22 5 mRNA
1522 545 %4 (fold change, FC)HEFY , L1 20 225+
MRNA K F IncRNA G4 A4 . RIS, SBR T F
PR BT 0.5 MfRFi i RNA, FFI FH pR %X helust
HEATERIE, HIBR T B BEREAS . SR H pick soft threshold
HEA Y, R power=9, i/ blockwiseModules
PTG R P46 120 S 3 (R AT R B AT o 4
Py fe AR 27 50, FFH &%k plot dendro
and colors £ il A4 tR ] 9 X A3 AR B 47 23 €0 ] 40
ko feJa, BiE T 25 mRNA FEFE Y PSR HLfE
AR, 475825007 o

Table 1 Clinic information of the patients (clinical samples involved in transcriptome sequencing)
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1 AT 24 G2P0*! 42 TR =

2 AT 34 G4P0* 43 Ji& A E =

3 AT 29 G3pP1* 49 CIRIN; R0 5] =

4 AT 31 G2P1 47 ] L0 ) =

5 AT 28 - 51 Al UL fifC Hih =

6 N Ea=) 30 55 K IR O 11,951.4
7 N 36 G2P1 50 RILHG 12,612.1
8 i ] 27 G1P0 57 E N 69,220
9 AT 27 G1PO 80 R L -

10 iy ] 33 G1P0 59 K UL R 32,594.4

= HBERETHIUG A, BREk .



% 10

SOBLAE: LIS T UG B 1 R 2 AT G P S R 20 1007

1.5 Z% mRNA K IncRNA HFiAME gz

PEPE WGCNA HhE S S m e, AR R DG Ik
5 JIE (weight) F1 5% X £% (edge) i % #4571 /B A1 22 57
mRNA HAER) IncRNA, IncRNA i vEbR1E N weight
{6>0.6 HFI2: 5% mRNA 2/ (EE— Sk B Hz fiff
H cytoscape {42 il X 45 5]

1.6 Z5RFiE mRNAs 1 IncRNAs SEB % E
2 PCR IBiF

T BRI a5 R A T REME, ST 10 A
MRNAs (145 J5 250 1 i B b (940 mRNA,
VSIG4, C1QC, CD36 #il SPP1)£l 4 4~ IncRNA #17
SIS E i PCR (quantitative real-time PCR,
qRT-PCR ) 35 1iF o 4AHFARE 5 AT ¥ RO A — 3L,
REA RURUE S S0 25 R 1Y PT SEPE ARl Ensemble (http://
asia.ensembl.org/index.html) 2L {14 7 51, fiff FAE £ 5 |
Y- ® vk Primer3Plus (http://www.primer3plus.com/
cgi-bin/dev/primer3plus.cgi)i¥ 11514, H-i 1k BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=
blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blast

home) it 1751 ¥ e T IE. DL Trizol ¥EHEHUE
RNA, fifi 4% 5670 & (K iE TaKaRa /A \)) s 5% %
247 cDNA LI cDNA AU #4752 B2 S i PCR

*®2 ERKER PCR3IHFFIZER

(36 Thermo Fisher A#]), SI¥FsLE 2, L
GAPDH 1E NS I, (i 274 i A 4 v 22
2235 mRNAs F1 IncRNAs A X FiE .

1.7 Fit=EFHiE

K RIEF (3.6. 1) T8 43 Hr X T AL EE o
B PG IRAE B ok A R gt P4l BT A
MRNA SRS AEA t K50, A B 53 B R F W
MR, PLP<0.05 #/R2E2H G2 X,

21 EES5HREEHAETHATFRE 436 ME
52 mMRNA, 41 M=% IncRNA

Sl Y . BREEE, 10 BIZ B
P AR IR (E 1A), log(FPKM+1) B 4 T 2~3,
VLIRS FEAR AR A —, WP i R4, HAR
WFRAT . S 2R RIBAWE, KA 436 1
mRNA fEM A BA G225, Wi E A
TFIE# X A 406 1~ mRNA % 14,32 1 mRNA
WET A 1B). 1A, &I 414 IncRNA 7EM 4]
[ BAGI #2255, WG E AR T 5 X RAE
28 4~ IncRNA &3 14, 13 4~ IncRNA & 4

Table 2 Primer sequences used in quantitative real-time (QRT-PCR) validation

53] eIt FE N 4 B LT HI(5'—3) TEFHI(5—-3)

1 mMRNA C1QC ATCCTGGGAAAAATGGCCCC GAGGACCGCGTTGAATCTGA
2 VSIG4 TCCAGCAGGCAAAGTACCAG GTTTCTGGACACGGAGCTCA
3 SPP1 GATGACCATGTGGACAGCCA AACCACACTATCACCTCGGC
4 CD36 GACCGAGGAAGCCACTTTGA TAAGCAGGTCTCCAACTGGC
5 NCKAP1L TGTCTTCCACTCCCGAATGC TGCAGTGGACAAAGTGAGCA
6 FGD2 TGCTACGCATTCCTCACTGG ATAGAGCACGAGGGGGTCAT
7 LILRB5 ACCCTGCTGTGTCAGTCATG GTAGGACCTGATTGCGCTGT
8 FOLR2 GCACCACAAGACAAAGCCAG CAGGTTGGGTGAGCACTCAT
9 DPPA3 CCAGGGTCTCCACAAATGCT ATTTCCCTGAGGACTGCTGC
10 MX1 TCGGAGGCTACAGGAAGACT TTTGCGATGTCCACTTCGGA
11 IncRNA CLRN1-AS1 GAAAGTCTGAAGCCAGGCCT CTTTGGGCTTGCACAGTCAC
12 AC104809.4 CGTGGGCTCGTCTAAGTGTT GCACTGAGCTGTTTGCAGTC
13 LINC01136 ACCTCAGAGGCTACCCACAT AGAAGAAATCCAGGGGCTGC
14 USP27X-AS1 TGCAACCAGAGGAACTGCAA AGGTGGACCTATGGGCTTCT
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Fig. 1 Expression of differential genes
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VSIG4, C1QC, CD36 il SPP1)#il 4 4~ IncRNA # 47
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-G E R TR . B 2 C. D &5 R i S e ok
SE 8 PCR T30 22 5% mRNA Fl InNcRNA FH X} 2555,
RIS FE 4, C1QC, VSIG4, SPP1, CD36,
NCKAPIL, FGD2, LILRB5, FOLR2 JL[H % mRNA
KT T R4, DPPA3, MX1 J:HH mRNA
KOV AL F X B4 . XFF IncRNA T 7, CLRN1-

AS1, AC104809.4, LINC01136. USP27X-AS1 f¢j7K
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o N T H O E WM LA RO VR BT AR A5 R B — 2
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H i F R A mRNA FT IncRNA 78 SE 58 % &
i PCR W 2L E LRI I &S bl
X825 53 mRNA & IncRNA 7E gRT-PCR H1 i1 e ik i
K G FALR 3, VLA I 45 R BA
—E BRI B

23 Z=5% mRNA hREE & TAMIMERFM .
ERINEEZE S

HTHERASHT S mRNA B HAKIIRE, %8
436 1~ mRNA 1T GO Zr#r, IE4E%] 54 ~4%H
(FDR<0.05) (¥ 3A). M, il s L2 A i e
(biological process, BP). i 43(cellular compo-
nent, CC) 1> T I fig(molecular function, MF)f) % X
oyl h 26 4. 17 40 11 4. £ BP 4H FHE
ERE R AT 3 MRS E 40 A & (cellular
process) . #1317 (biological regulation) il A )2 1+t
F2 77 (regulation of biological process), 7F CC & H



% 10 ) SOBLAE: LIS T UG B 1 R 2 AT G P S R 20 1009

Aﬁ %ggj ﬁ RNA-seq O e B RNA-seq
E %ol O FRAR AT g | =P
g 30f | ‘ & 4l o JERG R 4L
% Tol N adll - ,q g o2l o _
ﬁ 6¢ 5087
| w 0.6 F
r 0.2+
0 III. |1| " III. -..’ll .|l| A.’l‘ II|. |I|. ﬂ E 0 |II. L —y L
@) = — =] - L] wy o — — o] [¥=1 —
s ¢ E B E 5 B & 2 g 2 g 2 2
o @ v @] e W =) B - e = )
= = = a = e
@] H Z = 2 &
Z - Q 5 By
C < z
=]
C 400 D
200{ PCR PCR
T ‘* O
§25 ||HII|H *010 ;
® 10 3 0.08
% # 0.06
= 2 & 0.04
2 il f il
0 |I| J . III.|1| . L 0 [ .=.|:I
— e ._I (] vy [as) — —_— ] Y] —_—
T a = 8 £ 5 £ g 2 &8 I 32
o = o] § i = E =) — =) e
& 5 z = 2 §
z a2 ) - @
=}
E 5 [J RNA-seq F Sr _
N [ g-PCR B [ RNA-seq
4r _ — 4r [Jq-PCR
3 3L
= 2k ~ 2+
o @
=1 1 2 = 1
@ Ir = v ol
2 3 4
l.E 0 n _Hﬁ 0 A ‘|:| A
£ ,/8 & & & £ § 8 ¢# Lr' = 3 3§ % 3
-1t © 7 7] O 9 A s £ 1t < 2 = <
> g 5 = E =S S S
- (]
-2r Z -2+ d (é =] &
5
_3 —3_
-4 -4l

2 ZE5 mRNA X IncRNA B gRT-PCR. #%RAWIELER

Fig. 2 gRT-PCR and transcriptome validation among differential mMRNAs and IncRNAs

A T 5] 22 57 mRNA AR XK (5 S F) s B: WIS 22 5% IncRNA AR XS 35 (5% S4B I JF) s C: WZH 51 [H) 22 5% mRNA AH
Xb Rk (FENPEEE T PCR); D: WL AY 22 5 IncCRNA AR R I (JF L E 7t PCR); E: 225 mRNA AHXRIK L E=IEREH
2% HE AL (B log, STALUE) s F: 225 IncRNA AR 35 L E =55 5 4L/5T B2 (B log, X 4UUR) -

TR E R RS 3 DR H ydii(cell), 41/ b, HE4EF] 36 44 H(FDR<0.05) (& 3B). H
2153 (cell part) FlZH i ¢+ (organelle), 76 MF 2 H MY v, ARIIAR DG % 5 A 7 B2 5 i (9 2 AR B Rt (lipid
BAETREE AT 3 DS H % (binding) . 1k metabolism)FER K Ak & ¥ (carbohydrate metabo-
1t % (catalytic activity) Fl14> 1% S #(molecular  lism), Jft — 20553 B & A AR BE B it 3 AN 40 3
transducer activity)., 436 i~ mRNA 17 KEGG &% JE P A 45 (immune system) | 44905 (infectious
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Fig. 3 GO function enrichment and KEGG pathway analysis of differential mMRNAs
A: Pidli2% 5 mRNA () GO THEE/HT; B: Pidid2%5 mRNA (1 KEGG Thfga 4T .

diseases) fllf5 514 S (signal transduction), Mik—4
Wi (5 Sl s T B BRI H, He B A5 T
B oA {5 S A THES , B0 T ET 10 SR 4R
PR e 5 Sl B (R 3). MR 3T A, MIRER
v 2% S R DR A TRIMAS BB I S S L A LAk
FETT WA | /NI S AR Py SRR R G 1 3
DA e 2R, TSERAME RGBS %

IR GBS A I A oY AR S 1)
¥y | e fa g5 R gead B Mol R IG 0T = B - i & 4k
11 5 T A 0 B A G 8 I PT R 2 T fo e R Al
J& . MU B o s RS G i 25, HURAG
1B E AL 5 | R

24 THEMBEMERFM. REINGEERTER
BHRIEXEH 6 %D IncRNA

M eI 2 5% mRNA 5 3215 R 11 IncRNA,

FRIMA L F 5 M 4% WGCNA (weighted gene co-
expression network analysis) 7> 1 22 5% mRNA &
INCRNA [ . WGCNA J2 3k A7 I 3 A 7] g 3
FIB KRR R FATRI 2. AT A2 IR PR 4
JRFRIRAAE, JFE I TR S AEAC P AR A SE AL HORD
e LD, S N UEAILE i ) IR Ay 1)
FEARBEGE T, ARYE2 5 mRNA 2 IncRNA i3t
RIEXR, ATRER 4 ARER, BHE—D53 3248
RN R EE AR OC B FE R He (1] 4A) . i 3
AT UIRE X SR X 58, IR PR Bl
(0.8) A I AL, 2135 4 MREHL, 205124 Blue
(1236 4~) .Brown (1227 4~) .Green 11k (642
“MFI Turquoise (1292 /™) (& 4B)., 1£ Brown
Turquoise X PNy, 44 BT bR . AR
KT 0.6 HFIZER mRNA ZE/DTE7E— 4 HHEEHE,
BE T A REEH ) IncRNA, X5 HofE 17 2% [ Y
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Table 3 KEGG enrichment analysis of differential mRNAs (the top 10 signaling pathways with the highest

confidence)

I R 2 (B 2K 3 [ P 1A qfH WS EERIIEEN
RPER G A K B i e B e 3.70E-07 9.07E-05 k004610 C7, CLU, F13Al, VSIG4, C1QC, ITGB2,
(immune system) (complement and ITGAM, C3AR1, C1QB, C1QA, C5AR1, CFD,
coagulation cascades) CR1
FEaFSHEER  AESMER 3.78E-07 1.16E-03 ko04514 |TGAL, SPP1, CD4, PTPRC, SIGLECI,
(sigqaling molecules (cell adhesion NRCAM ,MAG,CD36,LRRC4,VTCN1,ITGB2,
and interaction) molecules) NFASC .ITGAM ,HLA-DOA ,HLA-DRA .HLA-C ,
HLA-G, HLA-A. HLA-B
32 K A 3 A WA 2.54E-06 2.07E-04 ko04145 MSR1,CORO1A,COMP, NCF2,CD36,TLR2,
(transport and (phagosome) FCGR2A, FCGRI1A, PLA2R1, ITGB2, CTSS,
catabolism) CYBB., ITGAM, CD14 , HLA-DOA , HLA-DRA ,
HLA-C ,HLA-G ,HLA-A HLA-B,MRC1,RAB7B
TR R 4 B 00,4 25 BR T R 3.84E-06 2.35E-04 ko05150 ITGAL, FCGR2A, FCGR1A, C1QC, ITGB2,
(infectious diseases) (Staphylococcus aureus ITGAM, FPR2, FPR1, C3AR1, C1QB, C1QA,
infection) C5AR1, CFD, HLA-DOA, HLA-DRA
GBI B oK L 955 6.45E-06 3.16E-04 ko05146 GNA15, LAMB4, LAMALl, TLR2, PLCB2,
(infectious diseases) (amoebiasis) ITGB2, CXCL1, PRKCB, ITGAM, CD14,
PIK3CD, RAB7B
BPER G I/ IR 1.59E-05 6.48E-04 ko04611 | CP2, PTGS1. P2RX1, PLCB2, PIK3R5,
(immune system) (platelet activation) FCGR2A . FCER1G, PTGIR, GUCY1A3, SYK,
PIK3CD, RASGRP1, PLCG2
JRRYL M P Jii 235 4% 3.59E-05 1.16E-03 ko05152 CD74, CORO1A. LSP1, TLR2, FCGR2A,
(infectious diseases) (tuberculosis) FCGR1A, PLA2R1, FCER1G, ITGB2, CTSS,
SYK, ITGAM, CD14, TLR1, CR1, HLA-DOA,
HLA-DRA, MRC1
RPERGE FeyR - SH#AME/ER  2.01E-04 2.07E-04 ko04666 WAS,PTPRC,HCK, DOCK2, BIN1, FCGR2A,
(immune system) (Fc gamma R-mediated FCGR1A., PLPP3, SYK, PRKCB, PIK3CD,
phagocytosis) PLCG2
EREF Tl B 40 e o1k 0.000123966 3.37E-03 k004380 TYROBP, LCP2, SPI1, TREM2, LILRB1,
(development) (c_msteocla_st_ LILRB5, NCF2, FCGR2A, FCGR1A, SYK,
differentiation) PIK3CD, CSF1, PLCG2, LILRAG
RGBT JEFE (malaria) 0.000277305 6.79E-03 Kko05144  |TGAL, COMP, CCL2, CD36, TLR2, ITGB2,
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