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Abstract Severe preeclampsia (PE) is a major cause of

maternal mortality and morbidity worldwide. Signal

transducer and activator of transcription 3 (Stat3) signal

pathway can modulate various fundamental cellular pro-

cesses. However, whether Stat3 plays a role in the patho-

genesis of severe PE is unknown. Therefore, in this study,

the expression levels of Stat3 pathway-related genes and

proteins, Stat3, pStat3, IL-6, Mcl-1L, Bcl-xL, survivin,

MMP-2, and MMP-9, were evaluated by immunohisto-

chemistry (IHC), Western blot analysis and real-time PCR

in the severe preeclamptic placentas. Our results showed

that Stat3 and pStat3 immunoreactivity were localized in

both extravillous cytotrophoblast cells and villous tro-

phoblast cells in the placentas. As compared with nor-

motensive pregnancies, significantly decreased expressions

of Stat3 and pStat3 proteins were observed in extravillous

cytotrophoblast cells, villous trophoblast cells and entire

placentas in patients with severe PE. The expression levels

of Stat3, IL-6, survivin and MMP-2 mRNA were sig-

nificantly decreased in severe preeclamptic placentas,

while Mcl-1L, Bcl-xL and MMP-9 mRNA levels were

unchanged. IHC results further confirmed that there was a

significant decrease of IL-6, survivin and MMP-2 proteins

expression in the severe preeclamptic placentas compared

with the normal specimens. These findings suggested that

decreased expression and activation of the Stat3 may be

caused by decreased expression of a Stat3 upstream gene,

such as IL-6. Decreased Stat3 expression and activation

may play an important role in the pathogenesis of PE

through regulation of the transcription of the Stat3 targeted

genes survivin and MMP-2 to modulate apoptosis and in-

vasion of placental trophoblastic cells.
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Introduction

Preeclampsia (PE), a pregnancy complication, is generally

characterized by the development of hypertension and

proteinuria after 20 weeks gestation in a previously nor-

motensive woman (Sibai et al. 2005). PE, especially severe

PE, is one of the major contributors to maternal and fetal

mortality and morbidity worldwide. PE patients and their

offspring also suffer from relatively high subsequent car-

diovascular risks (Davison et al. 2004). Although different

studies on the etiopathogenesis and mechanism of PE has

been conducted, its precise pathogenesis remains uncertain

in many facets (Lyall 2011). It is believed that the placenta
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may play a central role in the development of PE (Huppertz

2008; Myatt 2002).

Increased apoptosis and decreased invasion and migration

ability of trophoblast cells in the placenta may be the major

causes of PE (Davison et al. 2004; Ishihara et al. 2002; Leung

et al. 2001; Rampersad and Nelson 2007; Tomas et al. 2011).

A large body of research has proven that placental apoptosis is

increased in PE. Increased apoptosis level was observed not

only on entire preeclamptic placentas, but also on specific cell

types of preeclamptic placenta (Ishihara et al. 2002; Leung

et al. 2001; Rampersad and Nelson 2007; Tomas et al. 2011).

Villous cytotrophoblast cells and syncytiotrophoblast cells

show increased apoptosis (Tomas et al. 2011). It was also

found that PE is associated with widespread apoptosis of

placental cytotrophoblasts within the uterine wall (DiFederico

et al. 1999). Moreover, enhanced apoptosis has been demon-

strated in preeclamptic villous trophoblast cells in vitro

(Crocker et al. 2003; Hu et al. 2006). Indeed, there is a close

relationship between trophoblast apoptosis and invasion in the

placenta of PE. In PE, increased apoptosis of trophoblasts can

decrease trophoblasts invasion. Shallow trophoblast invasion

of the uterine spiral arterioles subsequently leads to a failure to

establish adequate uteroplacental blood flow and is therefore

thought to give rise to relatively hypoxic trophoblast tissue.

This, in turn, may promote an exaggerated state of oxidative

stress in the placenta and increase apoptosis of trophoblast

cells. Consequently, these will induce the occurrence of PE

(Rampersad and Nelson 2007).

Various autocrine and paracrine factors and signal

pathways have been suggested to modulate apoptosis and

invasion levels of trophoblast cells, including signal

transducer and activator of transcription 3 (Stat3)

(Fitzgerald et al. 2008; Heazell and Crocker 2008; Jo-

vanovic and Vicovac 2009; Onogi et al. 2011). Stat3 is

activated by the entire family of IL-6-type cytokines, these

cytokines signal through gp130 and related receptors,

whose dimerization can subsequently result in the activa-

tion of receptor kinase activity. The activated receptor then

phosphorylates and activates the Janus tyrosine kinases

(JAKs), which subsequently phosphorylate the Stat3 pro-

tein (Hirano et al. 2000; Huang et al. 2010). Thereby,

pStat3 migrates from the cytoplasm to the cell nucleus,

where it binds to cognate DNA sequences and regulates the

transcription of target genes, such as apoptosis-associated

genes Mcl-1L, Bcl-xL, survivin, and invasion-related genes

MMP-2 and MMP-9 (Garcia et al. 2007; Li et al. 2008; Liu

et al. 2003; Xie et al. 2004).

In Stat3-deficient mice by gene targeting, Stat3-deficient

embryos showed rapid degeneration between embryonic

days 6.5 and 7.5, suggesting that Stat3 is essential for the

early development of mouse embryos (Takeda et al. 1997).

It has also been demonstrated that Stat3 is a key regulator

of trophoblast invasion and that phosphorylated Stat3

enhances the invasiveness of trophoblast cells (Corvinus

et al. 2003; Fitzgerald et al. 2008). However, at present,

whether Stat3 plays a role in the pathogenesis of severe PE

is unknown. In the current study, we determined the ex-

pression and/or activation of Stat3 signal pathway in the

placenta of patients with severe PE.

Materials and methods

Study population

Placentas delivered from 27 severe preeclamptic pregnan-

cies and 23 normal control pregnant women were obtained

from The Third Affiliated Hospital of Zhengzhou Univer-

sity in accordance with the institution’s ethics guidelines.

The severe preeclamptic patients met the diagnostic criteria

based on either blood pressure C160 mm Hg systolic or

C110 mm Hg diastolic on two occasions at least 6 h apart

while they were on bed rest, or proteinuria C5 g in a 24 h

urine specimen or C3? on 2 random urine samples col-

lected at least 4 h apart. Patients suffering from kidney

disease, chronic hypertension, diabetes, fetal malforma-

tions, multiple gestations, and infectious diseases were

excluded. None of the study subjects had signs of infec-

tions or preterm rupture of membrane. In addition, all pa-

tients underwent cesarean section without labor to avoid

threatened labor.

Placental tissues collection

Placental samples were collected as previously described

(Zhang et al. 2013a). The placental biopsies were collected

within 15 min after delivery. Five small separate biopsies

(2 9 2 9 1 cm) were taken from five different areas of the

placenta, including one from the center portion and one

from each quadrant (3, 6, 9 and 12 o’clock) of the placental

maternal surface. All samples included full-thickness pla-

cental blocks. Areas with macroscopic evidence of necro-

sis, infarction, and calcification were avoided when

collecting the samples. The blood in tissue samples was

absorbed by sterile filter paper. One part of fresh placental

tissues was washed with 0.9 % NaCl and then fixed with

4 % paraformaldehyde for immunohistochemistry (IHC)

study. Another part was immediately snapped frozen in

liquid nitrogen and then stored at -80 �C for real-time

PCR and Western blot. The relevant clinical data on the

study subjects are shown in Tables 1 and 2.

Immunohistochemistry

IHC was performed to assess localization and expression of

relative proteins in placental sections derived from severe
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PE and normotensive pregnant women. In brief, placental

paraffin sections were deparaffinized and hydrated through

xylene and graded alcohol. Antigens were retrieved by

boiling slides in relevant unmasking solution (Maixin,

Fujian, China). The slides were then allowed to cool and

blocked with 3 % H2O2 for 10 min to quench endogenous

peroxidase activity. To reduce non-specific background

staining, the sections were incubated with blocking solu-

tion for 1 h at room temperature. Subsequently, the slides

were probed with the following antibodies in a humidified

chamber at 4 �C overnight: anti-vimentin antibody

(Maixin), anti-cytokeratin antibody (Maixin), anti-HLA-G

antibody (Abcam Limited, Cambridge, UK), mouse anti-

human Stat3 monoclonal antibody (Cell Signaling Tech-

nology, Beverly, MA, USA)), rabbit monoclonal antibodies

to human pStat3 (CST), mouse monoclonal antibody to

human IL-6 (Abcam), rabbit monoclonal antibodies to

human survivin (CST), and rabbit monoclonal antibody to

human MMP-2 (Abcam). After a thorough wash in PBS,

the reactions were detected with MaxVisionTM HRP-

Polymer anti-Mouse IHC Kit and anti-Rabbit IHC Kit,

respectively, and visualized by reinforced DAB Plus Kit

(Maxin) according to the manufacturer’s directions. Fi-

nally, the slides were counterstained with Hematoxylin QS

(Vector Laboratories, Burlingame, CA, USA), dehydrated

with xylene, and mounted with VectaMount AQ (Vector

Laboratories). We included several known positive breast

carcinoma or cervical carcinoma specimens, and negative

controls in each run. The intensities of immunostaining

were graded using a conventional semiquantitative four-

Table 1 Clinical characteristics

of pregnant women in the severe

PE and normal control groups

Groups Severe PE (n = 27) Control (n = 23) P value

Parameters

Age (year) 31.67 ± 1.301 28.11 ± 1.230 0.669

[35 6 3

B34 21 20

Gestational age (days) 237.17 ± 4.214 272.56 ± 2.588 0.001*

Preterm 25 0

Normal term 2 23 \0.001*

Unipara:pluripara 11:16 19:4 0.387

Systolic pressure (mmHg) 170.00 ± 8.242 108.33 ± 3.632 \0.001*

Diastolic pressure (mmHg) 107.17 ± 3.563 70.56 ± 3.267 \0.001*

Proteinuria (C??) 15 0

C??? 11 0

Proteinuria (C 5 g/24 h) 17 0

Mean ± SD 8.56 ± 2.84 0 \0.001*

Mode of delivery (VD:CS) 0:27 0:23

Early-onset 21

Late-onset 6

VD vaginal delivery, CS cesarean section

* P value \0.05

Table 2 Clinical characteristics

of fetal in the severe PE and

normal control groups

Groups Severe PE (n = 27) Control (n = 23) P value

Parameters

Birth gender M:F 14:13 14:9 0.070

Birth weight (g) 1858.33 ± 277.614 3561.11 ± 138.388 \0.001*

Normal birth weight 6 23

Low birth weight (\2500 g) 15 0

Very low birth weight (\1500 g) 6 0

Pulsatility index 1.08 ± 0.112 0.78 ± 0.049 \0.001*

Apgar score (1 min) 8.33 ± 0.760 9.78 ± 0.147 \0.001*

Apgar score (5 min) 9.33 ± 0.333 10 \0.001*

M male, F female

* P value \0.05
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point scale (0, absent staining/no color; 1, weakly positive

staining/pale brown color; 2, moderately positive stain-

ing/dark brown color; and 3, strongly positive staining/

brownish-black color). The staining intensity was

evaluated by two separate, blinded pathologists. All images

were obtained by Olympus IX-71 microscope (Olympus,

Tokyo, Japan) equipped with a DP-71 Digital Camera

(Olympus) and were processed with Adobe Photoshop

version 7.0 software (Adobe Systems, San Jose, CA, USA).

Western blot analysis

To determine the protein expression levels of Stat3 and pS-

tat3 in placental tissues, protein lysates were extracted from

placental tissues using protein extraction kit (Sangon,

Shanghai, China) according to the manufacturer’s instruc-

tions. Proteins concentrations were evaluated by BCA assay

(Sangon), and Western blot analysis was conducted fol-

lowing previously described protocols (Zhang et al. 2013a).

Briefly, 70 lg of protein was separated on 10 % SDS-PAGE

and electrotransferred onto nitrocellulose membrane. The

membranes were blocked with 5 % nonfat milk in TBST

(Stat3) or 5 % BSA (pStat3) for 2 h accordingly, and they

were subsequently incubated with primary antibodies at 4�C

overnight. The dilutions of Stat3, pStat3 and b-actin

(Biotechnology Co. Beijing, China) were 1:2000, 1:1000 and

1:1000, respectively. On the following day, the membranes

were washed in TBST three times and probed with appro-

priate secondary peroxidase-labeled IgG (1:15,000, Ding-

guo, Beijing, China) for 1 h at room temperature. The protein

bands were finally visualized with ECL detection reagents

(Tiangen, Beijing, China). After exposure in the darkroom,

protein bands were observed on X-ray film (Eastaman Kodar

Co, NY, California, USA). Quantitative analysis of Western

blot was performed by densitometry with the Gel logic 2000

image system (Eastaman Kodar).

Real-time PCR assay

Real-time PCR was performed to verify the expression

levels of IL-6, Stat3, Mcl-1L, Bcl-xL, survivin, MMP-2

and MMP-9 mRNA in severe preeclamptic and normal

control placentas. Total RNA was extracted from the pla-

cental tissue with Trizol Reagent� (Life Technologies,

Grand Island, NY, USA) according to the manufacturer’s

recommendations. RNA was then quantified using an ul-

traviolet spectrophotometer at 260 nm. RNA integrity was

evaluated using agarose gel electrophoresis to determine

the ratio of 28S/18S rRNA in each sample. Reverse

Transcriptase M-MLV kits (TaKaRa, Dalian, China) were

used for reverse transcription to synthesize cDNA.

For the Mcl-1L, Bcl-xL, survivin, MMP-2 and MMP-9

genes, a relative standard curve method and analysis

method were used as previously described (Zhang et al.

2011b). The sequences of the Mcl-1L primers used were 50-
CCTTCCAAGGCATGCTTCG-30 (sense), 50-GTCTTCAA

GTGTTTAGCCAC-30 (anti-sense), and 50-ATGAGAGTC

ACAATCCTGCCCCA-30 (probe). The sequences of the

Bcl-xL primers used were 50-GCTGGGATACTTTTGTG

GAACT-30 (sense), 50-TCATTTCCGACTGAAGAGTGA

G-30 (anti-sense), and 50-CGGCCACAGTCATGCCCGT

C-30 (probe). The sequences of the survivin primers used

were 50-GTTGCGCTTTCCTTTCTGTC-30 (sense), 50-CG

CAGTTTCCTCAAATTCTTTC-30 (anti-sense), and 50-TT

CTTGGCTCTTTCTCTGTCCAG-30 (probe). The se-

quences of the MMP-2 primers used were 50-ACCAGAT

CACATACAGGATC-30 (sense), 50-CTCTCCATCATGG

ATTCGAG-30 (anti-sense), and 50-TACACACCTGATCT

GGACCCAGA-30 (probe). The sequences of the MMP-9

primers used were 50-AGATGCGTGGAGAGTCGAAA

TC-30 (sense), 50-GGTTCGCATGGCCTTCAGT-30 (anti-

sense), and 50-AAGCAACTGTCCCTGCCCGAGACC-30

(probe). The sequences of the b-actin primers used were 50-
GCGAGAAGATGACCCAGATC-30 (sense), 50-ACCGGA

GTCCATCACGATG-30 (anti-sense), and 50-CTTCAA-

CACCCCAGCCATGTACG-30 (probe). The final real-time

PCR reaction system (20 lL) was composed of 10 lL of

29 Taq PCR Master Mix (Lifefeng, Shanghai, China),

0.5 lL each of 12.5 lM forward and reverse primers

(Sangon), 2.5 lL of 2.5 lM Taqman probe (Sangon),

0.5 lL of ROXII (Sangon), 2.5 lL of 2.5 mM Mg2?

(Sangon), 1 lL of template cDNA and 2.5 lL of RNA-free

H2O. The PCR amplification was performed with initial

denaturation at 95 �C for 2 min, and followed by 40 cycles

at 95 �C for 15 s, and 60 �C for 1 min. The amplified

transcripts were quantified in comparison to a standard

curve, employing b-actin as the internal control. For IL-6

and Stat3, real-time PCR was also performed as previously

described (Zhang et al. 2013b). The sequences of the Stat3

primers used were 50-CTCAAGATTGACCTAGAGAC-30

(sense), and 50-TGGGATTGTTGGTCAGCATG-30 (anti-

sense). The sequences of the IL-6 primers used were

50-TGAACTCCTTCTCCACAAGC-30 (sense), and 50-AG

GTGAGTGGCTGTCTGTG-30 (anti-sense). We used the

2-DDCt method to analyze IL-6 and Stat3 mRNA expres-

sion level, and b-actin was used as the internal control. As

a negative control for all reactions, preparations lacking

RNA were used in place of the cDNA. All samples were

run in triplicate and were performed using an Applied

Biosystems 7500 instrument (ABI, Foster City, CA, USA).

Statistical analysis

Statistical analysis was undertaken using SPSS 17.0 soft-

ware. Data are presented as the mean ± SD. For compar-

isons between the two groups, we used an unpaired
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Student’s t test, Mann–Whitney U test, Kruskal–Wallis test

or Chi square (v2) test as appropriate. P \ 0.05 value was

considered as statistically significant.

Results

Location of Stat3 and pStat3 proteins

in the placentas of severe PE and control patients

Villous trophoblast cells (VT) were easily distinguished

form extravillous cytotrophoblast cells (EVT) and decidual

cells by hematoxylin and eosin (H&E) (Fig. 1a, b). How-

ever, it is difficult to identify EVT and decidual cells in

term placentas through morphology alone. It has been re-

ported that decidual cells are distinguished by positive vi-

mentin staining and negative cytokeratin staining, while

EVT are identified by negative vimentin staining, positive

cytokeratin and positive HLA-G staining (Lockwood et al.

2008b). Therefore, severe preeclamptic and control pla-

centas were immunostained for vimentin, cytokeratin and

HLA-G. As expected, EVT in sections from severe

preeclamptic placentas and normal specimens were iden-

tified by negative vimentin staining (Fig. 1c, d), positive

cytokeratin staining (Fig. 1e, f) and positive HLA-G

staining (Fig. 1g, h). IHC was then performed to determine

whether severe preeclamptic and normal placentas express

Stat3 and pStat3 proteins. The results showed that im-

munostaining of Stat3 (Fig. 2a–f) and pStat3 (Fig. 3a–f)

were localized in EVT, as well as VT in the two groups.

Both cytoplasmic and nuclear immunostaining of Stat3 was

detected. Stat3 was mainly expressed in the cell cytoplasm,

with some in the nucleus (Fig. 2e, h), while specific lo-

calization of immunostaining with pStat3 was observed in

the cell nucleus (Fig. 3e, h). IHC staining of breast carci-

noma specimen with Stat3 (Fig. 2g, h) and pStat3 (Fig. 3g,

h) was used as positive control. For negative control, IHC

staining of breast carcinoma specimen was carried out

using PBS buffer instead of primary antibody (Figs. 2i, 3i).

A significant reduction of Stat3 and pStat3 proteins

expression in the severe preeclamptic placentas

To test the expression levels of Stat3 and pStat3 proteins in

severe preeclamptic placentas, IHC was first conducted in

placental tissues sections collected from 27 severe PE and

23 normotensive pregnant women. The results showed that

both Stat3 and pStat3 displayed weaker staining intensity

in the EVT of severe PE group (Figs. 2a, b, 3a, b) than the

control group (Figs. 2d, e, 3d, e). The same results were

found in VT of the two groups. For VT, the immunos-

taining of Sat3 and pStat3 was significant reduced in the

severe PE group (Figs. 2c, 3c) compared with that in the

normal control group (Figs. 2f, 3f). The immunostaining

intensities of Stat3 and pStat3 were then categorized in

Figs. 2j, k and 3j, k. The staining intensity of Stat3 was

significant weaker in EVT and VT of the severe

preeclamptic placentas than that of normal control pla-

centas (v2 = 11.373, P = 0.010; v2 = 11.809, P = 0.008,

respectively). Both EVT and VT of severe preeclamptic

placentas had remarkable lower expression levels of pStat3

protein than matched control specimens (v2 = 9.825,

P = 0.020; v2 = 9.477, P = 0.024, respectively).

Western blot was then performed to further verify the

protein expression levels of Stat3 and pStat3 in the entire

placentas of severe PE. As expected, statistically sig-

nificant decreased expression levels of Stat3 and pStat3

were observed in severe preeclamptic placentas as com-

pared with those of normal control placentas

(0.486 ± 0.052 vs 1.000 ± 0.248, P \ 0.001;

0.485 ± 0.047 vs 1.000 ± 0.068, P = 0.001, respectively;

Fig. 4). It is notable that the placenta is a complex organ

containing various cells, such as syncytiotrophoblasts, cy-

totrophoblasts, extravillous cytotrophoblasts, fibroblasts,

macrophages, immunological cells and hofbauer cells

(Castellucci and Kaufmann 2006; Unek et al. 2014).

Although the placenta was washed several times, and in-

terstitial tissues were wiped out as thoroughly as possible

when we extracted protein, it was still impossible to obtain

single trophoblast cells from the placenta. Therefore, ob-

jectively, the Western blot results indicate the Stat3 and

pStat3 expression level in the entire placenta, but not only

in trophoblast cells.

Decreased Stat3 and IL-6 gene expression level

in placentas derived from severe preeclamptic

pregnant women

As previously demonstrated, a significant reduction of

Stat3 and pStat3 protein expression was observed in the

placentas of severe PE as compared with that of nor-

motensive pregnant women. To examine whether this

change occurs at the post-transcriptional or transcriptional

level, Stat3 mRNA expression level was measured using

real-time PCR. The results suggested that there was a

statistically significant decrease of Stat3 mRNA expression

in the severe preeclamptic placentas compared with the

control specimens (0.521 ± 0.022 vs 1.000 ± 0.033,

P = 0.048; Fig. 5).

It has been proven that decreased Stat3 phosphorylation

can be induced by decreased Stat3 gene and/or protein

expression in numerous cancers, including choriocarcino-

ma. Moreover, a decreased expression level of upstream

gene and/or protein in the Stat3 pathway, such as IL-6, has

the ability to lead to a decline in Stat3 phosphorylation. It is

well known that IL-6 exerts biological effects by binding to
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its receptors on target cells. The binding of IL-6 to IL-6R

can subsequently trigger the phosphorylation of Stat3.

Therefore, we further evaluated the expression level of IL-

6 mRNA in the placentas collected from 27 pregnant

women with severe PE and 23 women with normotensive

control pregnancies. Reduced IL-6 mRNA level was found

in severe preeclamptic placentas when compared with

normal placentas (0.537 ± 0.026 vs 1.00 ± 0.0312,

P = 0.040; Fig. 5).

b Fig. 1 Identification of extravillous trophoblast (EVT) cells in

placentas of severe preeclampsia (PE) and normal control groups.

a, b Representative H&E staining of placental tissue sections

generated from severe PE and normal control groups. c, d Immuno-

histochemistry (IHC) staining of vimentin in paraffin sections of

severe preeclamptic and normal placentas. e, f IHC staining of

cytokeratin in placentas derived from two groups. g, h IHC staining of

severe preeclamptic and clinically normal placentas with HLA-G

antibody. Arrows indicate EVT. Slides were viewed with an Olympus

IX-71 microscope at a magnification of 9200. All images were

captured with a DP-71 Digital Camera and processed with Adobe

Photoshop version 7.0 software

Fig. 2 Expression level of Stat3 was decreased in extravillous

trophoblast (EVT) and villous trophoblast (VT) of severe preeclamptic

placentas as determined by immunohistochemistry (IHC). a–f Repre-

sentative results from IHC staining with Stat3 antibody of placental

specimens collected from severe preeclampsia (PE) and normotensive

pregnant women. g–h Breast carcinoma specimen was used as

positive control. i IHC was carried out using PBS buffer instead of

primary antibody served as negative control. j Summary of Stat3

staining in EVT from severe preeclamptic and normal placentas.

k Distribution of Stat3 immunohistochemical staining scores in VT of

two groups. Panels b, e and h are high magnification images of panels

a, d and g, respectively. Left panel magnification 9200; middle panel

magnification 9400; right panel magnification 9200. Arrows in a–

h indicated positive expression of Stat3
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Alteration of expression of IL-6 protein in severe

preeclamptic placentas

To elucidate the expression level of IL-6 protein in

severe PE, we performed IHC on the paraffin sections of

severe preeclamptic and normal control placentas. IHC

results confirmed that expression of IL-6 was detected in

EVT and VT of the study group and the matched con-

trols (Fig. 6a–d). The specific localization of immunos-

taining with IL-6 was mainly detected in membrane and/

or cytoplasm in EVT and VT. Cervical carcinoma

specimen was used as positive control (Fig. 6e). For

negative control, IHC was carried out using PBS buffer

instead of primary antibody (Fig. 6f). Notably, the IHC

results demonstrated that IL-6 expression was sig-

nificantly decreased in both EVT and VT of severe

preeclamptic placentas as compared to normal controls

(Fig. 6a–d, g, h, v2 = 8.573, P = 0.036 and v2 = 8.209,

P = 0.042, respectively), which was consistent with the

results of real-time PCR that severe preeclamptic pla-

centas had lower expression levels of IL-6 mRNA than

matched controls.

Fig. 3 Decreased pStat3 expression was observed in severe

preeclamptic placentas as determined by immunohistochemistry

(IHC). a–f Examples of cases immunostained for pStat3 in paraffin

sections from severe preeclamptic and normal control placentas. g–

h Breast carcinoma specimen was used as positive control. i Primary

antibody was omitted as negative control. j Distribution of pStat3

immunohistochemical staining scores in extravillous trophoblast

(EVT) from 27 of severe preeclamptic placentas and 23 normal

placentas. k Summary of Stat3 staining in villous trophoblast (VT) of

two groups. Panels b, e and h are high magnification images of panels

a, d and g, respectively. Left panel magnification 9200; middle panel

magnification 9400; right panel magnification 9200. Arrows in a–

h indicated positive expression of pStat3

212 J Mol Hist (2015) 46:205–219
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Mcl-1L, Bcl-xL, survivin, MMP-2 and MMP-9

mRNA expression levels in severe PE

A number of reports have suggested that pStat3 can reg-

ulate the transcription of Mcl-1L, Bcl-xL, survivin, MMP-2

and MMP-9 in numerous diseases, especially in human

cancer. To confirm whether there is aberrant Mcl-1L, Bcl-

xL, MMP-2 and MMP-9 mRNA expression in severe

preeclampsia, real-time PCR was performed to determine

the relative gene expression levels. The results revealed

that compared with the control group, the expression levels

of survivin and MMP-2 mRNA were significantly de-

creased in severe preeclamptic placentas (5.483 ± 0.594 vs

8.227 ± 0.594, P \ 0.001; 2.782 ± 0.190 vs 3.816 ±

0.715, P \ 0.001, respectively; Fig. 7), while Mcl-1L, Bcl-

xL and MMP-9 mRNA expression levels were unchanged

in severe preeclamptic placentas when compared to control

specimens (4.924 ± 0.270 vs 5.832 ± 0.194, P = 0.575;

5.614 ± 0.344 vs 6.016 ± 0.173, P = 0.102; 6.415 ±

0.228 vs 6.724 ± 0.105, P = 0.074, respectively; Fig. 7).

Aberrant expression levels of survivin and MMP-2

proteins in the placentas collected from patients

with severe PE

IHC was then performed to determine whether altered

expression levels of survivin and MMP-2 proteins are

present in preeclamptic placentas. Our findings suggested

that survivin was mainly expressed in the cell nucleus, and

specific MMP-2 protein staining was mainly observed in

cell cytoplasm (Fig. 8a–l). Survivin and MMP-2 im-

munoreactivity was shown both EVT and VT of placentas

of two groups (Fig. 8a–h). Paraffin sections from a known

survivin-positive breast carcinoma and MMP-2-positive

cervical carcinoma tissues served as positive controls, re-

spectively (Fig. 8i, k), and PBS buffer instead of primary

antibody was used as negative control (Fig. 8j, l). Ex-

pression levels of survivin and MMP-2 were then evaluated

by semiquantitative analysis of IHC staining, and the re-

sults were shown in Fig. 8m–p. Interestingly, the expres-

sion level of survivin showed no significant differences in

EVT of the two groups (Fig. 8m, v2 = 1.785, P = 0.618),

while the intensity of survivin was lower in VT of severe

preeclamptic tissues as compared with that of normal

control (Fig. 8n, v2 = 8.305, P = 0.040). As expected, a

significantly decreased expression level of MMP-2 protein

was present in EVT, as well as VT of severe preeclamptic

placentas as compared with that of matched controls

(Fig. 8o, p, v2 = 17.025, P = 0.001 and v2 = 7.493,

P = 0.024, respectively), which was consistent with the

real-time PCR results that severe preeclamptic placentas

exhibited lower expression levels of survivin and MMP-2

mRNA than control placentas.

Discussion

In the present study, we demonstrated that the expression

levels of Stat3 and pStat3 proteins were significantly de-

creased in EVT, VT and the entire placenta of severe PE

compared with normal controls as determined by IHC in

paraffin sections and Western blot in frozen specimens.

Our findings indicated that a decreased expression level of

Fig. 4 Western blot analysis of Stat3 and pStat3 proteins expression

in severe preeclamptic and normal control placentas. a Representative

bands of Stat3 and pStat3 proteins in placentas derived from normal

pregnancies and pregnancies complicated with severe preeclampsia

(PE). b Relative Stat3 and pStat3 expression in placentas of two

groups was analyzed by densitometry. For comparison of the two

groups, the mean intensity value of the control group was arbitrarily

set at 1. Data from severe preeclampsia were then normalized to the

expression level in normal control group. ** indicated P value\0.05

Fig. 5 Relative Stat3 and IL-6 mRNA expression level in severe

preeclamptic and normal control placentas. Stat3 and IL-6 mRNA

expression level were significantly decreased in severe preeclampsia

compared with normal control. ** indicated P value \0.05
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Stat3 protein may contribute to decreased Stat3 phospho-

rylation in severe PE. Previously, IHC results revealed that

the expression level of pStat3 was lower in trophoblast

cells of term placentas than that in first trimester human

placentas, and preeclamptic placentas showed the lowest

expression level of pStat3 (Weber et al. 2009). It has been

further suggested that trophoblast cells of PE-disturbed

placentas expressed less Stat3 and pStat3 than those of

healthy third-trimester control placentas as determined by

IHC and immunofluorescence (IF; Weber et al. 2012). In

previous studies, IHC and IF were used to investigate the

placental distribution of Stat3 and pStat3 in preeclamptic

placental trophoblast cells. However, placental trophoblast

cells include EVT and VT, and the placenta is a complex

organ containing a variety of cells, not only trophoblast

cells. Therefore, the expression and activation levels of

Stat3 in EVT and VT of severe preeclamptic placentas

were analyzed in our current study. Moreover, to determine

the expression levels of Stat3 and pStat3 in the entire

severe preeclamptic placentas, Western blot, which can

identify the protein level in fresh or frozen tissues, was

employed. Thus, our results may reveal more representa-

tive Stat3 and pStat3 expression levels in the severe

preeclamptic placentas, not only in trophoblast cells. Re-

flective of our findings that decreased Stat3 protein

expression may lead to lower pStat3 expression in PE pa-

tients, we further demonstrated that declined Stat3 may be

a response to decreased Stat3 gene transcription. Our re-

sults showed that Stat3 mRNA was decreased in severe PE

as well indicating that this aberration may initially occur at

the gene transcriptional level.

IL-6, an upstream gene of the Stat3 signal pathway, can

simulate Stat3 protein phosphorylation, which subse-

quently induces targeted gene transcription, such as MMP-

2, MMP-9 and survivin. This is one way for IL-6 to take

part in various biological processes, including anti-apop-

tosis, modulation of invasion and migration, and the im-

mune response (Chen et al. 2009; Guo et al. 2012). IL-6 has

been demonstrated to stimulate cell migration, invasion

and integrin expression in the human trophoblast-derived

HTR-8/SVneo cells, and both exogenous and endogenous

IL-6 can stimulate trophoblast cell migration and invasion

(Jovanovic and Vicovac 2009). IL-6 has been consistently

suggested to be present at higher blood serum concentra-

tions in preeclamptic patients than in normal pregnancies

(Xie et al. 2011), while the expression level of IL-6 in

preeclamptic placentas remains controversial. Previous

observations showed that IL-6 expression was either un-

changed or even reduced in preeclamptic compared with

control placentas (Lockwood et al. 2008a). In agreement

with previous findings that IL-6 mRNA is decreased in

preeclamptic placentas (Benyo et al. 2001), our results

showed that there was a remarkable decreased expression

level of IL-6 mRNA and protein in severe preeclamptic

placentas compared with normal controls. Decreased IL-6

mRNA may induce decreased IL-6 protein expression,

which subsequently lead to decreased Stat3 phosphoryla-

tion as our results showed in the current study. Therefore,

our findings revealed that both decreased Stat3 mRNA/

protein and decreased Stat3 upstream gene IL-6 may con-

tribute to the decreased Stat3 activation in severe PE.

Although preeclamptic placentas express less IL-6 than

normal placentas, elevated IL-6 concentration is reported

in the blood serum of PE. In preeclamptic pregnancies, IL-

6 does not appear to be produced by the placenta itself; the

phagocytosis of dead trophoblastic cells by endothelial

cells may lead endothelial cells to secrete IL-6, which

subsequently cause the activation of additional endothelial

cells, allowing the systemic spreading of endothelial acti-

vation and increased IL-6 serum concentration.

IL-6 has been shown to increase the activity of MMP-2

in primary first trimester cytotrophoblast cells in culture,

and Stat3 has the ability to regulate targeted gene MMP-2

transcription. MMP-2 is a gelatinase that cleaves type IV

collagen and is considered a key molecule in the human

trophoblast invasion process (Isaka et al. 2003; Shiozaki

et al. 2003; Staun-Ram et al. 2004; Wang et al. 2013; Xie

et al. 2004). We demonstrated that the expression level of

b Fig. 6 Decreased IL-6 protein expression was exhibited in severe

preeclamptic placentas as determined by immunohistochemistry

(IHC). a–d Representative immunohistochemical images of placental

sections of severe preeclampisa (PE) and normal control. e Paraffin

section from a known IL-6-positive cervical carcinoma tissue served

as positive control. f IHC staining without primary antibody was

suggested as negative control. g Distribution of IL-6 immunohisto-

chemical staining scores in extravillous trophoblast (EVT) from 27 of

severe preeclamptic placentas and 23 normal placentas. h Summary

of IL-6 staining in villous trophoblast (VT) of two groups. Magni-

fication: 9400; Arrows indicated positive expression of IL-6

Fig. 7 Stat3 signal pathway target genes Mcl-1L, Bcl-xL, survivin,

MMP-2 and MMP-9 mRNA expression levels in severe preeclampsia

and in normal control groups. Mcl-1L, Bcl-xL, survivin, MMP-2 and

MMP-9 mRNAs quantification was shown with the gene copies

normalized relative to the b-actin mRNA level (log copies).

Compared with the normal control group, the mRNA expression

level of survivin and MMP-2 was statistically decreased in severe

preeclamptic placentas, while Mcl-1L, Bcl-xL and MMP-9 mRNA

levels were unchanged. ** indicated P value \0.05
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MMP-2 was significantly decreased in severe preeclamptic

placentas compared with normal controls. Similar to IL-6

expression level in PE, the expression of MMP-2 also re-

mains controversial. Previous studies reported thatMMP-2

expression was either reduced or unchanged in

preeclamptic placentas compared to normal controls

(Omran et al. 2011; Zhang et al. 2011a), whereas the

pregnancies with PE have higher plasma MMP-2 concen-

tration than healthy pregnancies (Palei et al. 2012). It also

has been suggested that the expression level of survivin

was regulated by Stat3 in numerous cells, including tro-

phoblast cells. Survivin is a member of the inhibitor of

apoptosis protein (IAP) family, which plays important roles

in trophoblast proliferation and survival. Consistent with

previous studies (Li et al. 2012), our data obtained from 27

severe preeclamptic placentas and 23 normal placentas

showed that both the mRNA level and protein levels of

survivin in severe preeclamptic placentas are significantly

reduced compared with that in normal placentas. However,

the expression level of survivin in preeclamptic placentas

has been controversially reported. Reports have shown that

the survivin gene is reduced in preeclamptic placentas

compared with normal specimens, whereas the protein

level of survivin is not correlated to its gene level in

preeclamptic placentas, and no remarkable alteration in the

protein level of survivin has been observed between

preeclamptic placentas and normal controls by applying

Western blot and IHC (Muschol-Steinmetz et al. 2013).

The study that compared 8 preeclamptic placentas with 8

normal placentas also showed that there is no significant

difference in protein expression of survivin between

preeclamptic placentas and normal pregnancy placentas

Fig. 8 Decreased expression levels of survivin and MMP-2 proteins

in severe preeclamptic placentas. a–h Representative images from

IHC staining of placental sections derived from severe preeclamptic

and normal pregnant women with survivin and MMP-2. i, k Breast

carcinoma or cervical carcinoma tissues were used as positive control.

j, l PBS buffer instead of primary antibody was used as negative

control. m, n Distribution of survivin immunohistochemical staining

scores in extravillous trophoblast (EVT) and villous trophoblast (VT)

from 27 of severe preeclamptic placentas and 23 normal placentas,

respectively. o, p Summary of MMP-2 staining in EVT and VT of two

groups, respectively. Magnification: 9400; Arrows indicated positive

expression of survivin and MMP-2, respectively
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(Heazell et al. 2008). The explanation for these contra-

dictions may be the differences in patients, sample size,

gestational ages, antibodies used and experimental methods

among different studies. In the current study, our results

suggested that decreased MMP-2 and survivin expression,

which are regulated by Stat3, may be directly linked to

reduced trophoblast apoptosis and invasion in severe PE. In

addition, Mcl-1L, Bcl-xL and MMP-9 mRNA expression

were unchanged between severe PE and normal controls.

Previous studies also demonstrated that Mcl-1L mRNA

expression was unchanged between PE and preterm nor-

motensive age-matched control placentas, whereas Mcl-1S

expression was significantly increased in PE (Soleymanlou

et al. 2007).

Since the rate of apoptosis in the placentas of patients

who undergo premature delivery is increased (Demendi

et al. 2012) and that some cytokines, such as IL-6, are

abnormal (Gulati et al. 2012), to avoid the effects of

premature delivery on the apoptosis and cytokines ex-

pression levels, the length of gestation in our normal

control group was greater than 37 weeks. However, in the

present study, the severe preeclamptic group included

women with pregnancies complicated by preterm labor. It

is well known that the women with PE experience higher

incidence of spontaneous and induced preterm birth than

normal pregnant women, and it is therefore difficult to

include severe preeclamptic patients who do not have

preterm labor. For example, the clinical characteristics of

study participants, including 100 women with PE and 100

normotensive pregnant women indicated that average

gestational age at delivery from the PE group was

4.9 weeks earlier than that of the normal control group

(Xu et al. 2014). It also has been shown that patients with

PE (n = 53) had obviously lower gestational age (weeks)

at delivery compared with normal pregnancies (n = 50)

(32.4 ± 3.7 vs 39.0 ± 1.0, P \ 0.001; Cozzi et al. 2012).

Moreover, the diagnosis of PE includes severe PE and

mild PE, and maternal outcome in women with severe PE

is worse than that in patients with mild PE. Reports re-

vealed that gestational age (weeks) at delivery of severe

PE group (n = 53) was significantly lower than mild PE

(n = 27; 32 vs 37, P \ 0.001; Robinson et al. 2006).

However, apoptosis increases as pregnancy progresses

(Halperin et al. 2000; Smith and Baker 1999), and we

found a decreased expression level of Stat3 pathway-re-

lated genes in severe preeclamptic placentas compared

with control term placentas, whose gestational age was

significantly greater than those from patients with PE. It is

reasonable to speculate that the expression of some Stat3

pathway genes would be further decreased in

preeclamptic placentas when compared with a gestational

aged-matched normal control group, and that the

statistical differences would be much more significant

than those found in this study.

In summary, we found decreased expression and acti-

vation of Stat3 in severe preeclamptic placentas, which

may be caused by decreased Stat3 gene transcription and/or

decreased IL-6. Furthermore, we demonstrated that the

expressions of Stat3 downstream genes survivin and MMP-

2 were reduced in preeclamptic placentas. These findings

indicate that the aberrant expression and activation of Stat3

may contribute to the pathogenesis of PE by regulating

trophoblast cells apoptosis and invasion.
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