Int J Clin Exp Med 2015;8(10):18107-18114
www.ijcem.com /ISSN:1940-5901/1JCEM0014189

Original Article
Overexpression of heparanase is associated with
preeclampsia by inhibiting invasion of trophocytes
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Abstract: Background: Preeclampsia is associated with inadequate invasion of trophocytes and spiral artery remod-
eling. As a B-D-glucuronidase enzyme, Heparanase is related to tumor angiogenesis, development and invasion.
Trophocytes have similar characteristics to tumor cells, and heparanase could therefore play an important role in the
pathogenesis of preeclampsia. Methods: The expression of heparanase in severe preeclampsia and normal placen-
tas was detected via real-time PCR, immunohistochemistry and western blotting. The effects of heparanase on tro-
phocytes migration and invasion were investigated by culturing the HTR-8/Svneo cell line with recombinant human
heparanase protein in vitro. Results: The levels of inactive 65-kDa heterologous heparanase dimers were obviously
increased, and the content of the 50-kDa active polypeptide was decreased in severe preeclampsia. Furthermore,
exogenous heparanase protein could reduce the migration and invasion of HTR-8/Svneo cells. Conclusion: Our re-
sults suggested that heparanase might be an important factor in the pathogenesis of severe preeclampsia.
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Introduction Trophocytes show similar characteristics to
tumor cells, such as invasion and angiogenesis,
and heparanase plays an important role in the
processes of embryo implantation and placen-
tation [8]. Therefore, we hypothesized that hep-

Preeclampsia, particularly severe preeclamp-
sia, as a leading cause of maternal and fetal
morbidity and mortality, is one of the most seri-

ous complications of pregnancy [1]. Although aranase might contribute to the pathogenesis
the complete etiology and pathogenesis of pre- of severe preeclampsia. In present study, we
eclampsia remain unknown, it is widely accept- investigated HPA mRNA and protein expression
ed that preeclampsia is associated with inade- in the placentas of pregnant women with severe
quate invasion of trophocytes and spiral artery preeclampsia and the effects of HPA on the

remodeling [2]. migration and invasion ability of the extravillous

Heparanase (HPA), a B-D-glucuronidase enzy- trophocytes (EVT) cell line HTR-8/Svneo in vitro.

me, is a unique enzyme in humans that
degrades heparin sulfate proteoglycan (HSPQG)

Materials and methods

[3]. HSPG, which is an important component of Materials

the extracellular matrix (ECM) and is widely dis-

tributed on the cell surface, plays an important The study was approved by the Institutional
role in the growth and development of normal Ethics Committee of Sichuan University West
and pathological tissues [4] The activation of China Second Hospita| and written informed
heparanase is closely correlated with certain consent was obtained from each patient prior
pathophysiological changes, including inflam- to enrollment.

matory reactions [5], angiogenesis [6], and

tumor development, invasion and metastasis Preeclampsia was defined as described by the

[7]. guidelines of the Obstetrics and Gynecology
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branch of the Chinese Medical Association.
Briefly, women suffering from gestational
hypertension with proteinuria were enrolled in
the preeclampsia group [9]. The diagnostic cri-
teria were as follows: blood pressure of 140
mmHg systolic or higher, or 90 mmHg diastolic
or higher; and a 24-hour urinary protein level
greater than or equal to 300 mg, or proteinuria
greater than or equal to 1+ by dipstick testing,
after the 20th week of pregnancy in a previ-
ously normotensive and non-proteinuria wo-
man. Preeclampsia was considered severe if
one or more of the following criteria were met:
(1) blood pressure of 160 mmHg systolic or
higher, or 110 mmHg diastolic or higher on two
occasions at least 6 hours apart while the
patient was under bed rest; (2) proteinuria or 5
g of protein or higher in a 24-hour urine speci-
men, or 3+ or greater in two random urine sam-
ples collected at least 4 hours apart; (3) oligu-
ria of less than 500 mL in 24 hours; (4) cerebral
or visual disturbances; (5) pulmonary edema or
cyanosis; (6) epigastric or right upper-quadrant
pain; (7) impaired liver function; (8) thrombocy-
topenia; and (9) fetal growth restriction. The
exclusion criteria included multi-gestational
pregnancy, diabetes, heart diseases, chronic
hypertension, intrahepatic cholestasis of preg-
nancy, fetal malformation, chronic nepbhritis,
renal hypertension, and nephritic syndrome.

Placentas were obtained from 50 puerperas
who underwent caesarean section between
October 2010 and October 2011 at Sichuan
University West China Second Hospital 20 from
women with normal full-term pregnancies and
30 from patients with severe preeclampsia.
Immediately after caesarean delivery, the cen-
tral zone of the placental tissue was collected
[10] and then stored in liquid nitrogen for future
RNA and protein extraction.

Methods

RNA extraction, reverse transcription, and real-
time RT-PCR: Total RNA from stored placental
tissues was extracted using the TRIzol reagent
(Takara, Japan). First-strand cDNA was gener-
ated via reverse transcription. After a sufficient
amount of cDNA was obtained, we performed
PCR amplification using a real-time PCR cycler
(Eppendorf, Germany). The sequences of the
primers used in these assays were as follows:
GAPDH forward: 5-CAGAGCAAGAGAGGCATC-3’;
GAPDH reverse, 5-GAAGATGGTGATGGGATTTC-
3’; HPA forward, 5-CCTGA AGGCTGGTGGAGA-
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AG-3’; and HPA reverse, 5-GGTAGCAGTCCG-
TCCAT TCA-3'. GAPDH was used as an internal
control. The amplification system included 5 pL
of 2.5x RealMasterMix (2.5 uL), dd H,O (1.8
pL), cDNA (0.5 pL), the forward primer (0.1 L)
and the reverse primer (0.1 yL). The PCR cycling
conditions for B-actin were as follows: Stage 1,
50°C for 2.00 min (1 cycle); Stage 2, 95°C for
10.00 min (1 cycle); Stage 3, 95°C for 15 s fol-
lowed by 60°C for 15 s (40 cycles); and Stage
4, 95°C for 15 s first, then 60°C for 15 s and
60°C for 20 min, followed by 95°C for 15 s (1
cycle). The reaction conditions for HPA were as
follows: Stage 1, 50°C for 2.00 min (1 cycle);
Stage 2, 95°C for 10.00 min (1 cycle); Stage 3,
95°C for 15 s, followed by 60°C for 15 s and
then 72°C for 20 s (45 cycles); and Stage 4,
95°C for 15 s first, then 60°C for 15 sand 60°C
for 20 min, followed by 95°C for 15 s (1 cycle).
The results were analyzed as described by
Thomas D Schmittgen and Kenneth J Livak
[14].

Immunohistochemistry assay: We used immu-
nohistochemistry to detect the expression of
HPA in 50 placental tissues. Formalin-fixed and
paraffin-embedded tissues were cut into serial
sections with a thickness of 4 um. The sections
were stained with hematoxylin and eosin (HE)
for histological examination. The sections were
gradually deparaffinized and rehydrated with
xylene and ethanol, and endogenous peroxi-
dase activity was blocked with a 3% hydrogen
peroxide solution at room temperature for 10
minutes in the dark. The sections were then
subjected to microwave antigen retrieval in
citrate buffer (10 mM, pH 6.0) for 15 min and
subsequently cooled at room temperature and
washed with distilled water for 1 min.
Phosphate-buffered saline (10 mM, pH 7.2-7.6)
was used to wash the sections three times for
5 min each time. Then, the sections were sepa-
rately incubated with a rabbit anti-human HPA
polyclonal antibody (Ab85543, Abcam, UK) at
4°C overnight. Following incubation in a horse-
radish peroxidase (HRP)-conjugated polymer-
ide (GK500505A, Genetic Technology, China)
at 37°C for 40 min, the sections were stained
with DAB solution (3,3-diaminobenzidinetetra-
hydrochloride) (Genetic Technology, China)
under microscopic observation and then coun-
terstained with hematoxylin, dehydrated and
mounted. Negative controls were processed
with rabbit polyclonal IgG (Ab27478, Abcam,
UK). The slides were evaluated with a light
microscope (Olympus, Japan).
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Table 1. Clinical characteristics of women with
and without severe preeclampsia

Characteristics Control (n=20)  SPE (n=30)
Maternal age (years) 29.97+4.32 30.2445.75
Pre-BMI (kg/m?) 20.25+4.37 21.97+3.40"

SBP (mmHg)
DBP (mmHg) 70.62+7.49 93.16+12.38"
Delivery weeks (w) 38.00+1.81 33.91+4.10"

111.26+7.76 150.76+12.91"

Data presented as mean * standard deviation; "P<0.05.

Western blot analysis: Total protein extracted
from the placental tissues was analyzed via
10% SDS-polyacrylamide gel electrophoresis
and then transferred to a 0.22 ym polyvinyli-
dene fluoride (PVDF) membrane (Millipore,
Germany) using a semi-dry western blot trans-
fer system (Bio-Rad, USA) for 90 min at 200
mA. The membrane was subsequently washed
with TBST (TBS containing 0.05% Tween-20) for
1 min, blocked in TBST with 5% non-fat dry milk
and incubated with a primary rabbit anti-human
HPA polyclonal antibody (Ab85543, Abcam,
UK) for 1.5 h at room temperature (RT). The-
reafter, the membrane was washed three times
in TBST (5 min each) and incubated with a sec-
ondary HRP-conjugated goat anti-rabbit anti-
body (ZDR-5306, ZSGB-Bio, China) for 90 min
at RT. After washing four times with TBST, the
membrane was stained using Immobilon
Western kit (Millipore, Germany). The blots
were then detected via chemiluminescence
autoradiography. The resultant protein bands
were quantified using QualityONE software
(Bio-Rad, USA). GAPDH (Ab37168, Abcam, UK)
was used as an internal control.

Cell culture and treatment: An immortalized
first-trimester EVT cell line, HTR-8/Svneo, which
was derived from a short-lived primary EVT cell
line, was used in the present study. This cell
line has been employed in many studies to sim-
ulate the behavior of trophocytes. The HTR-8/
SVneo cell line in this study was provided by Dr.
Yali Hu of Nanjing Drum Tower Hospital, The
Affiliated Hospital of Nanjing University Medical
School, China, and incubated in RPMI1640
medium supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS), 100 U/mL peni-
cillin and 100 pg/mL streptomycin (Beyotime
Institute of Biotechnology) under standard cul-
ture conditions (37°C in 5% humidified CO,
incubator). Cultured HTR-8/SVneo cells in the
log phase of growth were used in this study.
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Scratch migration assay: The effects of HPA on
the migration capacity of HTR-8/SVneo cells
were assessed in a 6-well culture plate. The
density of HTR-8/SVneo cells was adjusted to
1x10° cells/mL, and 2 mL of HTR-8/SVneo cells
was added to every well. The cells were incu-
bated for 48 h (37°C in a 5% humidified CO,
incubator). Once 70-80% confluence was ob-
served, a 1 mm linear “scratch” was made in
the adherent cell monolayer with a 200 yL
pipette tip. Then, different concentrations of
recombinant human heparanase protein (R&D,
USA) were added to the culture medium. The
linear distance between the cells on either side
of the scratch was measured at 10 locations in
each well at0, 6, 12 and 24 hours after scratch-
ing. Each experiment was conducted in trip-
licate.

Cell invasion assay: The HTR-8/SVneo cells
(1x10° cells/mL) were added to the upper well
of a Transwell chamber (Corning, USA) with a
polyethylene terephthalate membrane (PET
membrane) with a 12 ym pore diameter. The
PET membrane was pre-treated with Matrigel
at a concentration of 300 yL/mL. The HTR-8/
SVneo cells were incubated with HPA in 24-well
plates, and after 24 h of incubation, the remain-
ing cells were removed from the upper surface
of the membrane using a sterile cotton swab,
while the cells that had migrated to and invad-
ed the lower surface were fixed with 70% meth-
yl alcohol and stained with trypan blue. Finally,
the number of migrated cells was examined
using a digital microscope. The cell numbers
were counted in five random fields for each
chamber, and the average value was calculat-
ed. Each experiment was conducted in trip-
licate.

Statistical analysis: All of the data were
expressed as mean + SD (standard deviation).
All of the statistical analyses were performed
using the SPSS statistical software package
(SPSS Inc., Chicago, IL, USA). Furthermore, a
P-value less than 0.05 was considered statisti-
cally significant.

Results
Clinical characteristics

Clinical data were obtained from the puerpera
who participated in the study (Table 1). The pla-
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Figure 1. HPA staining in placental tissues. A: Placenta of normal control (original magnification x400). B: Placenta
of severe preeclampsia (original magnification x400). C: Negative control (original magnification x400).

GAPDH

Figure 2. HPA expression in placenta tissues. (1-6) Placenta of severe pre-

eclampsia. (7-12) Placenta of normal control.

cental tissues were classified into two groups:
the severe preeclampsia (SPE, n=30) and nor-
mal pregnancy groups (N, n=20). The results of
one-way ANOVA showed that the women with
severe preeclampsia had a higher pre-BMI than
the controls (P<0.05), while the gestational age
at birth, fetal weight and fetal length were sig-
nificantly lower than the controls (P<0.05).

HPA mRNA expression in placental tissues

The mean + SD 2°T of the severe preeclampsia
group was 0.028+0.011, while that of the nor-
mal group was 0.016+0.002. The result of
Student’s t-test showed that there was no dif-
ference (P=0.3175) between the two groups in
this study.

Localization of HPA in placental tissues

HPA expression was observed in all of the pla-
cental tissues. Positive staining with HPA was
mainly localized in the cytoplasm of tropho-
cytes in the normal group but was found in both
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65kDa
50kDa

the cytoplasm and nucleus
65kDa in the severe preeclampsia
group (Figure 1).
50kDa
Protein expression of HPA

36kDa . :
in placental tissues

Western blot analysis sho-
wed two bands, of approxi-
mately 65 kDa and 50 kDa.
36kDa The expression of the 65-
kDa HPA protein in the
severe preeclampsia group
was significantly higher
than in the normal group
(0.61£0.04 vs. 0.41+0.04,
P<0.05), whereas that of 50-kDa protein was
lower than in the normal group (0.09+0.03 vs.
0.30+0.03, P<0.05) (Figure 2).

Recombinant human HPA protein inhibits cell
migration

The effect of recombinant human HPA protein
on HTR-8/SVneo cell migration was assessed
in vitro using the scratch assay. As shown in
Figure 3, HTR-8/SVneo cell migration was
delayed in the groups treated with recombinant
human HPA protein compared with the negative
controls at 12 and 24 hours.

Recombinant human HPA protein inhibits cell
invasion

To observe the effect of HPA on HTR-8/SVneo
cell invasion, a Matrigel invasion assay was
performed. The results showed that the num-
ber of transmembrane cells in the negative
control group was 167.0+14.2, whereas it was
30.444.4 in the recombinant human HPA pro-
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Figure 3. In vitro assessment of HPA treatment of HTR-8/SVneo cells migration (A) HTR-8/SVneo cells showing re-
growth following in vitro scratch test (original magnification x400). (B) Distance between edges of linear scratch
following treatment with 350 pg/mL or 3.5 ng/mL.

Control HPA350pg/mL

Figure 4. In vitro assessment of HPA treatment of HTR-8/SVneo cells invasion.

HPA3.5ng/mL
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tein-treated group. This difference was signifi-
cant (P<0.05) (Figure 4).

Discussion
The abnormal location of HPA

HPA exists in lysosomes under normal physio-
logical conditions in vivo. In the present study,
HPA was abnormally located in the nuclei of tro-
phocytes in placentas with severe preeclamp-
sia. There are many transcription factors nec-
essary to maintain normal trophocytes function
in the nucleus, such as AP-1 and nuclear factor
kB [12]. These factors are prevented from deg-
radation when bound to heparin sulfate (HS). It
appeared that the overexpression of HPA in the
nucleus degraded HS, and hence, the activities
of HS-bound transcription factors were decre-
ased. Therefore, the normal biological behavior
of trophocytes was destroyed, possibly leading
to severe preeclampsia [13].

The 65-kDa heterologous dimmers and the 50-
kDa polypeptide

HPA is initially synthesized as inactive 65-kDa-
heterologous dimers. After HPA undergoes pro-
teolysis, an 8-kDa active peptide, a 50-kDa
active polypeptide and a 6-kDa connecting
peptide are produced [14]. When the connect-
ing peptide is completely removed, the 50-kDa
and 8-kDa active polypeptides are released.
The 50-kDa polypeptides, with high biological
activity, play the most important roles in the
physiological functions of HPA [14, 15].

The expression of heterologous HPA dimmers
and the 50-kDa active peptide

Our results showed that the expression of het-
erologous HPA dimers was markedly increased
in placentas with severe preeclampsia, where-
as that of the 50-kDa active peptide was signifi-
cantly reduced compared with the placentas
from normal pregnancies. In the severe pre-
eclampsia group, HPA mainly existed in the
form of heterologous dimers and was not fully
activated. Due to a lack of the 50-kDa active
peptide, the full physiological function of HPA
could not be exerted. ECM and basement mem-
brane structures could not be effectively
degraded by HPA, and trophocytes therefore
could not effectively invade the spiral arteri-
oles, decidua and muscular tissue of the uter-
us. This outcome ultimately constituted an
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obstacle to vascular remodeling, and thus, pre-
eclampsia occurred. Heterologous HPA dimers
also have biological functions. They can cause
the release of some cytokines with a high affin-
ity for the HS side chains of HSPG, such as sol-
uble fms-like tyrosine kinase 1 (sFit-1) and
Fibronectin (FN) [16]. Searle reported that HPA
could modulate sFit-1 release, and excessive
expression of HPA could therefore significantly
increase sFlt-1 in the blood circulation of preg-
nant rats [17]. Other researchers have con-
firmed that abnormal sFit-1 is associated with
the onset of preeclampsia [18].

HPA decrease in trophocytes invasion in vitro

To further examine whether HPA overexpres-
sion decreases the migration and invasion abil-
ities of trophocytes, different concentrations of
recombinant human HPA protein were used
when scratch migration and cell invasion as-
says were performed.

The HTR-8/SVneo cell line is an immortalized
trophocytes cell line that was established by
introducing the gene encoding the simian virus
40 large T antigens into first trimester human
trophocytes. The HTR-8/SVneo cell line has
been reported to exhibit a number of character-
istics similar to those of parental trophocytes
cells. Therefore, this cell line has been a useful
tool for investigations of placental function and
tumor progression. In the present study, the
HTR-8/SVneo cell line was used as a model.
Our results showed that exogenous HPA inhib-
ited the migration and invasion ability of HTR-8/
SVneo cells when the minimum exogenous HPA
concentration reached 350 pg/mL. A higher
concentration did not further affect the migra-
tion and invasion ability of HTR-8/SVneo cells.

The present study found that HPA overexpres-
sion and abnormal nuclear localization might
be important factors in the occurrence of
severe preeclampsia. This result was different
from that of Ronit H.K. et al. [19]. We believe
that the different ethnicities and primary anti-
bodies involved might have been the causes.
Our group has begun to construct an animal
model. We plan to inject an HPA overexpression
plasmid into the placentas of pregnant rats and
then observe the outcomes of pregnancy. Such
an experiment would better identify the corre-
lation between HPA and preeclampsia.
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