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Abstract
Pre-eclampsia (PE) is a disorder of pregnancy characterized by proteinuria and high blood pressure, affecting 2–8% of 
pregnancies worldwide. Previous studies have shown that PE is closely associated with trophoblast cell dysfunction. Here, 
we investigated the role of tissue factor pathway inhibitor-2 (TFPI-2) in regulating the biological processes of trophoblast 
cells. The TFPI-2 levels in plasma samples and placental tissues were tested by ELISA, immunohistochemistry, qRT-PCR, 
and western blot. HTR8/Svneo cell line was used to simulate the primary trophoblast cells and H/R culture was applied to 
mimic the oxidative stress state of PE. MTT assay, Annexin V/propidium iodide (PI) apoptosis assay, and transwell assay were 
used to determine the cell proliferation, apoptosis, and invasion. The expression levels of matrix metalloproteinases (MMPs) 
were evaluated by western blot. The expression of TFPI-2 was remarkably up-regulated in both the serum and placenta of 
PE patients. Hypoxia/reoxygenation increased the expression of TFPI-2 in HTR‐8/SVneo cell line. TFPI-2 promoted that 
cell proliferation and inhibited the cell apoptosis of HTR8/SVneo cells in H/R condition. In addition, downregulation of 
TFPI-2 increased the cell invasion and the expression of MMP2 and MMP9. This study reveals that TFPI-2 plays a crucial 
role in monitoring the biological function of trophoblast cells, which might provide theoretical basis and therapeutic targets 
for the treatment of PE.
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Introduction

Preeclampsia (PE) is a special type of hypertensive disor-
ders complicating pregnancy (HDCP) [1]. The main features 
conclude high blood pressure, proteinuria (24-hour quantita-
tive urine protein ≥ 2 g) and edema after 20 weeks of preg-
nancy, and blood pressure returns to normal after delivery 
[2]. The symptoms of hypertension, edema, and proteinuria 
occur before seizures, so they are called preeclampsia [3]. It 
was later recognized that hypertension and proteinuria were 
closely related to maternal and child mortality even without 

seizures [4]. Therefore, PE is identified as a unique disease. 
Due to differences in geography, society, economy, ethnic-
ity, and culture, PE has different incidence rates in different 
regions [5, 6]. At present, PE can be divided into early-onset 
PE (before the 34th week of pregnancy) and late-onset PE 
(after the 34th week of pregnancy) according to the onset 
time [7]. Generally, the earlier the disease, the more seri-
ous the condition [8]. At present, the preventive measures 
are mainly applied for treating PE clinically, such as aspirin 
treatment, low-dose calcium intake, etc., but production is 
still the most effective approach to alleviate PE [9, 10].

The pathogenesis of PE is complex and may be related to 
various factors including placental ischemia and hypoxia, 
immune factors, vascular endothelial cell injury, and genetic 
causes, etc. [11]. However, the exact pathogenesis mecha-
nism of PE is still not clear and needs to be further elu-
cidated. Previous studies have found that PE is associated 
with trophoblast cell dysfunction, including low trophoblast 
cell invasion, abnormal expression of adhesion factors and 
cytokines, immune dysfunction, excessive cell apoptosis, 
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and abnormal secretion of vasoactive substances [12, 13]. 
Therefore, identifying the differentially expressed proteins 
in placental trophoblast cells of patients with PE and analyz-
ing the possible relationship between differential proteins 
and disease occurrence might lay a foundation for further 
understanding of the complex molecular mechanisms that 
trigger PE.

Tissue factor pathway inhibitor-2 (TFPI-2) was originally 
found in placental tissue and is called matrix-associated ser-
ine protein inhibitor [14]. Later studies found that it plays 
an important role in biological behaviors such as cell prolif-
eration, differentiation, and apoptosis [15]. As a suppressor 
gene, TFPI-2 is abnormally activated in various diseases 
including preeclampsia and tumors [16]. However, there is 
no uniform report on how TFPI-2 works in the development 
of PE.

In the present study, we explored how TFPI-2 affects the 
function of trophoblasts, thereby further affecting the patho-
genesis and development of PE.

Methods

Patients and samples

The experiments were approved by the Ethical Committee 
of the Second Hospital of Hebei Medical University. All 
volunteers who agreed to participate in the research signed 
written informed consent following careful explanation. The 
information of the participants was recorded, including the 
gestational age at birth, maternal proteinuria, systolic blood 
pressure, diastolic blood pressure, and fetal birth weight. 
This information was listed in Table 1. We recruited 60 preg-
nant women with normal pregnancy, 60 pregnant women 
with early-onset PE, and 60 pregnant women with late-onset 
PE to obtain the maternal peripheral blood samples.

The expression of TFPI-2 in placental tissues was evalu-
ated in 20 pregnant women with normal pregnancy, 20 preg-
nant women with early-onset PE, and 20 pregnant women 
with late-onset PE. Placentas were collected by elective 
cesarean section, in the absence of induced labor, for all 
groups studied. Placental tissues were obtained by cutting 

a vertical plane through the full thickness of a central and 
apparently normal area, including both the fetal and mater-
nal surfaces. Tissues with calcification or clots were avoided.

Cell culture

HTR‐8/SVneo cell line was used in this paper, which pos-
sesses similar biological functions and traits with primary 
trophoblasts. HTR8/SVneo cells display trophoblast pro-
genitor cell-like characteristics indicative of self-renewal, 
repopulation activity, and expression of "stemness-" associ-
ated transcription factors [17]. H/R culture (two 24-h cycles 
of 8 h of hypoxia and 16 h of reoxygenation) was used to 
simulate the oxidative stress state of PE. HTR‐8/SVneo cell 
line was purchased from American Type Culture Collection 
(ATCC, Manassas, VA). HTR‐8/SVneo cell line was cul-
tured in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) 
with 5% fetal bovine serum (FBS, Gibco). Cells were main-
tained at 37 °C and under 5% carbon dioxide  (CO2). For cell 
transfection, Lipofectamine 2000 (Thermo Fisher Scientific, 
Waltham, MA USA) was used according to manufacturer’s 
instructions. The siRNA sequences were listed as follows:

5′-AGC CCA UAC AAG UAG CUU CAU CUG G-3′ and 
5′-CCA GAU GAA GCU ACU UGU AUG GGC U-3′ for 
siTFPI-2;

5′-UGC ACA UGC ACG UUU GCA AUC CUC C-3′ and 
5 ′GGA GGA UUG CAA ACG UGC AUG UGC A-3 ′ for 
siTFPI-2/2.

Enzyme‑linked immunosorbent assay (ELISA)

The Human TFPI2 ELISA kit (ab213836) purchased from 
Abcam was used for the quantitative measurement of human 
TFPI2 in serum according to manufacturer’s instructions.

Immunohistochemistry

The immunohistochemistry method uses routine procedures. 
Anti-TFPI2 (ab86933) was purchased from Abcam.

Table 1  The clinical 
characteristics of the 
participants

a p < 0.05, versus control, bp < 0.01, versus control

Characteristics Control Early PE Late PE

Case 60 60 60
Gestational age (week) 39.32 ± 1.52 33.56 ± 2.14 37.45 ± 3.21
Proteinuria (cases) 0 59 60
Systolic blood pressure (mmHg) 112.96 ± 9.98 153.49 ± 11.25b 157.98 ± 15.41b

Diastolic blood pressure (mmHg) 74.56 ± 10.26 114.25 ± 7.9b 109 ± 12.75b

Birth weight (g) 3678 ± 156.96 1756.36 ± 185.4b 2317 ± 267.8a
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Western blot

The following antibodies were used: anti-TFPI2 (ab186747), 
anti-β-actin (ab115777), and anti-MMP2 (ab37150); anti-
MMP9 (ab38898) were purchased from Abcam. Phospho-
p44/42 MAPK (Erk1/2) (Thr202/Tyr204), and p44/42 
MAPK (Erk1/2) were purchased from Cell Signaling 
Technology.

Reverse transcription‑quantitative PCR (RT‑qPCR)

TRIzol Reagent (Thermo Fisher Scientific) was used to 
extract total RNA from tissues. SuperScript™ II Reverse 
Transcriptase (Invitrogen, Waltham, MA USA) was used to 
synthesize first-strand cDNA. Fast SYBR™ Green Master 
Mix (Applied Biosystems, Waltham, MA, USA) was used 
for real-time quantification analysis. The following prim-
ers were used: forward primer 5′-GTC GAT TCT GCT GCT 
TTT CC-3′ and reverse primer 5′-CAG CTC TGC GTG TAC 
CTG TC-3′ for TFPI-2; forward primer 5′-CAG CCT CAA 
GAT CAT CAG CA-3′ and reverse primer 5′-TGT GGT CAT 
GAG TCC TTC CA-3′ for GAPDH. GAPDH was used as an 
internal control.

Cell proliferation

Cell proliferation was tested by -(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. Six groups 
were designed, which were standard culture conditions 
(Standard group), control group under H/R conditions, trans-
fected siNC, siTFPI-2, pcDNA and pcDNA-TFPI-2 groups. 
The log phase cells were collected, and the cell suspension 
concentration was adjusted. 100 μl of the cell suspension 
was added to each well in a 96-well plate, and the cells to 
be tested were adjusted to a density of 3500 cells per well. 
Cells were incubated at 5%  CO2 at 37 °C and cell prolif-
eration was detected by MTT assay after 24, 48, and 72 h. 
For the measurement, 20 μl of MTT solution (5 mg/ml, i.e., 
0.5% MTT) was added to each well, and incubation was 
continued for 4 h. The culture was then terminated and the 
culture medium in the well was carefully aspirated. 150 μl 
of dimethyl sulfoxide was added to each well and shaken 
on a shaker at low speed for 0.5 min. The absorbance of 
each well was measured at OD 560 nm of the enzyme-linked 
immunosorbent detector. Each group has three repetitions.

Cell apoptosis

Annexin V/propidium iodide (PI) apoptosis assay was used 
for assessing cell apoptosis. Six groups were designed, 
which were standard culture conditions (Standard group), 
control group under H/R conditions, and transfected with 
siNC, siTFPI-2, pcDNA and pcDNA-TFPI-2 groups. After 

24 h of transfection, the cells were plated into 24-well plates 
(50,000 cells per well), and apoptosis was detected by FITC 
Annexin V/Dead Cell Apoptosis Kit with FITC annexin V 
and PI (Thermo Fisher Scientific) 24 h later. Cell apoptosis 
was determined by flow cytometry according to manufac-
turer’s instructions.

Cell invasion

Cell invasion was examined by transwell assay. Matrigel 
(Becton Dickinson) stored at − 20 °C was thawed overnight 
on ice at 2 °C to 8 °C. 100 μl of Matrigel was pipetted on ice 
with a pre-cooled tip and added to ice-cold 300 μl of serum-
free medium for thorough mixing. 25 μl of the above diluted 
Matrigel was placed in a transwell plate (Costar), covering 
the entire polycarbonate film at 37 °C for 30 min to polym-
erize Matrigel into a gel. Six groups were designed, which 
were standard culture conditions (Standard group), control 
group under H/R conditions, and transfected with siNC, 
siTFPI-2, pcDNA, and pcDNA-TFPI-2 groups. Each group 
of cells was rinsed with PBS. Single cell suspensions were 
prepared using serum-free medium: add 200 μl of cell sus-
pension (50,000 cells) to the upper chamber of the transwell 
plate. 500 μl of medium containing 20% FBS was added to 
the lower chamber of the transwell plate. Incubate at 37 °C, 
5%  CO2 for 24 h. Gently wipe the cells on the upper surface 
of the Matrigel gel and polycarbonate film with a damp cot-
ton swab. The upper chamber was carefully removed, lined 
up, marked, incubated with ice-cold methanol for 30 min 
and stained with hematoxylin for 1 min, dehydrated with 
gradient ethanol (80%, 95%, 100%), and made transparent 
with xylene. Carefully cut the polycarbonate film from the 
upper chamber substrate and place a neutral resin seal on 
the slide. The cells attached to the lower surface of the poly-
carbonate membrane were randomly counted 6 times under 
high magnification (×400), and the average was taken. Each 
group has three repetitions.

Statistical analysis

All data were shown as the mean ± SD. Differences between 
groups were analyzed using the one-way ANOVA or two-
tailed Student’s t-test. Statistical significance was accepted 
at P < 0.05.

Results

TFPI‑2 is up‑regulated in the serum and placenta 
of pregnant woman with PE

To illustrate whether the expression of TFPI-2 was changed 
in the PE patients, we first recruited 60 pregnant women 
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with normal pregnancy, 60 pregnant women with early-onset 
PE, and 60 pregnant women with late-onset PE. Table 1 
shows the clinical characteristics including the gestational 
age at birth, maternal proteinuria, systolic blood pressure, 
diastolic blood pressure, and fetal birth weight. We then col-
lected the maternal peripheral blood samples from the three 
groups and measured the plasma concentration of TFPI-2 by 
ELISA. Our results proved that the protein levels of TFPI-2 
in serum were significantly increased in both the early-onset 
and late-onset PE compared with the NC group (Fig. 1a). 
We next collected the placenta samples and detected the 
expression of TFPI-2 by immunohistochemistry. As shown 
in Fig. 1b, TFPI-2 was highly expressed in both the early-
onset and late-onset PE compared with the NC group. To 
further confirm these results, the mRNA and the protein lev-
els of TFPI-2 in placenta tissues were examined by qPCR 
analysis and western blot. As shown in Fig. 1c and d, both 
the mRNA and the protein levels of TFPI-2 were signifi-
cantly higher in both the early-onset and late-onset PE than 
that in the NC group. Therefore, our results demonstrated 
that the expression of TFPI-2 was remarkably up-regulated 
in both the serum and placenta of PE patients.

Hypoxia/reoxygenation promotes the expression 
of TFPI‑2 in HTR‐8/SVneo cell line

To further explore the expression of TFPI-2 in placental 
trophoblast cells, we used the HTR‐8/SVneo cell line, 
which possesses similar biological functions and traits with 
primary trophoblasts. H/R culture (two 24-h cycles of 8 h 
of hypoxia and 16 h of reoxygenation) was used to simu-
late the oxidative stress state of PE. Western blot results 
revealed that the protein levels of TFPI-2 in the cells under 
H/R culture were significantly higher than the control group 
(Fig. 2a). Next, we down-regulated or overexpressed TFPI-2 
by transfecting siTFPI-2 and pcDNA-TFPI-2. Our results 
showed that transfection with siTFPI-2 effectively decreased 
the protein level of TFPI-2 in HTR‐8/SVneo cell line in H/R 
condition (Fig. 2b). In addition, the expression of TFPI-2 
was significantly up-regulated by the transfection of pcDNA-
TFPI-2 in HTR-8/SVneo cells in H/R condition (Fig. 2c). 
Taken together, our results proved that hypoxia/reoxygena-
tion treatment promoted the expression of TFPI-2 in HTR‐8/
SVneo cell line, suggesting that the oxidative stress state of 
PE might also trigger the expression of TFPI-2.

Fig. 1  Plasma and placental 
levels of TFPI-2 in pregnant 
woman with early, late PE 
and normal pregnancy. a The 
TFPI-2 levels in maternal 
plasma samples in early and late 
PE before delivery, compared 
to that in normal pregnancy 
(normal control group, NC). b 
The representative images of 
TFPI-2 expression in human 
placentas tissue were detected 
by immunohistochemistry. 
Scale bar, 50 μm. The expres-
sion of TFPI-2 in placental 
tissues from women with early, 
late PE, and normal preg-
nancy examined by real-time 
PCR (c) and Western blot (d), 
respectively. β-actin was set 
as loading protein. Data are 
shown as means ± SD, n = 60. 
***p < 0.001, ****p < 0.0001 
(versus normal control)
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TFPI‑2 regulates the proliferation and apoptosis 
of HTR8/SVneo cells in H/R condition

To investigate the potential biological function of TFPI-2 
in placental trophoblast cells in H/R condition, we per-
formed MTT assay to estimate cell growth ability in HTR8/
SVneo cells. Our results showed that H/R culture signifi-
cantly suppressed the placental trophoblast cell prolif-
eration, as expected. Transfection of siTFPI-2 rescued the 
inhibitory effects in H/R condition, whereas transfection of 
pcDNA-TFPI-2 showed a reverse trend (Fig. 3a). We also 
selected another siRNA sequence and confirmed that this 
siTFPI-2/2 could also inhibit the proliferation of HTR8/
SVneo cells (Fig. S1). Next, we analyzed the function of 
TFPI-2 in cell apoptosis of in HTR8/SVneo cells in H/R 
condition by Annexin V/PI apoptosis assay. In H/R condi-
tion, the increased cell apoptosis in HTR8/SVneo cells was 
enhanced by the overexpression of TFPI-2 and suppressed 
by the downregulation of TFPI-2 expression (Fig. 3b and 
c). Next, we further explored the mechanisms by which 
TFPI-2 influences cellular proliferation and apoptosis. Cas-
pases are interleukin-1β (IL-1β)-converting enzyme (ICE)-
family proteases that initiate apoptosis in mammalian cells. 
Here, we observed decreased protein levels of cleaved 
(active) caspases 10, 9, 8, 7, 6, and 3 after siRNA-mediated 
downregulation of TFPI-2 in HTR8/SVneo cells (Fig. S2). 
These results indicated that overexpression of TFPI-2 trig-
gers caspase-mediated pathway and apoptosis, and TFPI-2 
suppression, in turn, decreases cell apoptosis and promotes 
cell proliferation. Based on these data, we demonstrated that 
TFPI-2 promoted the cell proliferation and decreased the cell 
apoptosis of HTR8/SVneo cells in H/R condition, suggesting 
that TFPI-2 might function in regulating the proliferation 
and apoptosis in placental trophoblast cells.

TFPI‑2 regulates the invasion of HTR8/SVneo cells 
in H/R condition

To illustrate whether TFPI-2 regulates the cell invasion of 
placental trophoblast cells in H/R condition, the cell invasion 
of HTR8/SVneo cells was determined by Transwell assay. 
The results showed that H/R culture significantly inhibited 
the cell invasion in HTR8/SVneo cells, whereas downregula-
tion of TFPI-2 by siTFPI-2 reversed this trend (Fig. 4a and 
b). In addition, the decreased cell invasion ability by H/R 
culture was enhanced by overexpression of TFPI-2 in HTR8/
SVneo cells (Fig. 4a and b). Previous studies have shown 
that matrix metalloproteinases (MMPs) such as MMP2 and 
MMP9 play an important role in the invasion of tropho-
blast cells [18]. Therefore, we examined the protein levels 
of MMP2 and MMP9 in TFPI-2 silenced and overexpressed 
HTR8/SVneo cells by western blot. Our results revealed 
that H/R culture remarkably suppressed the expression of 
MMP2 and MMP9. Besides, downregulation of TFPI-2 by 
siTFPI-2 significantly enhanced the protein levels of MMP2 
and MMP9, whereas overexpression of TFPI-2 showed a 
reverse effect (Fig. 4c). We also tested the effects of MMP 
inhibitor on the invasion of HTR8/SVneo cells, and our 
results confirmed that MMPs inhibition significantly sup-
presses invasion of HTR8/SVneo cells (Fig. S3). Next, we 
further explored the mechanism by which TFPI-2 modulated 
the expression of MMPs. Mitogen-activated protein kinase 
(MAPK) cascade is an important pathway that responds 
to extracellular stimuli and regulates MMP-2 or MMP-9 
expression, and the extracellular signal regulated kinase-1/2 
(ERK1/2) signaling pathway is preferentially activated. 
Therefore, the expression of p-ERK and total ERK after 
TFPI-2 down-regulation was examined by Western blot. 
Our results showed that there was a significant increase in 

Fig. 2  Downregulation and 
overexpression of TFPI-2 in 
HTR8/SVneo cells in hypoxia–
reoxygenation (H/R) condition. 
a TFPI-2 expression in HTR8/
SVneo cells in normal and 
H/R condition examined by 
real-time PCR and WB. b The 
suppression of TFPI-2 levels by 
siTFPI-2 in HTR-8/SVneo cells. 
siNC represents the nonsense 
siRNA. c The overexpression 
of TFPI-2 levels by pcDNA-
TFPI-2 in HTR-8/SVneo cells. 
pcNC represents the control 
plasmid. Data are shown as 
means ± SD. Independent 
experiments were repeated in 
triplicate. ***p < 0.001
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phosphorylated of ERK1/2 in TFPI-2 silenced HTR8/SVneo 
cells, whereas there was no obvious alteration in total ERK 
(Fig. S4). These results indicated that TFPI-2 regulate the 
MMP2 and MMP9 expressions via MAPK/ERK cascade. 
Therefore, our data suggested that TFPI-2 might regulate the 
cell invasion of placental trophoblast cells under the oxida-
tive stress state of PE.

Discussion

PE is a multisystem disorder during pregnancy which 
considered to be the second lethal disease in direct mater-
nal mortality. Based on statistical data, PE causes nearly 
500,000 perinatal and 70–80,000 maternal deaths each year 
all over the world [19]. PE is defined as proteinuric ges-
tational hypertension 20 weeks after pregnancy based on 
clinical phenotypes including hypertension and proteinuria 
[20]. The origin of PE is confirmed to be triggered by the 
interaction between the maternal condition and the feto-
placental condition in early pregnancy [21]. Till now, the 
molecular mechanism during the pathogenesis of PE is still 
not be fully elucidated and the new therapeutic strategies for 
PE are needed urgently.

TFPI-2 has been reported to participate in the regulation 
of several different cell behaviors including cell prolifera-
tion, migration, apoptosis, and differentiation [22, 23]. Tran-
scription of the TFPI-2 gene in umbilical vein endothelial 
cells, liver, and placenta is very active [24]. Previous stud-
ies have reported that TFPI-2 is localized in placental syn-
cytiotrophoblasts and is expressed in the blood circulation 
of normal pregnant women [25]. However, there have been 
no reports on the changes in maternal serum and placental 
TFPI-2 levels during PE. It has been reported that serum 
concentrations of TFPI-2 increase in PE and intrauterine 
growth-restricted maternal bodies; however, other results did 
not suggest such changes. In the present study, we recruited 
60 pregnant women with normal pregnancy, 60 pregnant 
women with early-onset PE, and 60 pregnant women with 
late-onset PE. Our results proved that the levels of TFPI-2 in 
the serum and placenta tissues were significantly increased 
in both the early-onset and late-onset PE compared with that 
in normal pregnancies. Therefore, we hypothesize that over-
expression of TFPI-2 may be one of the causes of abnormal 
placental structure and function during PE.

PE occurs more commonly after 20 weeks of gestation, 
that is, after the placental function is mature [26]. After 
2–3 days after delivery, the placenta is delivered, and the 

Fig. 3  Downregulation and overexpression of TFPI-2 affect the pro-
liferation and apoptosis of HTR8/SVneo cells in H/R condition. a 
MTT assays show that TFPI-2 suppression promotes the growth of 
trophoblast cells in H/R condition, whereas cell proliferation capacity 
was impaired after transfecting with pcDNA-TFPI-2. Data are shown 
as means ± SD. Independent experiments were repeated in tripli-
cate. *p < 0.05 (pcDNA-TFPI-2 versus pcDNA group), **p < 0.01 

(siTFPI-2 versus siNC group). b Representative images of flow 
cytometry demonstrating the apoptotic trophoblast cells after being 
transfected with siTFPI-2 or pcDNA-TFPI-2. c Quantitative analysis 
of apoptotic cells. Data are shown as means ± SD. Independent exper-
iments were repeated in triplicate. **p < 0.005 (pcDNA-TFPI-2 ver-
sus pcDNA group), ***p < 0.001 (siTFPI-2 versus siNC group)
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symptoms and signs disappear automatically without treat-
ment [26]. These clinical features suggest that the incidence 
of PE is closely related to the placenta. The placenta is a 
natural barrier to pregnancy and plays a vital role in the pro-
cess of pregnancy [27]. The placental vascular bed is mainly 
composed of trophoblast cells, which are the main func-
tional cells of the placenta [28]. During pregnancy, tropho-
blast cells produce cell adhesion molecules, chemokines, 
hormones, enzymes, etc. to ensure normal pregnancy [29]. 
The trophoblast cells are members of the innate immune 
system of the pregnant mother, protecting the fetus from 
the immune damage of the mother, and also one of the main 
sources of oxygen free radicals in the mother [30]. There-
fore, trophoblast cells have always been the focus and hot-
spot in the study of pathogenesis of PE.

Previous studies have found that trophoblast cell dysfunc-
tion occurs in PE, manifested as low invasiveness, abnormal 
expression of adhesion and cytokines, immune dysfunction, 
excessive cell apoptosis, vasoactive substances and abnor-
mal secretion of antioxidants, viral infections, etc.[31]. 
Here, we used the HTR‐8/SVneo cell line, which possessed 
similar biological functions and traits with primary tropho-
blasts. In addition, H/R culture was applied to mimic the 

oxidative stress state of PE. We found that hypoxia/reoxy-
genation treatment promoted the expression of TFPI-2 in 
HTR‐8/SVneo cell line, suggesting that the oxidative stress 
state of PE might also trigger the expression of TFPI-2. To 
further confirm the potential biological function of TFPI-2 
in placental trophoblast cells, we performed MTT assay to 
estimate cell growth ability in HTR8/SVneo cells under 
various conditions. Our results showed that downregula-
tion of TFPI-2 increased the cell proliferation. In addition, 
our results demonstrated that overexpression of TFPI-2 
enhanced cell apoptosis. Taken together, we proved that 
TFPI-2 increased the cell proliferation and decreased the 
cell apoptosis of HTR8/SVneo cells in H/R condition, which 
might be one of the causes of PE.

It has been previously reported that up-regulation of 
TFPI-2 can inhibit the invasion of lung cancer, liver can-
cer, pancreatic cancer, and esophageal cancer [32], but there 
is no specific report on the specific effects of TFPI-2 on 
trophoblast invasion. Therefore, we speculate that TFPI-2 
expression has an inhibitory effect on trophoblast invasion. 
Previous studies have suggested that TFPI-2 affects cell 
migration, invasion, growth, and other functions mainly 
through interaction with extracellular matrix [33]. Through 

Fig. 4  Downregulation and overexpression of TFPI-2 affect the inva-
sion of HTR8/SVneo cells in H/R condition. a Representative images 
of the invasion assays. Trans-well assays exhibit that TFPI-2 sup-
pression induces the invasion of trophoblast cells in the H/R condi-
tion, whereas overexpression of TFPI-2 regress cell invasion in vitro. 
b Quantitative analysis of invasion potential of HTR8/SVneo cells 

after treatments. Data are shown as means ± SD. Independent experi-
ments were repeated in triplicate. **p < 0.005 (pcDNA-TFPI-2 ver-
sus pcDNA group), ***p < 0.001 (siTFPI-2 versus siNC group). c 
MMP-2 and MMP-9 protein expression in TFPI-2 silenced and over-
expressed HTR8/SVneo cells. β-actin was used as a loading control
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the inhibition of various proteases (such as MMP-1, MMP-2, 
MMP-3, MMP-9, MMP-13, etc.) by the arginine pathway, 
TFPI-2 can cause matrix barrier degradation and structural 
rearrangement, thereby playing a key role in inhibiting the 
extracellular matrix degradation [34–37]. The invasiveness 
of trophoblasts is critical during the implantation of pla-
centa. Therefore, we speculate that TFPI-2 also has a similar 
effect on trophoblast cells, causing a decrease in matrix deg-
radation, implantation disorders, and further aggravation of 
placental hypoxia–ischemia. Our results showed that down-
regulation of TFPI-2 promoted the cell invasion of HTR8/
SVneo cells and enhanced the protein levels of MMP2 and 
MMP9. Therefore, our data suggest that TFPI-2 regulates 
the cell invasion of trophoblasts by monitoring the expres-
sion of MMP2 and MMP9.

Conclusion

In conclusion, our present study proved that the levels of 
TFPI-2 in the serum and placenta tissues were significantly 
increased in pregnant women with PE compared with that 
in normal pregnancies. In addition, TFPI-2 plays an impor-
tant role in trophoblast proliferation, apoptosis, and inva-
sion. Therefore, TFPI-2 might serve as a clinical diagnostic 
indicator and a target gene for treatment in PE.
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