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Downregulated placental expression of linc00468 contributes 
to trophoblast dysfunction by inducing epithelial-mesenchymal 
transition 
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Background: Preeclampsia (PE) is a widespread progressive condition that can occur pregnancy and is 
related to high maternal morbidity and fetal mortality in the perinatal period. However, the exact mechanism 
responsible has not been specific. Accumulating evidence has highlighted the prominent role of the 
epithelial‐mesenchymal transition (EMT) in the biological behaviors of PE.
Methods: We explored the role of a lincRNA in extravillous trophoblast (EVTs) cell viability, migration, 
invasion and apoptosis in vitro, along with the use of linc00468 knockdown or overexpression. Clinically, we 
discovered that the expression of linc00468 was frequently correlated with adverse clinical features and poor 
prognosis of PE patients. 
Results: We uncovered that linc00468 was downregulated in PE samples compared to in healthy tissues 
and in trophoblast cells. Functionally, gain and loss-of-function experiments demonstrated that linc00468 
inhibited cell proliferation, migration, invasion and linc00468 accelerated apoptosis of the trophoblast 
phenotype in cell lines. Moreover, we demonstrated that downregulation of linc00468 promoted the 
expression of E-cadherin and β-catenin but reduced the expression of N-cadherin, Vimentin and Snail, 
resulting in progression of EMT. 
Conclusions: In conclusion, linc00468 promoted EMT and a consequent increase in invasiveness in 
HTR-8/Svneo and JAR EVT cell lines. Our study provides the first evidence that linc00468 has a pivotal 
role in cell invasion and promotes intrinsic and extrinsic EMT ability of PE.
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Introduction

PE is the most common idiopathic disorder with high 
prevalence, leading to approximately 60,000 worldwide 
pregnancy-related deaths worldwide each year (1). Because 

of the specific pathological changes in PE, it contributes 

to small systemic vasospasm, endothelial injury and 

ischemia, further causing adverse organ failure. Meanwhile, 

unfavorable pregnancy outcomes may occur, including 
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Table 1 Demographic characteristics of the patients with and without preeclampsia (PE)

Parameter PE group (N=46) Healthy group (N=46) P value

Maternal age (years) 30.43±4.893 30.63±4.0128 >0.05

Gestational week (wk) 37.372±2.925 39.285±0.998 >0.05

Maternal BMI (kg/m²) 30.245±3.566 27.503±2.647 <0.01

Systolic blood pressure (mmHg) 153.717±10.94 117.217±8.482 <0.01

Diastolic blood pressure (mmHg) 98.326±8.74 72.283±8.712 <0.01

Parity 2.043±1.021 1.978±0.921 >0.05

Urine protein (g/24 hours) >0.3 <0.3 <0.05

Birthweight (g) 2,834.761±788.03 3,423.913±403.617 <0.01

Baby’s sex (%)

Male 54.35 47.82 >0.05

Female 45.65 52.17 >0.05

postpartum hemorrhage and disseminated intravascular 
coagulation (DIC), premature birth, fetal growth restriction 
and placental abruption (2,3). To date, there is a lack of 
effective clinical treatments are lacking and delivery is the 
only solution to halt progression (4). 

PE mainly originates from the placenta. Pathological 
studies have reported that the pathogenesis of PE is due to 
the failure of uterine spiral artery remodeling and is closely 
related to the function of trophoblasts. Aberrant extravillous 
trophoblast (EVTs) phenotypes, such as abnormal 
trophoblast apoptosis (5), impaired EVT proliferation (6), 
and reduced EVT migration and invasion ability (7), which 
can increase blood flow resistance and cause hypoperfusion 
in this process, further impair the balance of the maternal-
fetal interface (8). The trophoblastic cell columns are 
formed by this physiological conversion, which is called the 
epithelial-mesenchymal transition (EMT) (9). In placental 
development, patients with PE are characterized by the high 
expression of the epithelium, like E-cadherin and β-catenin 
and low expression of the mesenchyme, like N-cadherin, 
Vimentin, Snail, which facilitate the progression of 
extensive proliferation, migration and invasion into the 
maternal decidua and vessels (9,10). 

Based on the advancements in genome-wide analysis of 
gene expression, non-coding RNA, especially long non-
coding RNAs (lncRNAs), have emerged as new emerging 
players demonstrating latent roles in various human 
diseases (11,12), including PE (13-15). For example, the 
dysregulation of the lncRNA HIF1A antisense RNA 2 

may participate in the function of trophoblast cell invasion 
and cell-cycle progression through binding to LSD1 to 
downregulate PHLDA1 expression (16). Recently, growing 
number of studies have revealed that lncRNAs regulate the 
EMT in PE, although the mechanism is still unknown. In 
our previous study, we investigated how resveratrol (RE) 
can affect the invasive ability of maternal trophoblasts by 
activating the EMT progress and may induce the Wnt/
β-catenin signaling pathway in a PE mouse model (17).  
Therefore, in-depth exploration of the molecular 
mechanisms of lncRNAs may hold the potential for clinical 
strategies for treating PE (18). However, it is not yet fully 
understood how a dysregulated EMT causes PE.

In this study, we uncovered a novel linc00468 (19), which 
is markedly downregulated in most PE placental samples 
compared to normal placental samples. Our results showed 
that linc00468 could promote trophoblast phenotypic 
changes by inducing the EMT in EVTs. These results 
impelled us to identify the underlying signaling pathways 
that mediate this effect in PE.

Methods

Tissue collection and ethics statement

We obtained PE placental and normotensive placental 
tissues from 46 patients who underwent cesarean deliveries 
at the Jiangsu Women and Children Health Hospital 
between 2018 and 2019 (Nanjing, Jiangsu, China). We 
initially used sterile phosphate-buffered saline to wash 



Annals of Translational Medicine, Vol 8, No 6 March 2020 Page 3 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):333 | http://dx.doi.org/10.21037/atm.2020.02.166

all collected placental samples to remove any blood, and 
then quickly the samples stored in liquid nitrogen until we 
could extract protein and RNA. All procedures performed 
in this research were conducted in compliance with the 
principles of the Declaration of Helsinki. Risks and changes 
in the clinicopathological characteristics of all PE patients 
are recorded and presented in Table 1. The use of human 
placental samples was approved with written informed 
consent from the patients and authorized by the Ethics 
Committee of The First Affiliated Hospital of Nanjing 
Medical University.

Cell culture and transfection assay

HTR-8/SVneo, the human first-trimester EVT cell 
line, was generously provided by Dr. Charles Graham, 
Queen’s University, Canada and was cultured in DMEM 
(KEYGEN, Nanjing, China) medium supplemented with 
10% fetal bovine serum, and 100 U/mL penicillin. The 
JAR, Jeg3, and BeWo cell lines were purchased from 
the Type Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China) and cultured according to the 
manufacturer’s instruction. JAR cells were cultured in 
DMEM (KEYGEN, Nanjing, China). JEG3 cells were 
also cultured in DMEM (KEYGEN, Nanjing, China) 
and BeWo cells were cultured in DMEM/F12K medium. 
All cell lines were grown under standard humidified air 
conditions at 37 ℃ with 5% CO2.

Cell transfection

Three individual small interfering RNAs (siRNA)- si-
linc00468-#1, si-linc00468-#2 and si-linc00468-#3, and 
a negative control siRNA (si-NC) were acquired from 
Invitrogen. The SiRNA sequences were si-lin c00468 #1 
(5'-UCAAGGACUUCAUUGGUGCAGCUGA-3'), si-
linc00468 #2 (5'-AAAUCACGAACACCGAAAGAAG
CCA-3'), si-linc00468 #3 (5'-UCAGCUGCACCAAUG
AAGUCCUUGA-3'). Full-length cDNA of linc00468 
(903 bp, NR_037593.1) was synthesized and cloned into 
the pcDNA3.1(+) mammalian expression plasmid vector 
(Invitrogen, USA). When the trophoblast cells reached 50% 
confluence, transfection was conducted with Lipofectamine 
3000 transfection reagents (Life Technologies, Invitrogen, 
USA) according to the manufacturer’s instructions. Cells 
were harvested for subsequent assays at 48 hours post-
transfection. 

Quantitative real-time PCR (qRT-PCR) 

We used Trizol reagent to isolate total RNA from cells. 
The RNA samples were reliably amplified and labeled to 
generate cDNA with Primer Script RT Master Mix (Takara, 
China) based on the provided directions in ABI prism 7500 
system. PowerUp™ SYBR™ Green Master Mix (Applied 
Biosystems™, Invitrogen) was used for qRT-PCR following 
the manufacture’s protocol. GAPDH served as loading 
control and fold changes of each gene were calculated using 
the 2−ΔΔCt method (cycle threshold). The primers used were 
as follows: GAPDH (F:GAAGGTGAAGGTCGGAGTC, 
R : G A A G A T G G T G A T G G G A T T T C ) ; 
L i n c 0 0 4 6 8  ( F : C A A AT C G TA G C C A G A C C C G A , 
R : G C G A A G G A A G C A T T T C G A G C ) ; 
E-cadher in  (F :TCCCATCAGCTGCCCAGAAA, 
R :TGACTCCTGTGTTCCTGTTA) ;  β - ca ten in 
( F : C T C A G G A C A A G G A A G C T G C A G A A G C , 
R : C A A G G C A T C C T G G C C A T A T C C A ) 
N-cadherin (F:CCCTGCTTCAGGCGTCTGTA, 
R : T G C T T G C A T A A T G C G A T T T C A C C ) ; 
Vi m e n t i n  ( F : T C TA C G A G G A G G A G AT G C G G , 
R : G G T C A A G A C G T G C C A G A G A C ) ; 
S n a i l  ( F : G A C C A C T AT G C C G C G C T C T T, 
R:TCGCTGTAGTTAGGC TTCCGATT). Each sample 
was tested in triplicate. 

Cell proliferation assays  

A cell counting kit-8 (CCK-8, MCE, USA) was used to 
assess cell viability. Ten microliters of the CCK-8 solution 
were added to each well of the plate after incubation for 
0, 24, 48, 72, or 96 h. The data were obtained using a 
microplate reader and plotted against time to achieve 
growth curves. For colony formation experiments, cells 
were cultured for about 1 week until macroscopic colonies 
appeared. The colonies were then fixed with methanol 
and stained with crystal violet (Sigma, China) for 30 min 
separately.

For the 5-ethynyl-2'-deoxyuridine (EdU) experiment, 
cells were incubated with 50 mM Edu labelling medium 
(Ribobio, Guangzhou, China) for 2 h at 37 ℃, 5% CO2 

and then fixed in 4% paraformaldehyde for 30 min at room 
temperature. Then, cells were permeabilized with 0.5% 
Triton X-100. Finally, we used DAPI to localize the nucleus 
of cells. Proliferating cells were detected with a fluorescence 
microscope. 
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The Transwell migration and invasion assay

The cell invasion and migration assays were conducted using 
a Transwell chamber (8-μm pore size, Millipore, Billerica, 
MA, USA). Briefly, 5×104 cells were seeded in the upper 
chamber in serum-free medium and RPMI1640 medium 
containing 10% FBS was added to the lower chamber. After 
incubating for 24–48 h, the migrated or invading cells were 
fixed with paraformaldehyde 0.1% crystal violet. Next, 
cells that penetrated the membrane were observed under 
a light microscope and the number of cells from five fields 
was analyzed at random. All experiments were repeated in 
triplicate.

Flow cytometric analysis 

Cells were cultured for 24 h at a density of 3×105 cells in 
a 6-well plate. HTR-8/SVneo and JAR cells transfected 
with si-linc00468 #2 or #3 or pcDNA3.1-linc00468 were 
harvested 48 h post-transfection by trypsinization. Then, 
double staining with fluorescein isothiocyanate (FITC)-
Annexin V and propidium iodide (PI) was performed 
using the FITC Annexin V Apoptosis Detection Kit 
(BD Biosciences, Franklin Lakes, NJ, USA) according to 
the manufacturer’s recommendations. The results were 
analyzed via flow cytometry (FACScan; BD Biosciences) 
to determine the extent of apoptosis. For the cell-cycle 
experiment, cells were stained with PI (KGA214, Nanjing, 
China), and detected using a FACScan flow cytometer (BD 
Biosciences) to categorize and compare the percentages 
of cells in the G0–G1, S, and G2–M phases, followed by 
flow cytometric analysis. The tests were repeated in three 
independent experiments and are presented as the mean ± 
standard deviation (SD).

Western blot analysis

Total protein was lysed in pre-chilled RIPA protein extraction 
reagent and quantified using a bicinchoninic acid (BCA) 
protein assay kit (Beyotime Biotechnology, Shanghai, China). 
Protein was separated by SDS-PAGE and then transferred 
to 0.22-μm polyvinylidene difluoride PVDF membranes 
(Millipore, USA). Subsequently, the PVDF membranes 
were blocked with 5% non-fat milk in TBST buffer for  
1.5 h at room temperature and then incubated with primary 
antibodies (E-cadherin, N-cadherin, Vimentin, Proteintech) 
and anti-GAPDH antibody (Santa Cruz, CA, USA) overnight 
at 4 ℃. After washing, the secondary antibody, horseradish 

peroxidase-conjugated goat anti-mouse or goat anti-rabbit 
IgG (Proteintech) was added and incubation took place for 
2 h. Enhanced chemiluminescence (Thermo) was used to 
detect densitometry by using the Quantity One software 
(Bio-Rad). GAPDH was used as an internal control. All of 
the experiments were conducted in triplicate.

Fluorescence in situ hybridization (FISH)

FISH was performed to detect the location of lincRNA. 
HTR-8/SVneo cells (6×104) were seeded in a 24-well 
plate and fixed in 4% paraformaldehyde for 30 min. Probe 
detection and DNA staining were conducted using the 
RiboTM Fluorescence in Situ Hybridization Kit, according 
to the manufacturer’s instructions. A red fluorescent probe 
was used to identify linc00468 and 4, 6-diamidino-2-phenyl-
indole (DAPI) was used to label nuclei. The sequence of the 
RNA-FISH probe for linc00468 is 5’-AGCCCACCAGCC
CTCCGCACCGTGGGCGAC-3’.

Immunofluorescence staining 

HTR-8/SVneo cells were fixed in 4% paraformaldehyde 
for 5 min and permeated in 0.3% Triton X for 5 min. 
After washing by PBS, cells were incubated with 2% BSA 
at room temperature for 1 h. Following this, cells were 
incubated overnight with primary antibodies (E-cadherin, 
1:50 dilution, Mouse mAB, 4A2, CST; N-cadherin, 1:200 
dilution, Rabbit mAb, D4R1H, CST; Vimentin, 1:500 
dilution, Rabbit mAb, D21H3, CST). Following the 
addition of secondary antibody, cells were incubated with 
DAPI for 5 min. An inverted fluorescence microscope was 
used to record images.

Statistical analysis

Data were obtained from three independent experiments. 
GraphPad Prism (version 7.0, La Jolla, CA, USA) software 
was used for statistical analysis. All measurement data are 
expressed as mean ± SD. Significant differences between 
two groups were analyzed using a paired t-test and were 
defined as follows: *, P<0.05; **, P<0.01; and ***, P<0.001.

Results

Expression of Linc00468 is downregulated in PE placentas

The expression levels of linc00468 were detected in 46 pairs 
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Figure 1 The expression of linc00468 in human PE placental tissues. (A) The expression of linc00468 in 46 pairs of PE tissues and normal 
tissues from patients, using qRT-PCR and normalized against GAPDH expression; (B) relative expression of linc00468 is presented as the 
fold change in PE placental samples compared with the corresponding normal tissues (n=46); (C) Linc00468 expression in BeWo, JEG-3 and 
JAR cell lines were normalized to a normal trophoblast cell line (HTR-8/SVneo); (D,E) qRT-PCR analysis of linc00468 in HTR-8/SVneo 
cells (D) and JAR cells (E) transfected with control (scrambled), si-linc00468 #1, si-linc00468 #2, and si-linc00468 #3; (F,G) qRT-PCR 
analysis of linc00468 in HTR-8/SVneo cells (F) and JAR cells (G) transfected with empty vector and pcDNA-linc00468. PE, preeclampsia; 
qRT-PCR, quantitative polymerase chain reaction.
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of PE and corresponding normal placental samples by qRT-
PCR. The results revealed that linc00468 expression levels 
were markedly downregulated in PE tissues (Figure 1A,B).  
We a l so  summarized  the  pat ients ’  demographic 
characteristics in Table 1. There were significant differences 
in maternal BMI, systolic blood pressure, diastolic blood 
pressure, urine protein and birthweight between the PE 

and the healthy samples taking statistical analysis into 
consideration (P<0.01, P<0.01, P<0.01, P<0.05 and P<0.01, 
respectively). On the contrary, there was no statistical 
difference between PE placentas and normal placentas 
in maternal age, gestational week, parity and baby’s sex 
(P>0.05). In addition, we discovered that the expression of 
linc00468 was 1.72-fold lower in the PE group compared 
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with the healthy group (Figure 1B).

Knockdown and overexpression of linc00468 in trophoblast 
cell lines

To gain a deeper insight into the molecular function of 
linc00468, we first detected the expression of linc00468 
in several trophoblast cell lines, including HTR-8/
SVneo, BeWo, JEG-3 and JAR. As shown in Figure 1C, 
we found that the relative level of linc00468 in HTR-8/
Svneo and JAR cell lines was respectively higher and lower 
than those in the other two cell lines. Thus, these two 
cell lines were chosen for subsequent exploration. Next, 
we synthesized three different siRNAs to knock down 
linc00468 in trophoblast cell lines. Forty-eight hours after 
the transfection, qRT-PCR results indicated that the use 
of si-linc00468 #2 and #3 was more efficient in silencing 
the expression of linc00468 in these two cell lines than 
si-linc00468 #1 (Figure 1D,E). Furthermore, linc00468 
expression was upregulated by transfecting HTR-8/
Svneo and JAR cell lines with the pcDNA 3.1-linc00468 
expression vector (Figure 1F,G). 

The effects of linc00468 on the proliferation and apoptosis 
of trophoblast cells

The sufficient silencing of linc00468 expression attenuated 
cell viability in HTR-8/Svneo and JAR cells, as measured 
by the cell-counting kit-8 (CCK8), which provides a 
colorimetric format to monitor trophoblast cell proliferation 
(Figure 2A,B). Next, we conducted flow cytometric trials 
to activate caspase proteases and cause mitochondrial 
dysfunction, which further indicated that knockdown of 
linc00468 increased the apoptosis rate (Figure 2C,D,E). 
Results of microscopic ethynyl deoxyuridine (EdU) staing 
(Figure 2F,G) revealed that linc00468 exerted a suppressive 
effect to accelerate cell proliferation. As shown in Figure S1,  
cell viability was inhibited by si-linc00468 #2 and #3 
transfection in the colony formation assay (Figure S1).  
These data taken together illustrate that linc00468 may 
exert an effect on cell proliferation and apoptosis, indicating 
that knockdown of linc00468 plays a key role in the 
development of PE.

The effect of Linc00468 on cell metastasis and invasion in 
vitro

Two cell lines were transfected by si-linc00468 and plasmid 

separately to eliminate the potential role of linc00468 in 
trophoblast cells. Compared to the si-normal control (siNC) 
treatment, down-regulation of linc00468 with siRNA #2, 
and #3 markedly elevated the migration and invasion of the 
cells (Figure 3A,B). By contrast, linc00468-overexpression 
impeded the number of trophoblast cells (Figure 3C,D). Flow 
cytometry analysis showed no significant difference at the 
G1-G0 phase, either in the inhibition or the overexpression 
group (Figure 3E).

Linc00468 promotes PE progression via regulating EMT

Our previous studies showed that linc00468 contributed 
to the invasive and migrant ability of HTR-8/Svneo and 
JAR cell lines. In recent years, the underlying mechanism 
of EMT has been explored through testing the initial 
epithelial state or the terminal mesenchymal state in PE, 
which is affiliated with impaired remodeling. To investigate 
whether linc00468 influenced the expression of EMT 
markers in PE, we first used FISH analysis to detect the 
location of linc00468 in HTR-8/SVneo cells. The results 
showed that linc00468 was located in both the nucleus and 
the cytoplasm (Figure 3F). Furthermore, using qRT-PCR, 
we demonstrated that the PE group induced the expression 
of E-cadherin and β-catenin and reduced the expression 
of N-cadherin, Vimentin, and Snail, compared to the 
healthy group (Figure 4A). Simultaneously, the expression 
of these markers using qRT-PCR in HTR-8/SVneo cells 
with upregulated and downregulated linc00468 showed 
the same results (Figure 4B,C). These data demonstrated 
that linc00468 effected EMT-related proteins in PE tissues 
(Figure 4D). Additionally, Western blot analysis showed that 
the inhibition of linc00468 elevated protein expression of 
the epithelial marker E-cadherin and suppressed protein 
expression of the mesenchymal markers N-cadherin and 
Vimentin, while high levels of linc00468 had the opposite 
effect (Figure 4E,F). Moreover, we examined the same 
EMT-associated indicators by immunofluorescence to 
further confirm whether linc00468 was involved in PE 
progression by inducing the EMT in the HTR-8/Svneo cell 
line, which demonstrated the same phenomenon (Figure 
5A,B,C,D).

Discussion

Although the molecules and signaling pathways by which 
PE develops are yet to be elucidated, great strides have 
been made in PE research. Over recent decades, a myriad 
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Figure 2 Linc00468 regulates proliferation and migration of trophoblast cells in vitro. (A,B) The viability of linc00468 knockdown in HTR-
8/SVneo (A) or overexpression in JAR (B) cell lines was conducted by cell counting Kit-8 (CCK8) assay following transfection for 0 to  
72 hours with the si-NC, si-linc00468, pcDNA3.1 (empty vector) and pcDNA-linc00468; (C-E) at 48 h after transfection, apoptotic rates of 
cells were analyzed by flow cytometry. LR, early apoptotic cells; UR, terminal apoptotic cells; (F,G) the EdU assay showed that si-linc00468 
inhibited the proliferation of cells. EdU-positive cells were counted and captured. All experiments were collected from biological triplicate 
with three technical replicates. *, P<0.05; **, P<0.01.
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of lncRNA functional assays in PE have gained attention 
and illustrated that lncRNAs play a critical regulatory 
part in the progression of PE (20). It is thought that pre-
eclampsia is a pregnancy-related disorder of angiodysplasia. 

Some studies support the theory of “superficial trophoblast  
implantation” (21), because inadequacy or the failure 
of trophoblast cell invasion, migration, and abnormal 
extravillous cytotrophoblast (EVT) formation in the uterine 
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Figure 3 The effects of linc00468 on migration, invasion and cell cycle of trophoblast cells in vitro. (A,B) Changes in both HTR-8/SVneo 
(A) and JAR (B) cell migration and invasion ability were notably reduced by si-linc00468 #2, si-linc00468 #3 or control (scrambled) after 
transfection for 24 h; (C,D) Transwell assays were commonly used tests to exhibit the migratory abilities of HTR-8/SVneo (C) and JAR (D) 
cells after overexpression with the plasmid pcDNA-linc00468, respectively. Data are presented as the mean ± SD; ***, P<0.001; **, P<0.01; *, 
P<0.05; (E) at 48 h after transfection, there were no significant differences between si-NC and si-linc00468 #3 in the cell cycle as detected by 
flow cytometry; (F) FISH analysis of the location of linc00468 (red) in the cytoplasm and nuclear fractions (DAPI) of HTR-8/SVneo cells.

wall causes impaired placentation in the development of 
the placental vascular bed (22,23). In addition, Ferretti  
et al. provided evidence to corroborate the similar 
phenotypic properties between cancer and trophoblastic 
cells in molecular circuits by the disorder of the process of 
extensive proliferation, migration and invasion (24). 

In this study, we showed for the first time that linc00468, 
a 903-bp lncRNA located on chromosome 6q26 (19), serves 
a vital role in trophoblast invasion and migration. It was 
ubiquitously downregulated in the trophoblastic cells and 
placentas of PE patients, which further explains that the 
inhibition of linc00468 might result in the development of 

PE. EDU, CCK8 and clone assays also demonstrated that 
linc00468 impair the viability of EVTs. Transwell assays 
revealed that linc00468 has been shown to promote invasion 
and migration by inducing EMT in vitro. Flow cytometry 
analysis demonstrated that the suppression of linc00468 
promoted apoptosis in cell lines, whereas it did not change 
the cell cycle. We also showed that overexpressed linc00468 
produced the opposite results. Taken together, all the 
biological results illustrated that lin00468 serves a key role 
in trophoblast cells invasion and migration.

A follow-up study using FISH analysis  showed 
that linc00468 was localized in both the nucleus and 
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Figure 4 Expression of EMT-associated markers in PE tissues and trophoblast cells. (A) EMT-related markers were detected by qRT-PCR 
in tissues. Normal indicates normal control tissues; PE indicates preeclampsia tissue; (B,C) quantitative polymerase chain reaction (qRT-
PCR) analyses of E-cadherin, β-catenin, N-cadherin, Vimentin and Snail expression levels after linc00468 knockdown (B) or overexpression 
in HTR‐8/SVneo cells (C). Western blot (D) analysis of the expression of E-cadherin, N-cadherin and Vimentin in the PE placental and 
normotensive placental tissues. (E,F) HTR‐8/SVneo cells with down-regulated linc00468 (E) and up-regulated linc00468 (F) were used 
to detect by Western blotting with the indicated antibodies; GAPDH was used as the loading control (***, P<0.001; **, P<0.01; *, P<0.05). 
EMT, epithelial-mesenchymal transition; PE, preeclampsia; qRT-PCR, quantitative polymerase chain reaction.
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Figure 5 Linc00468 inhibits PE progression by inhibiting EMT via immunofluorescence in vitro. (A,B,C) Immunofluorescence analysis 
of E-cadherin (A), N‐cadherin (B) and Vimentin (C) expression, respectively, in HTR‐8/SVneo cells with downregulated or upregulated 
linc00468. All experiments were performed in triplicate with three technical replicates; (D) values are the mean ± standard error of the mean, 
based on three independent experiments. *, P<0.05; **, P<0.01. PE, preeclampsia; EMT, epithelial-mesenchymal transition.
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the cytoplasm, indicating its possible involvement in 
transcriptional and post-transcriptional regulation. To 
detect the role of linc00468 in regulating the EMT, EMT-
relating transcription regulators were detected by qRT-
PCR and western blot. Intriguingly, results showed that 
silencing linc00468 led to the up-regulation of E-cadherin 
and gradual down-regulation of N-cadherin, Vimentin 
and Snail; the overexpression of linc00468 led to the up-
regulation of N-cadherin, Vimentin, and Snail and the 
gradual down-regulation of E-cadherin. We also found 
similar results using an immunofluorescence assay. Through 
activation of EMT transcription factors (EMT-TFs), we can 
conclude from the above results that the loss of expression 
of linc00468 may be directly or indirectly associated with 
a reduction in the invasive capacity of PE placentas and 
human cell lines resulting in PE pathogenesis. On the basis 
of the above description, altered lin00468 is a promising 
marker of the invasion of EVTs inducing by EMT in PE.

The mesenchymal-like EVT undergo the process of 
EMT which is the first step from an anchorage-dependent 
epithelial phenotype (5). Then, EVTs can invade the 
maternal decidua, remodeling the spiral arteries. As a result, 
this caused the failure of placentation. Several groups have 
reported that the EMT is characterized by a pathological 
dynamic process, where mesenchymal cells replace the 
organized epithelial phenotype, forming a fibroblast cell 
phenotype with migratory and invasive properties and 
lose the intercellular contacts and cellular polarity (25). 
A previous study confirmed that Vimentin, Snail and 
N-cadherin exhibited low expression; however, ZO-1 and 
E-cadherin showed the opposite expression in the villi, 
decidua and EVT in PE placentas (9). For example, the 
lncRNA SPRY4-IT1 was recently determined to induce 
the EMT via the Wnt/β-catenin signaling pathway to cause 
trophoblast cell dysfunction (26). Additionally, Yu et al. 
indicated that the silencing of lncMEG3 is associated with 
the pathogenesis of PE and affects invasion and migration 
accompanied by increased EMT (27). STAT3, as a vital 
aspect downstream of RPS4Y1, has been demonstrated 
to have an important role in regulating the migratory 
and invasive ability of trophoblasts through the EMT  
pathway (28). Moreover, other non-coding RNAs, including 
lnc-ATB (29), microRNA-7 (30), and miR-431 (31) are 
involved in the EMT in placental trophoblast cells (32). 

According to numerous studies, several growth factors 
and signaling pathways have been implicated in the EMT 
development, including the TGF-β/SMAD signaling 

pathway, the WNT/β-catenin signaling pathway, the Notch 
signaling pathway and others (33), as well as transcription 
factors, like SNAIL, ZEB and Twist (34).

Future studies are required to investigate the mechanisms 
underlying inc00468-induced trophoblast invasion in PE. In 
the future, we plan to study the effects of linc00468 further 
via the use of primary cells and animal models.

In summary, linc00468 depletion suppressed trophoblast 
cell migration and invasion and affected the EMT. Our 
findings offer novel avenues to advance a more detailed 
knowledge of PE, and suggest the potential of linc00468 as 
a therapeutic target for lncRNA-based PE therapy.
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Figure S1 Colony formation assays were performed to investigate the proliferation of si-linc00468 and pcDNA3.1-linc00468 in HTR‐8/SVneo and 
JAR cells, and the number of colonies was counted. Data are presented as the mean ± standard error (SE). (***, P<0.001; **, P<0.01; *, P<0.05).
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