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Abstract

Objective: The deficient placental blood perfusion caused by the attenuated infiltration of tro-
phoblast cells is a key factor in the occurrence of preeclampsia (PE). Furthermore, the long
noncoding (Inc)RNA SNHG 2 (small nucleolar RNA host gene 12) can promote the proliferation
and metastasis of multiple tumor cells. However, whether IncRNA SNHG 2 affects proliferation
and metastasis of trophoblast cells is unclear.

Methods: We examined the level of IncRNA SNHG2 in plasma and placenta of patients with PE
and constructed trophoblast cells with overexpressed or knocked down SNHGI2. CCK-8,
wound healing, and Transwell assays were used to detect alterations in proliferation, migration,
and invasion of trophoblast cells. Western blotting was used to detect proteins related to the
epithelial-mesenchymal transition (EMT), and cell cycle assays clarified cell cycle distribution.
Results: LncRNA SNHGI2 promoted the proliferation, migration, and invasion of trophoblast
cells. The expression of matrix metalloproteinase-2 (MMP-2) and MMP-9, B-catenin, and vimentin
were positively correlated with SNHG2, and expression of E-cadherin was negatively correlated
with SNHG12. SNHG 2 also promoted the transition of trophoblast cells from Go/G, to S phase.
Conclusion: Overall, IncRNA SNHGI2 promoted the migration and invasion of trophoblast
cells by inducing the progression of EMT.
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Introduction

Preeclampsia (PE) is a common disease
of pregnant women and a critical cause of
death in women the perinatal period.' The
primary symptoms of PE include increasing
levels of wurinary protein and hyperten-
sion.>® If proper and effective treatment
is not provided, severe symptoms such as
kidney failure and hemolytic anemia
ensue. Furthermore, infiltration of tropho-
blast cells into the muscle layer of uterine
wall is an essential step in the normal devel-
opment of placenta.* The occurrence of PE
is related to impaired invasion of tropho-
blast cells. Under normal physiological con-
ditions, trophoblast cells invade the spiral
artery in muscular layer of the uterine
wall, resulting in remodeling of the spiral
artery. In PE, invasion of trophoblast cells
is weakened, which interferes with the pro-
cess of remodeling, resulting in insufficient
blood supply in the placenta.” Therefore,
impaired invasion of trophoblast cells is
considered the mechanism underlying vari-
ous placenta-related diseases.®

Long noncoding RNA (IncRNA) is a
type of RNA molecule with a length >200
nucleotides.” As a multifunctional tran-
script, IncRNAs play regulatory roles
in many activities of the body. Research
has revealed that the IncRNA SNHGI12
(small nucleolar RNA host gene 12) can
promote tumorigenesis of prostate cancer
by sponging miR-133b.® Furthermore,
SNHGI12 can enhance the proliferation
and invasion of colorectal cancer by
adsorbing microRNAs.” In addition, some

studies have revealed that SNHGI12 leads
to a poor prognosis in patients with gastric
carcinoma and renal cancer.'®!'! Moreover,
inhibition of SNHGI12 can suppress the
proliferation, migration, and invasion of
non-small-cell lung cancer, nasopharynx
cancer, and cervical cells.!> ' However,
whether SNHG12 can enhance the prolifer-
ation and infiltration of trophoblast cells
remains unclear. A previous study showed
that IncRNA SNHGS5, which is in the same
family as SNHG12, was downregulated in
PE placenta tissues and promoted the prolif-
eration, migration, and invasion of tropho-
blast cells by targeting miR-26a-5p."> All of
this evidence indicates that SNHG12 might
promote the proliferation, migration, and
invasion of trophoblast cells.

In this study, we collected clinical samples
to verify the expression of SNHGI2 in pla-
cental tissues of PE patients. Then we con-
structed stable trophoblast cell lines with
overexpression or knockdown of SNHGI12
to detect changes in proliferation, migration,
and invasion. Finally, we detected epithelial-
mesenchymal  transition (EMT)-related
proteins to further clarify the molecular
mechanism in patients with PE.

Materials and methods

Cell culture

The HTR-8/SVneo human trophoblast
cell line was obtained from the Shanghai
Institutes for Biological Sciences
(Shanghai, China). The cells were cultured
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in RPMI 1640 medium containing 10%
fetal bovine serum (FBS; Gibco/Thermo
Fisher Scientific, Waltham, MA, USA)
and placed in a humid atmosphere with
5% CO, at 37°C.

Collection of patient samples

Samples of placental tissue and plasma were
collected from healthy individuals (10 sam-
ples) and patients with PE (10 samples).
This research was authorized by the ethics
committee of The Affiliated Huaian No. 1
People’s Hospital of Nanjing Medical
University. All patients and healthy volun-
teers consented to publication of this paper.

Cell transfection

Small interfering RNA (siRNA) for
IncRNA SNHGI12 was purchased from
GenePharma (Shanghai, China). The
sequence of si-SNHGI12 was as follows:
sense 5-GCAGUGUGCUACUGAACUU
TT-3' and antisense 5-AAGUUCAGUAG
CACACUGCTT-3. In addition, to estab-
lish HTR-8/SVneo cells that stably overex-
pressed SNHG12, we constructed lentiviral
vectors and transfected the cells. The lenti-
viral particles were purchased from
Genechem Shanghai (Shanghai, China).
All procedure during the experiment were
carried out according to the manufacturer’s
instructions. Then, real-time quantitative
PCR was performed to determine the effi-
cacy of transfection.

CCK-8 assays

The cells of different groups were seeded
into three 96-well plates. After the cells
adhered to the bottom of the plates, absor-
bance values of the first 96-well plate were
detected by using cell counting kit-8 (CCK-
8; Dojindo, Japan) methods at 24 hours.
The other two plates were detected at 48
and 72 hours, respectively.

Wound healing assays

The cells were planted into 6-well plates.
After the cells adhered to the bottom of
the plates, they were cultured in medium
without FBS. Then, the cell layer was
scratched using the tip of a 200-uL pipette.
The width of the blank area (where cells
were scratched off) was photographed and
measured after 12, 24, and 48 hours.

Transwell assays

Transwell assays were performed using an
8-um Boyden chamber (Corning Inc.,
Corning, NY, USA) to detect changes in
cell invasion. The Matrigel was diluted
with medium without FBS and then layered
onto the upper surface of the chamber.
Medium containing FBS was added to the
lower chamber. After 24 hours, cells on
the opposite of the bottom membrane
were stained with crystal violet (Sigma
Chemical Co., St. Louis, MO, USA).
Finally, the stained cells were photographed
and counted under a microscope.

Cell cycle

Propidium iodide (Beyotime, Beijing,
China) staining was used to detect the cell
cycle distribution of the cells. The cells were
collected into centrifuge tubes and fixed
with 70% ice ethanol for 4 hours at 4°C.
Then, cells were washed with PBS three
times, and incubated with RNase A and
propidium iodide at 37°C for 30 min. This
process took place completely in the dark.
Finally, the cell cycle was analyzed by flow
cytometry.

RT-PCR

The Trizol method (Thermo Fisher Scientific,
Waltham, MA, USA) was used to extract
total mRNA of the cells. Procedures were
conducted in accordance with the manufac-
turer’s instructions. The level of IncRNA
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SNHGI12 was detected by SYBR-Green
real-time  quantitative PCR  (qPCR;
Applied Biosystems, Foster City, CA,
USA), and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as the
loading control. The primers of SNHG12
and GAPDH were as follows: SNHGI12
forward primer: 5-TCTGGTGATCGAG
GACTTCC-3' reverse primer: 5-ACCTC
CTCAGTATCACACACT-3; GAPDH
forward primer: 5-AGAAGGCTGGGG
CTCATTTG-3' reverse primer: 5-AGG
GGCCATCCACAGTCTTC-3'.  Finally,
the 2722°T method was used to determine
the levels of SNHGI2. The Applied
Biosystem 7500 real-time PCR system was
used to conduct real-time (RT)-PCR.

Western blotting

The immunoblotting assay was used to
extract the proteins, and the concentration
of total proteins was measured by the bicin-
choninic acid (Beyotime) method. Then,
equal amounts of proteins were loaded
onto a 10% SDS-PAGE gel (Beyotime).
Total proteins were separated and trans-
ferred to a polyvinylidene fluoride (PVDF)
membrane (Thermo Fisher Scientific). The
membrane was blocked with 5% skim milk
(BD Company, Franklin Lakes, NJ, USA),
which was dissolved in PBS-Tween (PBST).
The membrane was then incubated with
primary antibodies (all from Cell Signaling
Technology, Danvers, MA, USA): CDK-2
(#2546S), cyclin D1 (#55506), P21
(#2947S), MMP-2 (#40994S), MMP-9
(#13667), E-cadherin (#3195S), vimentin
(#5741S) and PB-catenin (#8480S). The
membrane was washed with PBST three
times on the second day. The membrane
was then incubated with the secondary anti-
body (rabbit IgG, #3423, Cell Signaling
Technology) for 2 hours at room tempera-
ture, washed with PBST three times, and
exposed in the machine.

Statistical analysis

The statistical analysis of this paper was
performed using GraphPad Prism 7.0
(GraphPad Software, La Jolla, CA, USA).
All the data were presented as means+
standard  deviations.  Student’s  r-test
method was used to judge the differences
between different groups. P < 0.05 was con-
sidered statistically significant. All experi-
ments were repeated three times.

Results

Higher levels of SNHGI2 enhanced
proliferation, migration, and invasion

of trophoblasts

The levels of SNHGI12 in placenta and
plasma of PE patients was detected by
gPCR. As shown in Figure 1A, the expres-
sion of SNHGI12 was decreased in placenta
and plasma of PE patients. To verify the
efficacy of SNHGI12 on the proliferation,
migration, and invasion of trophoblast
cells, lentivirus was used to establish
HTR-8/SVneo cells in which SNHGI2
was overexpressed. Then, qPCR was used
to confirm the efficacy of transfection. The
level of SNHGI2 in the overexpression
group was higher than that in the negative
control group (Figure 1B). Then, the CCK-
8 assay was performed to detect changes
in cell proliferation. According to the
results (Figure 1C), proliferation of the
overexpression group of cells was strength-
ened compared with the negative control
group at 48 and 72 hours. We assessed
the migration and invasion abilities of
these cells using the wound healing and
Transwell assays, respectively. The results
(Figure 1D and Figure 1E) showed that
overexpression of SNHGI2 enhanced
the migration and invasion of HTR-8/
SVneo cells. Furthermore, the migration-
and invasion-related proteins MMP-2
and MMP-9 were upregulated after
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Figure |. Overexpression of IncRNA SNHGI2 enhanced the proliferation, migration, and invasion of
HTR-8/SVneo cells. (A) IncRNA SNHG 12 was downregulated in the plasma and placenta of patients with PE.
(B) The levels of IncRNA SNHGI2 in the control (normal cells), NC (transfected with vector), and over-
expression group (OE) were validated by the qPCR. (C) Viability of cells was detected with the CCK-

8 method at 24, 48, and 72 hours after the seeding of these cells and measured as optical density (OD) at
450 nm. (D) The images of the scratch were taken at 72 hours. (E) Representative photos of the cells on the
bottom of the chamber were taken after 72 hours. (F) Expression of MMP-2 and MMP-9 was detected by
western blotting. *P < 0.05, **P < 0.01, ***P < 0.001. IncRNA, long noncoding RNA; SNHGI2, small
nucleolar RNA host gene 2; qPCR, real-time quantitative PCR; PE, preeclampsia; CCK-8, cell counting kit-8;

MMP, matrix metalloproteinase.

overexpression of SNHGI12 (Figure 1F).
Based on these results, we confirmed that
overexpression of SNHG12 promoted the
proliferation, migration, and invasion of
trophoblast cells.

Knockdown of SNHGI 2 suppressed
proliferation, migration, and invasion
of trophoblasts

After demonstrating the efficacy of
SNHGI12 overexpression, we designed
short interfering (si)RNA to knockdown
SNHGI12 and observe subsequent changes
in proliferation, migration, and invasion.

We validated the effect of siRNA using
gPCR (Figure 2A) and assessed prolifera-
tion of these cells by CCK-8 assay. The
results (Figure 2B) showed that knockdown
of SNHG12 inhibited the proliferation of
HTR-8/SVneo cells at 48 and 72 hours
after cells adhered. Next, we determined
the effect of knockdown of SNHGI12 on
the migration and invasion of HTR-§/
SVneo cells. As shown in Figure 2C and
2D, the migration and invasion of these
cells was repressed after the knockdown.
In addition, the levels of MMP-2 and
MMP-9 declined after knockdown of



Journal of International Medical Research

A o
(<]
2
Z1s
H
E 10
5
§
E 0.5
H
:
0.0
g :
=
C Control si-NC si-SNHG12

SHNHG12

‘ ]

m

-=- Control
-&: si-NC
-4+ shSNHG12

0D values at 450 nm
=

24h 48h Tzh
g 1.5
£
l?m E
EO.E
2 MMP-2  S— — —
Foo & e MMP-9 G —
3 &
s & GAPDH e  — d—
> W
1.5 & o
g Qf & ‘}ggz«
2
Sos
2
S
%00 o P
© i
& & ,r*s’

Figure 2. Knockdown of IncRNA SNHGI2 suppressed the proliferation, migration, and invasion of HTR-8/
SVneo cells. (A) The level of IncRNA SNHG12 was validated by qPCR in the knockdown group. (B) Viability of
cells was detected with the CCK-8 method at 24, 48, and 72 hours and measured as optical density (OD) at
450 nm. (C) Representative photographs were taken at 72 hours after the scratching. (D) The images of the
Transwell assay were taken at 72 hours after the seeding of these cells. (€) Levels of MMP-2 and MMP-9 were
detected by western blotting. *P < 0.05, *P < 0.01, **P < 0.001. IncRNA, long noncoding RNA; SNHG12,

small nucleolar RNA host gene 2; si, short interfering; control, normal cells; NC, negative control, transfected
with vector; qPCR, real-time quantitative PCR; CCK-8, cell counting kit-8; MMP, matrix metalloproteinase.

SNHG12 (Figure 2E). These results
revealed that the knockdown of SNHGI12
suppressed the proliferation, migration, and
invasion of trophoblast cells.

SNHG 2 promoted the development
of EMT

According to our results, we found that
SNHGI12 enhanced the proliferation, migra-
tion, and invasion of trophoblast cells. Given
that EMT is associated with changes in pro-
liferation, migration, and invasion of these
cells, we detected levels of the EMT-related
proteins E-cadherin, B-catenin, and vimentin.
The level of E-cadherin, a marker protein of
epithelial cells, was downregulated after

overexpression of SNHGI2. However,
expression of f-catenin and vimentin,
marker proteins of mesenchymal cells, was
enhanced (Figure 3A). Further, the variation
trend of these proteins was opposite when
SNHG12 was knocked down in HTR-8/
SVneo cells (Figure 3B). Therefore, these
results confirmed that SNHG12 could facili-
tate the EMT.

SNHG 2 induced the transition from

G, to S phase

Results from the CCK-8 assays revealed
that SNHGI12 could enhance the prolifera-

tion of HTR-8/SVneo cells. Therefore, we
performed cell cycle assays to clarify
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Figure 3. The IncRNA SNHGI2 promoted the development of EMT to strengthen the migration and

invasion of HTR-8/SVneo cells. (A) Expression of EMT-related proteins (E-cadherin, fi-catenin, and vimentin)
was detected by western blotting after the overexpression of INcRNA SNHGI2. (B) Levels of E-cadherin,
f-catenin, and vimentin were detected by western blotting after knockdown of IncRNA SNHG12. *P < 0.05,
P <0.01, ¥P < 0.001. IncRNA, long noncoding RNA; SNHG12, small nucleolar RNA host gene 2; EMT,

epithelial-mesenchymal transition.

changes in cell cycle distribution after over-
expression or knockdown of SNHGI2.
According to the results (Figure 4A), the
proportion of HTR-8/SVneo cells in S
phase increased after overexpression of
SNHGI12, and the ratios of cells in Go/G;
phase declined. In contrast, after knock-
down of SNHGI2, cells in S phase
decreased and cells in Gy/G; phase
increased significantly. Next, western blot-
ting was performed to detect the cell cycle—
related proteins P21, cyclinD1, and CDK-2.
As shown in Figure 4B, the expression of
CDK-2 and cyclinD1 increased after over-
expression of SNHG12, whereas the level of
P21 decreased compared with that of the
negative control group. In contrast, after
knockdown of SNHGI12, levels of CDK-2
and cyclinD1 decreased compared with the
negative control group and expression of
P21 was also repressed. Overall, these
results indicated that SNHGI12 could
enable trophoblast cells to avoid Gy/G;
phase arrest and accelerate the rate of
proliferation.

Discussion

PE is the main reason for infant death, fetal
body dysplasia, and damage of different

maternal organs.'®'® In a general sense,
the development of PE is associated with
pregnancy-induced hypertension and renal
failure.'” Therefore, it is important to clar-
ify the specific molecular mechanism under-
lying the occurrence of PE and identify the
molecules that regulate the development of
PE. Many factors are thought to be associ-
ated with the pathogenesis of PE.
Trophoblast cells invade the uterine spiral
artery and regulate the remodeling of the
spiral artery, which leads to a decrease in
peripheral vascular pressure.* Remodeling
of the uterine spiral artery, as regulated by
trophoblast cells, allows abundant maternal
blood flow in the placenta, providing
nutrients for the growth of the fetus.?
However, insufficient invasion of tropho-
blast cells can lead to disrupted uterine
spiral artery remodeling and ultimately
result in PE.’

Small nucleolar RNA host gene 12
(SNHG12) is a IncRNA. Research has
shown that the level of IncRNA SNHGI12
was increased in colorectal cancer cells and
could promote the proliferation and inva-
sion of these cells by targeting miR-16.°
Moreover, a study also reported that
SNHGI12 could enhance the migration and
proliferation of glioma cells, and a higher
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Figure 4. LncRNA SNHG12 induced the HTR-8/SVneo cells transition from Go/G, phase to S phase, thereby
avoiding Go/G, arrest. (A) The proportion of cells in S phase was increased after overexpression (OE) of
IncRNA SNHG 2. (B) The knockdown (si-SNHG12) of IncRNA SNHG 12 induced the Gy/G, arrest of HTR-8/
SVneo cells. (C) Expression of CDK-2, cyclin DI, and P2l was detected by western blotting after the over-
expression (OE) or knockdown (si-) of IncRNA SNHGI2. *P < 0.05, *P < 0.01, **P < 0.001. IncRNA, long
noncoding RNA; SNHGI2, small nucleolar RNA host gene 2; si-SNHG1 2, short interfering SNHGI 2.

level of SNHG12 was associated with a
decrease in the 5-year survival rate.’! In
addition to the enhanced efficacy of prolif-
eration, migration, and invasion of cancer
cells, SMHGI12 could also induce drug
resistance in osteosarcoma.”? Our results
showed that overexpression of SNHGI2
could enhance the proliferation, migration,
and invasion of trophoblast cells, whereas
knockdown of SNHG12 could inhibit these
indicators of trophoblast cells. These results
are similar to the findings in cancer cells,
but the enhancement of trophoblast cell
migration and invasion is beneficial to the
development of embryo.

EMT is a process that enables epithelial
cells to acquire the characteristics of mesen-
chymal cells, which ultimately leads to
enhanced migration and invasion. A study

pointed out that SNHGI12 promoted the
metastasis of nasopharyngeal carcinoma
cells by facilitating the development of
EMT." In our study, we found enhanced
migration and invasion. We detected the
levels of E-cadherin, B-catenin, and vimentin
in trophoblast cells that overexpressed or
knocked down SNHGI12. Expression of
E-cadherin was negatively correlated with
levels of SNHG12, whereas expression of
vimentin and B-catenin was positively corre-
lated with levels of SNHGI12. These results
implied that IncNA SNHGI12 could promote
migration and invasion by inducing the
occurrence and development of EMT.

In this research, SNHGI12 not only
enhanced the metastasis of trophoblast
cells, but also significantly accelerated pro-
liferative capacity. Some studies have
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revealed that IncRNA can promote the pro-
liferation of carcinoma cells by avoiding cell
cycle arrest.”>?*  Furthermore, SNHGS5,
which is homologous gene to SNHGI12,
could induce a smooth transition of osteo-
sarcoma cells from G, phase to S phase,
which accelerates proliferation of these
cells.> Similarly, in our study, knockdown
of SNHGI12 led to Gy/G; arrest, thereby
inhibiting the proliferation of trophoblast
cells. However, after overexpression of
SNHGI12, cells in Gy/G; phase were
decreased and cell proliferation was pro-
moted. Furthermore, cyclin D1 and CDK-
2 could induce transition of cells from G,
phase to S phase, thus avoiding Gy/G;
arrest.”® However, the expression of cell
cycle-dependent kinase inhibitor P21 could
induce G, arrest and affect the proliferation
of cells.?” In this research, the expression of
CDK-2 and Cyclin D1 was positively cor-
related with SNHG12, whereas the level of
P21 was negatively related with SNGHI12.
Thus, we can conclude that SNHGI12 can
prevent Go/G arrest in these cells, facilitat-
ing proliferation of trophoblast cells.

In summary, we revealed the effect of
SNHGI12 on the proliferation, migration,
and invasion of trophoblast cells.
SNHGI12 was downregulated in plasma
and placenta of PE patients. In addition,
SNHGI12 could enhance the proliferation
and metastasis of trophoblast cells by
inducing the transition from G, phase to S
phase and the occurrence of EMT, respec-
tively. Therefore, we showed that SNHG12
could be used as a marker in the treatment
of PE, which is caused by weaker infiltra-
tion of trophoblast cells. Furthermore, this
research provides a new strategy for the
clinical treatment of PE.
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