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Increased expression levels of vitronectin in the maternal-fetal
interface of placenta in early-onset severe preeclampsia
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Abstract. Preeclampsia (PE) is a pregnancy-specific disease,
the pathogenesis of which remains unclear. The present study
was designed to analyze whether vitronectin (VN), a multi-
functional human glycoprotein, is expressed in PE and normal
placentas. Furthermore, we aimed to explore VN expression
profiles in relation to the pathogenesis of PE. Placental samples
and plasma of early-onset severe PE (EOSP), late-onset severe
PE (LOSP) and 2 control groups corresponding to EOSP and
LOSP were collected. Immunohistochemistry, immunofluo-
rescence and western blot analysis were used to detect VN
protein expression profiles. mRNA expression levels of VN
were detected by reverse transcription polymerase chain
reaction (RT-PCR). The impact of VN on coagulation was
investigated by comparing differences in coagulation param-
eters. Our results demonstrate that expression levels of VN in
the maternal-fetal interface of the EOSP group are the highest
(P<0.001). The expression levels of VN in descending order in
infarct center, infarct edge, near infarct tissues and away from
infarct tissues were identified (P<0.001). Immunofluorescence
and immunoblotting were consistent with immunohisto-
chemical results. The VN mRNA expression was detected.
Prothrombin time (PT) was significantly shorter in EOSP
compared with the control group (P<0.05), which had a
significant negative correlation with expression levels of VN
in the placental tissue of the group. VN may play a key role
in repairing the lesions and limiting necrotic components into
maternal blood through its adhesion. VN may be involved in
the pathogenesis of EOSP by inducing an imbalance between
coagulation and fibrinolysis.
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Introduction

Preeclampsia (PE) is a pregnancy-specific disease which is
characterized by serious hypertension and proteinuria and
is associated with other complications, including edema and
fetal growth restriction (1). PE is one of the main causes
of maternal and perinatal morbidities and mortalities that
complicate approximately 5-8% of all pregnancies (2-4). Early
onset severe PE (EOSP) refers to severe PE before 34 weeks
and must be observed closely for maternal and perinatal
complications. EOSP leads to multi-organ dysfunction and
child mortality (5). Several pathological studies associated
with EOSP, including genetic, immunological, behavioral and
environmental effects, reveal that placental ischemia/hypoxia
is widely regarded as a key factor in EOSP (6,7).

Vitronectin (VN) is an adhesion protein, distributed in
various tissues of the extracellular matrix (ECM). VN is mostly
produced in the liver, however, its mRNA has been detected
in various tissues, including the brain and heart, suggesting
that VN is produced by local cells other than liver (8). As a
multifunctional human glycoprotein, VN plays a significant
role in cell migration, tissue repair, regulation of membrane
attack complex (MAC) formation and enhances inflammatory
process during infection (9). VN has physiological functions,
including cell adhesion, regulation of fibrinolysis, coagulation
and immune defense, which may be crucial in the occurrence
and progression of severe PE, particularly EOSP (5,6).

Few studies have addressed the correlation between VN
and PE thus far. The present study is the first to analyze
VN expression in maternal-fetal interface placental tissues
combined with determination of coagulation parameter
changes in EOSP patients. We utilized immunohistochemistry,
immunofluorescence and western blot analysis to identify
maternal-fetal interface placental tissues of patients with
EOSP with increased VN expression. Increased expression is
associated with infarctions. Furthermore, reverse transcription
polymerase chain reaction (RT-PCR) was used to identify
whether VN is secreted locally in the maternal-fetal interface
of the placenta. Coagulation parameter determination demon-
strated that prothrombin time (PT) was significantly shorter
in the EOSP group. Our results provide evidence of specific
VN expression in the maternal-fetal interface and coagula-
tion alterations in plasma of patients with EOSP. Moreover,
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the present study explored the role and significance of VN in
EOSP, thus providing a theoretical basis for research and treat-
ment of EOSP pathogenesis.

Materials and methods

Patients, collection of placenta and serum samples. The present
study was approved by the Second Hospital of Jilin University
and all patients provided written informed consent. A total of
63 individuals, 30 normal pregnant females (15 cases as early
control group delivered for social reasons and fetal malforma-
tions before 34 weeks, 15 cases of normal females who delivered
under Cesarean section after 37 weeks as late control group)
and 33 PE females [17 cases of EOSP, 16 cases of late-onset
severe PE (LOSP)] were included in this study. All females
delivered by Cesarean section prior to the onset of labour, with
the exception of the early control group. PE is characterized by
new-onset hypertension, proteinuria and edema after 20 weeks
of gestation and is complicated by renal failure, pulmonary
edema and coagulopathy (10). Females were considered normal
if their blood pressure remained <130/80 mmHg. Patients were
excluded from the study if complicated by: chronic hyperten-
sion, diabetes, renal disease, premature rupture of membranes
and other pregnancy complications, including fetal anomalies
or chromosomal abnormalities. Human placental samples were
obtained immediately following delivery or Cesarean section as
follows: samples of maternal-fetal interface in placental tissues
(infarct center, infarct edge, near the infarct tissue and away
from the infarct tissues) and plasma of EOSP, LOSP and two
groups corresponding to the control group were collected. The
size of the samples was ~1.0x1.0x1.0 cm®. Fresh tissue samples
were stored at -80°C for RT-PCR and western blot analysis.

Immunohistochemistry and immunofluorescence. Immuno-
histochemical staining was performed as previously
described (11,12). Briefly, placental tissues were fixed with
4% paraformaldehyde, embedded in paraffin and then depa-
raffinized. Endogenous peroxidase activity of the tissue was
blocked by incubation in 0.3% H,O, for 10 min. Tissue sections
were kept in 0.1 mol/l citrate buffer (pH 6.0) at 750 W for
20 min to unmask VN antigen and cool down at room tempera-
ture. Specimens were then incubated with primary antibody,
rabbit monoclonal anti-human VN (ab46808, diluted 1:200;
Abcam, Cambridge, MA, USA) for 1 h, washed with phosphate-
buffered solution (PBS) twice and incubated with the PV-9000
secondary antibody, using an Immunohistological Staining kit
(Zhongshan Goldenbridge Biotechnology Co., Beijing, China).
The specimens were stained with diaminobenzidine (DAB) as a
chromogen. A PBS stained sample was used as a blank control.
VN protein expression levels of placentas in the experimental
and control groups were analyzed with Image-Pro Plus 6.0 soft-
ware. Immunofluorescence was performed in a similar manner
with modifications. The secondary antibody was fluorescein
isothiocyanate (FITC)-labeled goat anti-rabbit IgG antibody
(Zhongshan Goldenbridge Biotechnology Co.).

RT-PCR. Total RNA was isolated from the fresh tissue samples
using TRIzol reagent (Invitrogen, Paisley, UK) according to the
manufacturer's instructions and subjected to RT-PCR. For each
sample, 25 ul of reaction mixture was transferred into a tube for

PCR amplification. Primers (Sangong, Shanghai, China) used to
detect VN expression levels were: forward: 5'-CCT TCA CCG
ACC TCA AGA AC-3\ reverse: 5-GAA GCC GTC AGA GAT
ATT TCG-3"; GAPDH: forward: 5'-ATG ACA TCA AGA AGG
TGG TG-3, reverse: 5-CATACCAGGAAATGAGCTTG-3'.
PCR amplification of VN was performed under the following
conditions: 94°C for 3 min, 30 cycles of 30 sec of denaturing at
94°C and 30 sec of annealing at 50°C, followed by a 1 min of
extension at 72°C. PCR products were analyzed by electropho-
resis of 10 pl of each PCR reaction mixture in a 1.5% agarose
gel and bands were visualized by ethidium bromide staining.

Western blot analysis. Tissue lysates were prepared and protein
levels were analyzed by western blot analysis, performed as
previously described with modifications (13,14). Briefly, tissues
were ground and lysates were collected and centrifuged.
Tissue pellets were resuspended in lysis buffer and lysed on
ice. Following centrifugation for 15 min, supernatant fluids
were collected and the protein content of the supernatant was
measured by a NanoDrop 1000 spectrophotometer (Thermo
Scientific, Waltham, MA, USA). The protein lysates were
separated by electrophoresis on a 12% SDS-polyacrylamide
gel and transferred to a PVDF membrane (Amersham
Biosciences, Piscataway, NJ, USA). Membranes were blocked
with 5% skimmed milk for 2 h. Membranes were then probed
with rabbit monoclonal anti-human VN (ab46808, diluted
1:20,000; Abcam) or mouse anti-human f-actin monoclonal
antibody (TA-09, Zhongshan Goldenbridge Biotechnology Co.)
and incubated at 37°C for 2 h or overnight. Blots were washed
three times with TBS, then incubated with HRP-conjugated
goat polyclonal anti-rabbit secondary antibodies (ZB-2301,
1:1,000; Zhongshan Goldenbridge Biotechnology Co.) for 2 h
at room temperature. Signals were detected using enhanced
chemiluminescence (Super Signal Dura Kit, Thermo Scientific)
and chemiluminescence kit on X-ray film.

Coagulation assay. PT, partial thromboplastin time (APTT)
and fibrinogen (FIB) coagulation assays were carried out with
an ACL Top coagulation analyzer (Beckman Coulter, Brea,
CA, USA).

Statistical analysis. For statistical analysis, we used the
SPSS 17.0 software system (SPSS Inc., Chicago, IL, USA).
To determine VN protein expression levels of placentas in
the experimental and control groups, data were analyzed by
independent sample t-tests. For all other comparisons, analysis
was performed using a one-way ANOVA (using LSD correc-
tion to discriminate between the means). Homogeneity of
data was assessed by Bartlett's test and when necessary, data
were logarithmically transformed prior to further analysis.
Spearman's rank correlation test was used to calculate the
correlation coefficient. P<0.05 was considered to indicate a
statistically significant difference. Data were expressed as the
mean + SEM.

Results
Localization of VN in the maternal-fetal interface of placental

tissues. To determine the location of VN in sections from
infarct center, infarct edge, near the infarct tissue and away
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Figure 1. Detection of VN expression in maternal-fetal interface placental tissues. VN mostly stained in necrotic and fibrous regions of the placental infarct
area. Extravillous trophoblasts were strongly expressed around infarctions. (A) Maternal-fetal interface placental tissues of EOSP (DAB, x200). (B) Infarct
center (DAB, x400). (C) Infarct edge (DAB, x400). (D) Near the infarct tissues (DAB, x400). (E) Away from the infarct tissues (DAB, x400). (F) Infarct
center (FITC, x400). (G) Near the infarct tissue (FITC, x200). (H) Away from the infarct tissues (DAB, x200). VN, vitronectin; EOSP, early onset severe

preeclampsia; DAB, diaminobenzidine; FITC, fluorescein isothiocyanate.

from the infarct tissues of the maternal-fetal interface of
placental tissues, we stained VN in each section of tissues using
immunohistochemistry and immunofluorescence micros-
copy. Results indicate that VN was located in each group of
placental tissue, particularly in necrotic and fibrous regions of
the placental infarct area. In addition, it was observed that VN
was largely expressed in the cytoplasm of extravillous tropho-
blasts (EVTs) of the maternal-fetal interface, as well as the cell
membrane and the nuclei of EVTs (Fig. 1).

Expression levels of VN protein in placenta. To determine VN
protein expression, we utilized immunohistochemistry. We
selected five regions randomly and calculated expression using
Image-pro Plus 6.0 software. Expression of VN in placentas of
the EOSP group was found to be highest, followed by LOSP,
late control and early control groups. Each group difference was
considered statistically significant (P<0.001; Table I).

VN protein expression in placenta sections. To analyze
whether the VN protein expression alters in different regions
of the placenta of each group, immunohistochemistry was
performed. We randomly selected the five regions of each
section of placenta and calculated expression using Image-pro
Plus 6.0 software. Our results demonstrate that VN protein
expression level was altered in descending order, infarct center
> infarct edge > near the infarct tissues > away from the
infarct tissues. The difference among each section was consid-
ered statistically significant (P<0.001). Differences of the VN
protein expression in the same section among the groups were
not considered statistically significant (P>0.05; Table II).

Immunoblot analysis of VN protein expression in sections
of EOSP placentas. To validate the immunohistochemistry
observations, western blot analysis was performed to analyze
VN protein expression in sections of EOSP placentas. These
data demonstrate that VN protein expression is higher in the
infarct center than near infarct organizations and away from
infarct organizations, while expression in near infarct orga-

Table I. Expression levels of VN protein in placenta.

IOD of VN protein
Groups Cases expression (x107?)
EOSP group 1 17 15.24+1 91
Early control group 2 15 5.53+0.97
LOSP group 3 16 11.27+2.28
Late control group 4 15 9.52+1.35

P<0.0001 versus each group by the Student's t-test analysis: 1 versus 2,
1 versus 3, 2 versus 4 and 3 versus 4, P<0.001 by one-way ANOVA.
Data are presented as the mean = SD. VN, vitronectin; IOD, integral
optical density; EOSP, early onset severe preeclampsia; LOSP, late-
onset severe preeclampsia.

nizations is higher than that away from infarct organizations.
Results of the western blot analysis in the present study are
consistent with immunohistochemical and immunofluores-
cence analysis (Fig. 2A).

VN mRNA expression levels in placentas of EOSP and the
early control group. Results obtained in the present study
confirm that VN protein levels change significantly between
groups. To this end, we hypothesized that VN mRNA expres-
sion may alter in the placentas of the EOSP and early control
groups. RT-PCR was used to detect VN mRNA expression in
the infarct center, infarct edge, near the infarct tissue and away
from the infarct tissue of the two groups. The trend of mRNA
levels was consistent with immunohistochemistry and western
blot analysis results (Fig. 2B). These effects may be due to
necrosis in the infarct region. To address this question in detail
further studies are required.

Coagulation parameters determination in the maternal plasma
of each group. The effects on coagulation parameters in the
maternal plasma of each group was examined. Coagulation
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Table II. VN protein expression levels of placenta in regions around the infarct organizations (IOD, x107?).

VN expression

Groups Cases Infarct center Infarct edge Near infarct tissues Away from infarct tissues
EOSP group 1 17 26.23+3.93 17.61+6.01 10.86+2.82 241+1.34
Early control group 2 15 22.82+6.21 16.56+4.25 9.23£2.75 1.64+0.96
LOSP group 3 16 26.17+4.9 16.52+1.79 9.88+2.27 1.97+1.39
Late control group 4 15 26.15+5.59 16.43+4.83 9.39+2.59 1.55+0.59

Differences of VN protein expression between the regions in each group (P<0.001). Differences of VN protein expression among the groups
(P>0.05). VN, vitronectin; EOSP, early onset severe preeclampsia; LOSP, late-onset severe preeclampsia.

Table III. Coagulation parameters in maternal plasma.

Groups Cases PT (sec) APTT (sec) FIB (g/) INR

EOSP group 1 17 9.45+0.63 27.69+4.18 4.55+0.91 0.83+0.05
Early control group 2 15 9.88+0.17 27.48+2.11 4.61+0.80 0.85+0.02
LOSP group 3 16 9.63+0.77 24.73+8.63 4.33+0.71 0.84+0.05
Late control group 4 15 9.56+0.24 27.61+£3.92 4.34+1.21 0.83+0.02

Group 1 versus 2 in PT, P<0.05. PT, prothrombin time; APTT, partial thromboplastin time; FIB, fibrinogen; INR; international normalized
ratio; EOSP, early onset severe preeclampsia; LOSP, late-onset severe preeclampsia.
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Figure 2. Analysis of VN protein expression by western blotting and expres-
sion of VN mRNA by RT-PCR. (A) Expression in the infarct center, near
the infarct organizations and away from the infarct organizations of EOSP
and early in the control group: expression level is in descending order. (B)
Expression in the infarct center, near the infarct organizations and away from
the infarct organizations of EOSP and early in the control group: mRNA
was detected in each group. (a) Infarct center of early control group, (b) near
infarct tissues of early control group, (c) away from infarct tissues of early
control group, (d) infarct center of EOSP, (e) near infarct tissues of EOSP and
(f) away from infarct tissues of EOSP. VN, vitronectin; EOSP, early onset
severe preeclampsia.

assays were performed to elucidate the effects on coagulation
parameters, including PT, APTT, FIB and international normal-
ized ratio (INR). Our results reveal that the PT was significantly
shorter in the EOSP group compared with the early control
group and the difference was considered statistically significant
(P<0.05). When the PT of the LOSP group was compared with
the late control group, no significant difference was observed

10:50~

PT(s)

Figure 3. Correlation between plasma PT and expression levels of VN
in maternal-fetal interface placental tissues of EOSP. VN, vitronectin;
PT, prothrombin time.

(P>0.05). In contrast to PT, no statistically significant differ-
ence was found in the APTT and INR in each group (P>0.05;
Table III).

Correlation between VN protein in maternal-fetal interface
placental tissues of EOSP and coagulation parameters. In
the present study, we have demonstrated that VN protein is
expressed in the maternal-fetal interface of placental tissues
of EOSP and that PT is significantly shorter in the EOSP
group. We also analyzed whether VN protein is correlated
with PT in the EOSP group. Spearman's rank correlation test
was used to calculate the correlation coefficient. A significant
negative correlation was observed between plasma PT and the
expression levels of VN in maternal-fetal interface placental
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tissues of EOSP [y(PT)=9.938-3.39x(VN), r=0.612, P<0.05;
Fig. 3]. This finding indicates that overexpressed VN protein
in maternal-fetal interface placental tissues of EOSP may
affect maternal coagulation.

Discussion

Although the etiology of PE remains enigmatic, it is widely
considered that the pathophysiology of placenta is the driving
force. The current protocol for PE is childbirth and subsequent
removal of the placenta (15). Additional evidence has demon-
strated that EOSP has unique pathophysiological changes and
its severity appears to have a close correlation with placental
lesions, including infarct, fibrosis, necrosis and atherosclerosis,
as well as differences in gene expression (16,17). Placental
lesions of EOSP aggravate oxidative stress levels in the
placenta, resulting in changes in expression profiles of vascular
endothelial growth factors, placental growth factor and soluble
vascular endothelial growth factor receptor (18-21). Alterations
in the expression of these molecules are responsible for the
induction of maternal endothelial dysfunction and clinical
manifestitions associated with severe PE, including hyperten-
sion and proteinuria.

VN is also known as the S protein of complement, epibolin
and serum spreading factor and plays a significant role in cell
migration, tissue repair and regulation of MAC formation,
enhancing the inflammatory process during infection (9).
As a human multifunctional glycoprotein, VN is associated
with numerous macromolecular reactions with cell surface
integrin receptors, ECM, anti-thrombin and thrombin. VN
is not only involved in adhesion between cells and cells and
stromal cells, but is also involved in the regulation of coagula-
tion and fibrinolysis and immune defense. The circulating VN
concentration is 200-400 mg/ml, constituting 0.2-0.5% of total
plasma proteins. The concentration of VN in plasma has been
reported to decrease in patients with liver disease and patients
with paroxysmal nocturnal hemoglobinuria (22). Elevated
expression of VN protein has been found in breast cancer (23).
Previous studies (12) have shown that VN is expressed in
the placenta, but few have analyzed VN expression levels in
placental lesions, particularly in patients with EOSP.

In this study, we demonstrated that expression levels of
VN protein were significantly increased in the maternal-fetal
interface of EOSP in comparison with other groups. VN
expression gradually decreased and mRNA was detected in
the infarct center, infarct edge, near the infarct and away from
the infarct of each group by immunohistochemistry, western
blot analysis and RT-PCR. These results indicate that VN may
be involved in the development of EOSP. A large number of
cases of placental infarction and atherosclerosis in EOSP lead
to placental ischemia, hypoxia and failure in local perfusion of
placenta. Increased VN may stabilize the ECM and inhibit cell
membrane damage (24), through its adhesive properties and its
capacity to combine with MAC (25). This may protect blood
vessel integrity, preventing the shedding of necrotic placental
tissues and the toxic substances into maternal circulation. As
a result, these processes prevent occurrence and development
of PE. Moreover, local termination of bleeding during the
necrotic period of placental infarct may be attributed to VN
coagulation function.

Blumenstein et al (4) demonstrated that the 75-kDa single-
chain VN molecule increases 1.6- to 1.9-fold in plasma of
patients with PE and hypothesized that the profile of VN in
plasma may be associated with PE. Immunohistochemical
analysis in the present study revealed numerous free granules
or fragments with VN antibody stain in the infarct center of
the placental maternal-fetal interface, which may be released
by necrotic trophoblasts and secreted by EVTs near the infarct
center. Results were consistent with those of RT-PCR and
western blot analysis. Therefore, we hypothesized that the free
granules or fragments and EVTs near the infarct center may be
the source of elevated VN levels in plasma of PE.

Through analysis of the coagulation parameter changes
in maternal plasma of each group, we found that PT was
shorter in the EOSP group. These data indicate that VN may
be involved in the regulation of coagulation and fibrinolysis.
When maternal vascular endothelial cell damage occurs in
PE patients, VN may protect vascular integrity and promote
local thrombosis and coagulation to prevent bleeding through
combination with platelets, antithrombin IIT and thrombin and
plasminogen activator inhibitor-1 (26). With PT shortened
in EOSP patients, the extrinsic coagulation system may be
activated. In addition, a negative correlation (r=0.612, P<0.05)
between plasma PT and VN expression levels in maternal-
fetal interface of placenta of EOSP was observed. Free VN in
maternal circulation may be a cause of imbalance between the
coagulation and fibrinolytic systems. This hypothesis needs to
be confirmed by futher studies on changes in maternal plasma
levels of VN.

In summary, increased expression levels of VN protein and
mRNA in placental maternal-fetal interface of EOSP may be
involved in adhesion and repair of placental infarct lesions.
Utilization of an antibody against VN-stained free granules
or fragments within and near placental infarct and EVTs near
the infarct center and may be the source of plasma VN of PE.
Negative correlation between plasma PT and expression levels
of VN in maternal-fetal interface of EOSP placenta suggests
that VN has a crucial impact on the activation of the extrinsic
coagulation system.
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