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Abstract

Background/Aims: Preeclampsia (PE) is a gestational disorder defined as hypertension and
proteinuria, which is deemed a major cause of maternal and neonatal mortality and morbidity
worldwide. The aim of this study was to investigate the expression patterns of placental laminin
(LN)-a5 expression in normal and PE pregnancies, as well as evaluating the effects of LN-a5
on trophoblast proliferation, apoptosis, and invasion. Methods: LN-a5 expression levels were
examined by reverse-transcriptase polymerase chain reaction (RT-PCR), and further confirmed
by western blotting and immunofluorescence staining. Cell proliferation and apoptosis were
measured by CCK-8 assay and flow cytometry. Cell invasion was assessed by matrigel-based
transwell assay. LN-a5 DNA methylation in placentas was determined by bisulfite sequencing
PCR (BSP). Results: LN-o5 expression levels in PE placentas were significantly lower than that
of normal pregnancies. Deficiency in LN-a5 expression resulted in decreased trophoblast
proliferation and invasion but increased cell apoptosis, meanwhile, PI3K/AKT/mTOR signaling
pathway was impaired by LN-a5 silencing. LN-a5 promoter methylation didn't show
significant difference between PE and normal placentas. Conclusion: LN-o5 downregulation
is associated with PE placenta and impairs trophoblast viability and invasiveness, which could
be a causative factor of PE pathogenesis.
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Introduction

Preeclampsia (PE) is a pregnancy specific disorder usually occurs after 20 weeks of
gestation, and defined as newly diagnosed hypertension accompanied by proteinuria. The
incidence of PE is 3% to 7% of all pregnancies, and it is a major cause of maternal and
neonatal mortality and morbidity worldwide [1, 2]. Studies on the etiology and pathogenesis
of PE have shown the involvement of various factors such as inadequate trophoblast invasion
and abnormal placental development in PE development [3, 4]; however, the exact causes of
PE remain unclear.

Laminins (LNs) are the best-described extracellular matrix (ECM) constituents that
influence cell adhesion [5]. LNs are composed of three subunits, designated «, 3 and y chains,
which assemble into a cross-shaped trimer to form 16 different isoforms [6-8]. The most
widely expressed LN subunit in adult basement membranes is the laminin-a5 chain (LN-a5)
[9]. Unique developmental roles of LN-a5 have been studied in knockout (LN5-KO) mice since
1998, the result demonstrated embryos lacking LN-a5 die late in embryogenesis, and exhibit
multiple developmental defects, including exencephaly, syndactyly and dysmorphogenesis
of placental labyrinth. [10]. Some studied suggested that LN-a5 were present within the
basement membranes (BMs) of skin, skeletal muscle, lung, intestine, retina and kidney, and as
the structural protein, so the LN-a5 had an outstanding biological role [11, 12]. For example,
Ritie” and colleagues reported that the presence of malformed intestine in LN-a5 deficient
mice is caused by abnormal wingless-type MMTV integration site family member(Wnt) and
phosphoinositide 3-kinase (PI3K) signaling [13]. The role of LN-a5 in promoting dermal
papilla development and its function during early hair morphogenesis had been reported
in mouse [14]. In addition, Simone and colleagues demonstrated the disease phenotype
associated with LN-a5 mutation in humans including skin anomalies, impaired scarring,
night blindness, muscle weakness, osteoarthritis, joint and internal organs ligaments laxity,
malabsorption syndrome and hypothyroidism [15]. Thus, the qualitative and quantitative
expressions of LN-a5 were different during the development stage as the regulatory
molecules.

It is known that PI3K/serine-threonine protein kinase B/mammalian target of
rapamycin (PI3K/Akt/mTOR) signaling pathway plays important regulatory roles in cell
migration, invasion, and apoptosis in variety cancers including breast cancer, prostate
cancers, melanomas, and so on [16]. Mouse studies have demonstrated that LN-a5 has been
shown crucial for embryonic intestinal epithelial and mesenchymal cell behaviors through
the inhibition of Wnt and activation of PI3K signaling [13]. Considering that trophoblast cells
and cancer cells share many similarities in cell proliferation, migration and invasion, LN-
a5 is a plausible causative factor for PE probably by regulating PI3K/Akt/mTOR signaling
pathway in trophoblast. In this study, we investigated the expression patterns of LN-a5
in human placentas and assessed mechanisms by which LN-a5 may be involved in the
pathogenesis of PE.

Materials and Methods Table 1. Clinical characteristics of participants (n=20)
Category Control Preeclampsia P value
Patients recruitment and tissue -
. Patient age (year) 33.47+5.42 30.19+5.37 0.056
collection
Placentae were obtained from PE Gestational age (week) 34.71£1.92 35.33+2.39 0.362
(35.33+ 2.39 weeks, n=20) and normal Body mass index (kg/m?) 22.90+2.32 22384224  0.462
pregnancy (34.71x1.92 weeks, n=20) o
Proteinuria (g/24 h) — 3.47+0.92 —

between March 2016 and May 2017 at
the First Affiliated Hospital of Chongqing Systolic blood pressure (mmHg) 120.19+7.60 162.265.62 0.000
Medical University, Chongqing, China. PE Diastolic blood pressure (mmHg) ~ 73.90+4.03 10571572  0.000
was diagnosed according to the guidelines

. ) Neonatal birth weight (g) 3373.80+308.52 2515.23+161.07 0.000
of the U.S. National Institutes of Health (U.S.
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National High Blood Pressure Education Program 2000). Placental tissues were obtained immediately after
delivery by caesarean section. Small pieces (~0.5 cm?®) were cut from the maternal part of the placentas under
aseptic conditions and washed briefly with sterile PBS to remove maternal blood clots. All samples were
frozen within 15 min after delivery and stored in liquid nitrogen for western blot and immunofluorescence
analyses. The clinical details of participants are summarized in Table 1. The collection and use of placental
samples was approved by the Ethical Committee of the First Affiliated Hospital of Chongqing Medical
University, and written informed consent was provided by all participants.

Cell culture and treatments

To assess the function of LN-a5 in vitro, human trophoblast cell line HTR-8/SVneo, which was kindly
provided by Dr. Charles H. Graham (Kingston, ON, Canada), has been used. HTR-8/SVneo cells were cultured
in Roswell Park Memorial Institute (RPMI) 1640 media (Gibco, MA, USA) that containing 10% fetal bovine
serum (FBS) (Gibco, MA, USA). In the control group, cells were incubated in 5% CO, at 37 °C, while, the
H/R group was performed as follows: 8 hours under 2% oxygen followed by transfer to standard culture
condition with 20% oxygen for 16 hours [17]. PI3K inhibitor LY294002 (2-(4-morpholinyl)-8-phenyl-4H-
1-benzopyran-4-one) was purchased from Selleck Biochemicals (LY, Houston, USA), which was diluted with
dimethylsulfoxide (DMSO) [18]. The HTR8/SVneo cells were pre-incubated with 20 uM LY294002 for 24
hours.

RNA interference

The LN-a5 siRNA sequences (5'-GCATCAGCTTCGACAGTCA-3') and scramble RNA were synthesized
by Ribobio (Guangzhou, China). HTR8/SVneo cells were transiently transfected with either LN-a5 siRNA or
scramble RNA as a control by using Lipofectamine 2000 (Invitrogen, USA) according to the manufacturer’s
protocol. The transfection efficiency was further assessed by western blot.

qPCR

gPCR was performed as previously described [19]. Briefly, total RNA was isolated from cells or
tissues by the use of Trizol (Takara Biotechnology Co. China), and then reverse-transcription to cDNA was
performed by the use of Superscript Il First-Strand Synthesis System (Takara Biotechnology, Japan). Primers
are listed in Table 2.

Western blotting

Proteins extracted from tissues or cells were subjected to western blot as previous reported by our
group [19]. Primary antibodies against western blotting: LN-a5 (1:1000; Abcam, ab184330), Akt (1:1000;
Cell Signaling Technology, #9272), p-Akt (Ser473) (1:1000; Cell Signaling Technology, #9271), mTOR
(1:1000; Cell Signaling Technology, #2983) and p-mTOR (Ser2481) (1:1000; Abcam, ab137133) were used.
Protein expression was detected by using enhanced chemiluminescence reagents (Beyotime, China) and
analyzed by Quantity One 4.4.0 (Bio-Rad, USA).

Immunofluorescence staining
The immunofluorescence assays were performed to as previously described [20], Briefly, for tissues,
samples were incubated for 2 h at room temperature in blocking buffer (5% bull serum albumin dissolved in
PBS) and incubated overnight with the anti-LN5 (1:200; Santa Cruz, sc-20145) and anti-cytokeratin 7 (CK7,
1:200, Santa Cruz, sc-23876) antibodies in blocking buffer. For cell
culture, Cells were fixed in ice-cold methanol and then blocked Table 2. Primers for quantitative RT-
in 1% bovine serum albumin (BSA), and were further incubated  pcR
in anti- LN-a5 antibody (1:1000; Santa Cruz, sc-20145) followed
by a fluorescein isothiocyanate (FITC)-conjugated secondary
antibody (Zhongsan Golden Bridge Crop) for 1 h. Images were LN-A5  Upstream: CCCACCGAGGACCTTTACTG
acquired with an Olympus BMX-60 microscope equipped with
a cooled charge-coupled device sensi-camera (Cooke, Auburn
Hills, MI, USA) and SlideBook software (Intelligent Imaging B-actin  Upstream: CATGTACGTTGCTATCCAGGC
Innovations, Denver, CO, USA).

Sequence

Downstream: GGTGTGCCTTGTTGCTGTT

Downstream: CTCCTTAATGTCACGCACGAT
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Cell proliferation assay

Cell proliferation was measured by using the Cell Counting Kit (CCK-8) (Beyotime, Jiangsu, China)
according to the manufacturer’s instruction. In short, transfected cells were seeded in 96-well plates in 100
uL of complete culture medium at a density of 1x10* cells per well and incubated for 24 h. CCK-8 solution
(10 pL per well) was added and then incubated for 2 h. Absorbance was measured at a wavelength of 450
nm by the use of a spectrophotometer (Thermo, USA).

Cell invasion assays

Transwell assay was performed to evaluate the invasive capabilities of trophoblast in vitro. In the
invasion assays, the upper side of the membrane was pre-coated with matrigel (BD Biosciences, San Jose,
CA, USA) as described previously [21]. The lower chamber was added with cell culture medium containing
10% FBS, after incubated for 8 h at 37 °C, the cells on the upper well were removed by cotton swab, and the
invades cells attached to the bottom side of the filter were fixed in methanol and stained. The invaded and
migratory cells were observed and recorded under a microscopy (Olympus IX51, Japan) at a magnification
of 200 X in 10 random fields.

Flow cytometry

Flow cytometric analysis was used to detect apoptosis of trophoblast by the use of a fluorescein
isothiocyanate (FITC) Apoptosis Detection kit (Key-GEN Biotech, Jiangsu, China) as previously described
[22]. In brief, 1x10° cells were seeded in six-well plates with different groups for 48h, then the cells were
harvested and washed with phosphate-buffered saline (PBS) for twice. Later, the cells were resuspended
with 500 pL of 7-AAD staining solution for 10 min. within an hour, apoptosis rates were analyzed by FACS
Vantage SE flow cytometer (BD Biosciences, San Jose, CA, USA).

DNA methylation analysis

Genomic DNA samples was extracted from normal and PE placentas, and purified by using DNAzol
(Invitrogen). Purified DNA samples were further treated with sodium bisulfite (Sigma, Phoenix, USA), and
then analyzed by bisulfite-sequencing PCR (BSP) as previously described [23]. The base sequence of LN-a5
is:

TGGGCTGGGAGGAGCTGGTGGGCGCTCTGGGGGCCAGGGCGTCGTGGGGAGCGCTAGGGTCCCACCCGGGA

CCCGGAGCTACGACCTGGGCTGGGGGCCCGGCGGCGCCGTCGTCCCACGGCCTGGCCCGAGGCCAGCAGGTG

CCCCTTCCGGGAGGCGGCCGGGCCGGGGTCCGAAGGGTTAAGGCCGCCCGGCCGCCCCTCCCCCTCCTCTCT

CCTTCCCCCCCCCACCCCGCCTCCCCGGACCTCTCCCCGGGGCTCGGGGCTCGGGCGCTCGGGCGGGCCGGG

GCGGGGCCTGACGTCCGCGGGCGGAGCGAGCCCTGCCGGCCGCCTGGCTTCAGACCCGCCGGGCT.

The methylation-specific primers were InF: 5- TGGGTTGGGAGGAGTTGGT and InR: 5'-
AACCCRACRAATCTAAAACCAA. All analyses were conducted on the CpG site and region levels. Regional
analysis was performed on predefined genomic regions (5 kb tiles, genes, promoters and CpG islands).

Statistics and data analysis

Data were presented as the mean * standard deviation (SD), and differences between groups were
evaluated using Student’s t test. Results were analyzed using SPSS 20.0 software (SPSS Statistics, Inc.,
Chicago, IL, USA). A value of P < 0.05 was defined as statistically significant.

Results

Clinical characteristics

Differences in study participant demographics and clinical features between the 20
healthy pregnant women and 20 women with PE were evaluated. Women in early pregnancy
were similar in age, gestational age and body mass index (P>0.05). Women with PE had
significantly higher proteinuria, systolic blood pressure and diastolic blood pressure as well
as significantly lower neonatal birth weight compared with healthy women (P <0.01) (Table
1).
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Fig. 1. LN-a5 expression
in human placenta from
PE compared with normal
pregnancy. A: The mRNA
expression of LN-a5 in
PE and normal controls
measured by qPCR. B-actin
was used as control. B:
Representative  western
blot bands of LN-a5 in
normal and PE placental
tissues, and statistics of
densitometry. C: Double
Immunofluorescence
Labeling  (magnification
x400) of LN-a5 in PE and
normal placenta tissues.
Red: CK7; green: LN-a5;
blue: 4’ 6-diamidino-2-
phenylindole (DAPI). Data
are presented as the
mean * S.EM, n = 20,

*P<0.05,**P<0.01.

PE placenta is associated

with LN-a5 down-regulation

To determine the
transcription levels of LN-a5
in placentas from PE patients
and normal control. qPCR was
performed and the results
demonstrated a four-fold
decrease of LN-a5 mRNA levels
in PE placentas in compared
with normal (P < 0.05, Fig.
1A). This was further validated
by western blotting and
immunofluorescence staining,
Consistently, western blots
showed a two-fold decrease of
LN-a5 protein in the PE group
compare to the normal group (P
<0.01, Fig. 1B). Areduction in LN-
a5 protein immunofluorescence
staining was also detected (Fig.
1C). Taken together, these data
clearly show that the expression
of LN-a5 is compromised in PE
placentas.

Fig. 2. Expression of LN-a5 in HTR8/SVneo cells under different
treatments. A:IF staining of LN-a5 proteins in HTR8/SVneo cells,
LN-a5 is labelled in green, and nuclei is counterstained by DAPI
(blue), 400X; B: representative western blot band of LN-a5,
[-actin was used as loading control, n=3,*P<0.05.
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Fig. 3. Effects of different treatments on HTR8/SVneo cell invasion. A: Transwell invasion of cells in each
groups; B: Statistical bar graphs of the invasion assays, 200X. Data were analyzed by analysis of variance
(ANOVA) to assess significant differences. Original images were taken at 200 magnification, n=3,*P<0.05,**
P<0.01.

LN-a5 RNA silencing and

H/R treatment mimic

PE-like LN-a5 expression

reduction in HTR8/SVneo

cells

For further investigate
the effects and underlying
mechanisms of compromised
LN-a5 expression on
PE development, LN-a5
deficiency and PE in vitro
models are required. Thus
HTR8/SVneo cells were
given LN-a5 RNAi or H/R
treatment.  Then  LN-a5
protein expression levels in
different groups of HTR8/ Fig. 4. Effects of different treatments on HTR8/SVneo cell
SVneo cells were measured proliferation and apoptosis. A: CCK-8 proliferation assay, n=3, **
by western blots and P <0.01; B: Flow cytometric analysis of apoptosis; C: Statistical bar
immunofluorescence staining.  graphs of the apoptosis assays, n=3,* P <0.05,** P <0.01.
As shown in Fig. 2, western
blot results showed that the
protein expression of LN-a5 in HTR8/SVneo cells was significantly reduced following LN-a5
siRNA silencing and H/R treatment compared with the control group (P < 0.05), which is
further confirmed by immunofluorescence staining.

Assessment of the role of LN-a5 on cell invasion, proliferation, and apoptosis

To further investigate the role of LN-a5 on invasion of HTR-8/SVneo cell, transwell
matrigel invasion assay were used to evaluate the HTR8/SVneo cell invasion ability.
Compared with control group, siRNA group significantly decreased the percentage of cells
that showed invasion (Fig. 34, 3B; ** P <0.05), and the H/R group had a more significantly
decreased in invasion (Fig. 34, 3B; ** P <0.01).

Then the effects of LN-a5 on trophoblast apoptosis and proliferation were assessed.
Compared with the control group, siRNA and H/R group significantly decreased proliferation
of HTR8/SVneo cells by CCK-8 assay (Fig. 4A; ** P <0.01). We also analyzed the effect of LN-
a5 on the apoptosis using flow cytometry, as shown in Fig. 4B, 4C, the total early and late
apoptosis were 16.1% and 8.4% in LN-a5 silencing and the H/R and group, respectively,
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Fig.5.PI3K/Akt/
mTOR Signaling
Axis in HTR8/
SVneo cells. A:
Representative
western blot
of p-Akt, Akt,
p-mTOR and
mTOR in HTR-8/
SVneo cells were treated with LN-a5 siRNA, H/R and LY, 3-actin was used as loading control; B,C: Quantitative
analyses of the difference in the phosphorylation of Akt and mTOR in HTR8/SVneo cells respectively, n=3,**
P <0.01.

which were significant increased compared with control group. (**P <0.01). The data
indicate that down-regulation of LN-a5 reduces trophoblast cell proliferation and invasion,
and increases cell apoptosis.

LN-a5 is essential for PI3K/AKT/mTOR signaling axis activation in HTR8/SVneo cells

To study the role of LN-a5 in the regulation of PI3K/Akt/mTOR signaling pathway,
HTR8/SVneo cells treated with PI3K pathway inhibitor LY or hypoxia/reoxgenation (H/R)
were subjected to western blots. As shown in Fig. 5, western blots results showed that
LN-a5 silencing, H/R and LY treatment all result in significant reduction in Akt and mTOR
phosphorylation. These data suggest that down-regulation of LN-a5 may cause PE by
inhibiting PI3K signaling.

LN-a5 promoter methylation wasn’t differ between normal and PE placentas

Abnormal methylation of LN-al, LN- a2, LN- a3, LN- a4, LN-f31 have been reported in
breast carcinoma [24]. To future study the underlying mechanism of compromised LN-a5
expression in PE placenta, LN-a5 DNA methylation levels in normal and PE placentas were
determined by performing BSP. The results demonstrated that LN-a5 promoter region is
hypermethylated in either normal or PE placenta, indicating that the DNA methylation might
not the causative factor of reduction of LN-a5 expression in PE placenta (Fig. 6).

Discussion

ECM is a non-cellular structure that is present in all tissues and can be divided into
two separate types, the connective tissue matrix and BM [25]. The ECM provides structural
support and promotes cellular functions including differentiation, adhesion, migration,
proliferation, axonal growth and morphogenesis in many tissues [6, 26, 27]. LNs are a
family of heterotrimeric glycoproteins and part of the ECM, and are important for multiple
biological processes [5]. LN-a5 is widely expressed in BM containing multiple domains
implicated in various biological processes, such as embryogenesis and placental development
[11]. Evidence has demonstrated that knocking out LN-a5 genes in murine models cause
embryonic lethal outcomes and considerable abnormalities in vascular and cytotrophoblast
differentiation during placental development. These placental abnormalities are potentially
caused by the lack of stable adhesion between cytotrophoblasts and LN-a5 [10, 28].

LNs are large non-collagenous glycoproteins that localized in the trophoblast and
glomerular basement membrane. Some study found the serum LN levels were significantly
higher in the PE than the normal pregnant group and it suggested LN plays an important
role in implantation of the placenta [29]. Our group had previously demonstrated the LN-a4
had closely related in PE placenta, that LN-a4 could promoted trophoblast cell in invasion,
migration, and angiogenesis in PE placenta [30]. To future research the role of LN family in
the PE placenta, LN-a5 was investigated.
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sequencing assay. A total of 39 CpG sites in the normal and PE placentas were included, respectively. Each
black circle represents a methylated CpG site, while the white circle represents an unmethylated CpG. The

LN-a5 promoter was not significantly altered in PE placentas compared with that in the normal ones, n

Fig. 6. DNA Methylation of Placental LN-a5. CpG sites of LN-a5 were included in the bisulfite genomic
P>0.05.

=6’

LN-a5 has been shown to be critical for vasculature remodeling and angiogenesis, which
illustrates the important role of this receptor in modulating cell function [31]. It is expressed
inembryonicdevelopment[10, 32,33]; therefore, we speculated that LN-a5 mightbe involved
in the regulation of trophoblast cell function during placentation. The aim of this study is to
In the present study, our results indicating that trophoblast cell proliferation, apoptosis,
invasion are associated with LN-a5 down-regulation in PE, the result was similar with some
researches that LN-a5 was regulating an important aspect of trophoblast’s morphogenesis

investigate the regulatory effects of LN-a5 on the biological functions of trophoblast cells.
and function, including migration, invasion, proliferation and apoptosis [10].
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LN-a5 receptor signaling has been shown to regulate endothelial cell migration and
proliferation via the PI3K pathway [13], which has been shown important in differentiation
and invasion of trophoblast cells [34, 35]. Therefore, to explore the mechanism by which
LN- o5 regulates trophoblast cell function, we then assessed the effect of LN-a5 expression
on PI3K/Akt signaling in HTR8/SVneo cells. Along with our hypothesis, the result indicating
that LN- a5 might regulate trophoblast cell function through the PI3K/AKT/mTOR signaling
pathway, and the present study provides additional evidence supporting the activation of
PI3K signaling in PE, this results were similar with some other studies that LN-a5 could
enhance the invasiveness though the PI3k activation [13].

DNA methylation is a covalent modification applied to post-replicative DNA through the
addition of a methyl group to the cytosine ring to form methyl cytosine, usually in the context
of CpG dinucleotides. Discrete CpG rich regions, approximately 1 kb in size, are known as
CpG islands and occur in over half of vertebrate genes [36]. DNA methylation is essential
for normal development of extraembryonic tissues, particularly the invasive behavior of
trophoblastcells [37]. The placentais unique in thatitis hypomethylated compared to somatic
tissues [38], and some genes such as DNA methyltransferase 3A, DNA methyltransferase 1,
and the human anti-angiogenic molecule sFlt-1 are hypomethylated in the placenta [39-41].
This suggests that there are global changes in DNA methylation in the placenta throughout
pregnancy, contributing to differential gene expression across gestation. In the present study,
we used BSP to investigate the CpG status of the LN-a5 promoter, but failed to detect any
significant difference in methylation between normal and PE placentas. In another study,
our group also reported that compromised LN-a4 in PE placenta is not associated with
promoter methylation [30]. Taken together, these data strongly suggest that the LN family
gene expression in PE placenta may not regulated by DNA methylation. Nevertheless, further
studies with larger numbers of samples may be required to fully elucidate the mechanisms
underlying expression regulation of LN-a5 in PE.

Conclusion

In summary, our data demonstrated that PE placenta is associated with down-regulation
of LN-a5, and suppression of LN-a5 expression compromises proliferation and invasion
but promotes cell apoptosis in HTR-8/SVneo cells, possibly through the inhibition of the
PI3K/AKT/mTOR signaling pathway. Our findings reveal new insights into the regulatory
mechanisms of trophoblast invasion and contribute to the current understanding of the
pathogenesis of PE.
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