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WE AIRFEL A oM E K A (recurrent spontaneous abortion, RSA) &4 T 5 L 77
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A LIAAREL 1844, FIRAEI2A., ARARSEAZTEFRZLRAFG RS MAEHF I
e, @R @miehmeiE R, A, RFH. SPRRBEIK. @IGEA. AMRRESF. B
TR BT, 8/ME TIRH T AL TRSAM L A, €L15FoxO K #%(FoxO family signaling)F» Akt
~FClass I PI3K(Class I PI3K signaling events mediated by Akt)%1z 5@ %% . & FPCRIIER L
R PRSAZH SR FH AL AR, 5 EF 4 BAE AL, DKKI. GADD45AF»GNLY I &5 2
% LiE, MDLKIG A AN B 5 TR, SR EEACH L RAEIF09—8 ., RSAEH T 5B
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Gene Expression Profile in Decidua of Patients with
Recurrent Spontaneous Abortion

Zhang Juanjuan, He Junlin, Liu Xueqing, Chen Xuemei, Wang Yingxiong, Ding Yubin*
(Laboratory of Reproductive Biology, School of Public Health, Chongqing Medical University, Chongqing 400016, China)

Abstract To provide experimental basis for discovering possible mechanism of RSA and specific markers
screening, the abnormal gene expression in uterine decidua of patients with recurrent spontaneous abortion was an-
alyzed by genome resorts. Uterine decidua of patients with RSA and normal early pregnant were collected and RNA
was extracted for microarray hybridization and the microarray data was analyzed by bioinformatics analysis. In
addition, we validated the chip results with RT-PCR. The results showed that compared with control group, 1 656 differ-
entially expressed genes were found in patient’s decidua with RSA, among which, 1 184 up-regulated genes while
472 down-regulated genes were found. Differentially expressed genes involved in multiple biological processes and
functions, including metabolism, cell-cell interaction, reproduction, development, external stimulus such as stress,
cell proliferation and complement. Signal pathway analysis showed 8 signaling pathways may involved in the pro-

gression of RSA, including FoxO family and Akt-mediated Class-1 PI3K signaling pathways. Abnormal expression
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in microarray gene of patient’s decidua with RSA was verificated by semi-quantitative PCR. Compared with control
group, the expression of DKK1, GADD45A and GNLY genes were increased significantly while the DLK1 expres-

sion was significantly reduced, which indicated consistency with the results of gene chip. Gene expression profiling

significantly changed in patient’s decidua with RSA is closely related with RSA.

Key words

5 R PEU ™ (recurrent spontaneous abortion, RSA)
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Table 1 Demographic data of the 10 subjects

Z T ) ) AT ZABEX N (mm)
Group Serial number Age Gestational age(weeks)  Frequency of spontaneous abortion  The sizes of fertilized egg(mm)
RSA 1 31 7.4 3 12

2 30.8 8.5 3 19

3 322 9.6 3 27

4 322 11 3 38

5 33.8 12 4 52
Control 1 32 6 0 12

2 30.6 0 19

3 322 8.2 0 28

4 33.6 0 36

5 32.4 10.3 0 50

%2 RT-PCR3 |
Table 2 Primers for RT-PCR

T Em 514 B 18519 PR bp) B KIRLE(C)
Gene Primer(forward) Primer(reverse) Size(bp) Tm(°C)
DLK1 5'-CTG AAG GTG TCC ATG AAA GAG-3' 3’-GCT GAA GGT GGT CAT GTC GAT-5' 273 60
GADD454  5-GAG AGC AGA AGA CCG AAA GGA-3'  3'-CAC AAC ACC ACG TAT CGG G-5' 200 55
GNLY 5'-GGC CGT GAC TACAGG ACC TGT C-3"  3'-CCT GAG GTC CTC ACA GAT CTG-5' 222 60
DKK1 5'-ATT CCA ACG CTA TCA AGA ACC-3' 3'-CCA AGG TGC TAT GAT CAT TAC C-5' 383 55
ACTB 5'-GTC GGC CGC TCT AGG CAC CAA-3"  3-CTC TTT GAT GTC ACG CAC GAT TTC-5" 540 55

PE. SHRSABA 1 H Wi A1 SRNAR G G 1E A
T3 1) 2L PRIt 544 1E R 1 R IR A1 i S RNA
TR 5 R 0 B IR PRt . 24k S 1) S RNACK H
Super Script Double-Stranded cDNA Synthesis Kit
(Invitrogen)i 7 £ 17 101 #% 5% I 4 icDNABE, 5 H
Enzo BioArray High Yield RNA T7 Transcript Label-
ing Kits(Enzo) &AM U HAMRIcRNA . 2146 [ cRNA
B R K/ R50~200 bp K/ B2 S, KA
410 pg cRNA[H1200 mLJ¥AC VR A5 5 HG U133P-
lus 2.0 B 05 BT 2448, PEk 2 )5 Hstreptavidin
phycoerythrin ¢ % 2%~ IkUEVR a5 AW FE bridan-
ti-streptavidin phycoerythrinf¥ & . streptavidin phyco-
erythrin% 4 /&, GeneChip Scanner 3000(Affymetrix)
14 % Y615 5 GeneChip Operating software (GCOS)
PR -

122 Hdg)a—fo, REHp o AR L I
GCOS;™ /£ RS AZL FTAS AL PR B 2045 5 Bt &
AGeneSpring GX 9.0.5 #ff(Agilent). & HHREE S
FICELH X 2 #i5 £ Robust Multichip Average(RMA)
G0 40 e e et v A7 Bt B i BEAT o R o A

(D) PR EFEGAPDH N AR/ HT3'/5 LU A,
ECAE /N T30 JIIRNA JT 35 31 25K (2) 742 48 Jot i 45
Wl MR (1.5, 5, 25, 100 ng/ul) A4 & hrid
cRNATVE A #J(bioB, bioC, bioDAlcre) 5 AN [f] 7 A 4
AT T Z AN 22 5, (3) E s 7 M (PCA): K H ETE
T RPN A FERAEA FREA P RS 5E,
FRIEIREF A5 T o Al Il B RIEE 5 A
A3 BB 52 (I A720.0%, 51 47.100.0%), £E95% A
5 PR 2 BRICRIERIERE, 58 AR BT 1 &

123 AW &FNH  logifb 2z T f5 5 sk
i Jo AT HE R 22 S R B o b o IR RS R AR IA A
IbRE N 2RIE 22 5l =3.0(K 1k _Ei =3.0; Ri&H
W=<-3.0)o KHRKJLH {8 27 (Buclidean distance)
BEAT 42 22 S i DR A R AR 1) J2 A 2R 26
(hierarchical clustering). 7 5 % A& J K 2y g 70 2K
FGenespring™' Gene Ontology(GO)Jifg ot #r, 15
5 1# 6 7 MTFind Similar Pathway tool JGA4-1EAT .
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PCR Cycler PCRAY(Eppendorf) |52 . 44NFE R (#2)
M F AT i . PCRAG A 4514 494 °C 4 min;
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AR, GNLY J 32403 DKK 1284 IE¥; ACTB
26 MG . PCRIZMIZ2% kIS K i, ACTBAE h
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Table 3 RNA sample quality was assessed by
internal controls

PREFID IR A13"/5' LAl RSA413/5' L4
Probe ID 3'/5' ratio in control 3'/5" ratio in RSA
X00351-at 1.496 273 1.405 663
M33197-at 1.444 118 1.181 056
M97935-at 1.473 705 2.205 426
M10098-at 0.465 722 0.433 269
M27830-at 0.120 293 0.560 982
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Pl XA QA 0 A, YA AR AL 5 5 0 B fl, 20 €8 A x Al
B HRSAYL
The X-axis in this graph represents the controls and the Y-axis, represents
the log of the normalized signal values. Red: control; Blue: RSA.
Bl TR AR REES
Fig.1 Profile hybridization quality control

8 UbioC bioDFlere A4 M5 5 1 o s S i 4448
SN S PRIDE A R G £ 0 SR8 TG ) /(P& 1) o

F 53 53 M (PCA) T A BE RIEAN [R)FE A v (1) 32
kAR IR, PCA S Z MR B AR, W/RRSAZ
DRI SR 5 0] A L R 30 22 e B S (1812) o
22 ERREERADH

A — 10, MR SEE R 2 R Rk A5 5 H L
B E A (95% W] 15 IR, 381545 205 M s R (i 19),
e RILFE N9 47040 (2x th) . KIL =R =38<-3
f5 (P2 PRI 656N (21 (1, KI3), B 46 F i JE A1 184
A, FUREER4724

30000
20 000 4
10 000 1
0+

—10 000
—20 000 4
—30 000

PCA component 1

L
L] L] L) L] L] L] L]
—30 000 —20 000 —10 000 0 10000 20 000 30 000

XY il e AT 5 AT ST 20 2 ) A A 25 5, 40 (f QR HR A, 6
BARERSAYL .

X and Y-axis shows distinction between the expression values of the

individual groups in arbitrary units. Red: control; Blue: RSA.
&2 PCAE
Fig.2 The PCA plot
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A total of 54 675 probe sets (list 1, blue) were used in the hybridization.
When filtered, working gene list (list 2, green) consisting of 45 205 was
produced. 1 656 genes were identified as differentially expressed (list 3,
fold change=3.0, red).

E3 Venn[&
Fig.3 Venn diagrams
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Table 4 The 40 most abundant transcripts present in RSA and normal control(RSA vs control)
SE AR (GEHFES) A FES AR
Gene title(gene symbol) Unigene(avadis) Fold change
SPARC-like 1(mast9 hevin)(SPARCLI) Hs.62886 +139.67
Granulysin(GNLY) Hs.105806 +129.86
Insulin-like growth factor binding protein 7(/GFBP7) Hs.479808 +86.74
Insulin-like growth factor binding protein 1(/GFBPI) Hs.642938 +83.41
Solute carrier family 1(SLCI) Hs.444915 +82.77
Growth arrest and DNA-damage-inducible alpha(GADD454) Hs.80409 +80.19
Dickkopf homolog 1(Xenopus laevis)(DKK1) Hs.40499 +80.00
Granzyme A(GZMA) Hs.90708 +70.16
Family with sequence similarity 148 member A(C2CD44) Hs.202656 +66.43
Insulin-like growth factor binding protein 2(/GFBP2) Hs.438102 +54.40
Transmembrane protein 45A(TMEM454) Hs.658956 +51.86
Iroquois homeobox 3(/RX3) Hs.499205 +49.72
Complement component 1 subcomponent(C/R) Hs.524224 +49.67
Similar to Complement C3 precursor(C3) Hs.529053 +47.98
Dynein light chain Tctex-type 3(DYNLT3) Hs.446392 +46.27
DEP domain containing 6(DEPDC6) Hs.112981 +45.94
Integrin beta 8(/7GBS) Hs.592171 +44.97
Pantigen family member 4(PAGE4) Hs.441038 —152.14
Delta-like 1 homolog (Drosophila)(DLKI) Hs.533717 —138.66
Pleckstrin homology-like domain family A member 2(PHLDA2) Hs.154036 —124.09
Hemoglobin gamma G(HBG2) Hs.302145 —85.26
Mesoderm specific transcript homolog(mouse)(MEST) Hs.270978 —82.75
Proteoglycan 2 bone marrow(PRG2) Hs.512633 —80.89
Tissue factor pathway inhibitor 2(7FPI2) Hs.438231 —717.57
Growth hormone 1(GHI) Hs.655229 —72.34
Chorionic somatomammotropin hormone 1(CSHI) Hs.654390 —70.15
Hemoglobin epsilon 1(/BB) Hs.655195 —64.95
Paternally expressed 3(PEG3) Hs.201776 —64.82
HtrA serine peptidase 4(HTRAI) Hs.661014 —59.85
Pregnancy specific beta-1-glycoprotein 9(PSGY9) Hs.502092 —58.75
Hemoglobin zeta(//BZ) Hs.585357 —55.68
Paternally expressed 10(PEG10) Hs. 147492 —54.20
Pregnancy specific beta-1-glycoprotein 6(PSG6) Hs.654414 —53.57
S100 calcium binding protein P(S700P) Hs.2962 —53.41
Leptin(obesity homolog mouse)(LSL) Hs. 194236 —52.52
Pregnancy specific beta-1-glycoprotein 2(PSGI) Hs.709192 —51.14
KiSS-1 metastasis-suppressor(KISST) Hs.95008 —49.62
GATA binding protein 3(GATA3) Hs.524134 —49.13
Hydroxy-delta-5-steroid dehydrogenase 3 beta- and steroid Delta-isomerase 1(HSD3B2) Hs.364941 —48.94
Chorionic gonadotropinbeta polypeptide(CGB) Hs.172944 —46.97

RIS B, 7 R RIS N

w__»

“+” means up-regulated expression, means down-regulated expression.
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Table 5 Gene ontology(GO) analysis of differentially expressed genes involved in RSA

GO¥x'y GOJit H Pl NIE%L NIEEL 73 (%)
GO accession GO term P value Count in selection Count in selection(%)
GO:0008152 Metabolic process 0.10 184 25.73
GO:0009987 Cellular process 1.56E-03 162 22.66
G0:0022414 Reproductive process 9.37E-05 18 2.52
G0O:0032501 Multicellular organismal process 4.0 E-03 123 17.2
G0:0032502 Developmental process 4.94E-05 12 1.68
G0:0050896 Response to stimulus 1.15E-06 132 18.46
GO:0051704 Multi-organism process 1.90E-07 18 2.52
GO:0065007 Biological regulation 1.43E-04 66 9.23
200 F 184 Biological process
180 [ g 162
g 160 132
5 140 123
s 120 F
8 100 [
S
g 30 F 66
Z 60r
20
0
2 ko) £, &
/1704? 4 //0 4, %’o /% B”e/ S, 0, % 10/0
0//1) 7 %, c O//(/ : ,O,]]G &0[0 ‘o Gy
%o, Ce, 2 7 Sr- 7, e
C, ¥, [ % 7, % Sy,
Cog N ’Ooe& é)'?"{} 1 o’l//o “r, ‘?Obo
S /;]e/ 6@&
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[El4 16561 RSAAXHYEE KRR IXIE
Fig.4 Gene ontology profile of the 1 656 RSA related genes
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Legend-hierarchical combined tree
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The normalized log intensity values for all 1656 differentially expressed probe sets were measured by Euclidean distance metric and colored on a range
of <-3.0 t0=3.0. Red denotes up-regulated, yellow denotes intermediate, and blue denotes down-regulated expression levels.
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Fig.5 The heatmap of Clustered differentially expressed genes
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Fig.6 Selected clusters of differentially expressed genes that are coexpressed in decidua from control and RSA patients
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Table 6 Signal pathways involved in RSA
[ERegiil: 4 s EN Y NIV NS Pfi
Pathway Number of nodes ~ Number of entities =~ Number of matching entities P value
Signaling events medaited by HDAC Class I 178 79 2 0.040
IL6-mediated signaling events 56 29 2 0.006*
Angiopoietin receptor Tie2-mediated signaling 73 38 1 0.009*
Signaling events mediated by HDAC Class 111 44 23 1 0.004*
IL2-mediated signaling events 164 75 3 0.041
FoxO family signaling 48 32 5 0.013
Class I PI3K signaling events mediated by Akt 148 66 4 0.034
Inositol phosphate metabolism 96 70 2 0.022
*P<0.01.
Con RSA
g 0] r
‘7 & 00
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Fig.7 Semi-quantitative RT-PCR validating of differentially expressed genes in RSA
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