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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the role of long non-coding 
RNA (lncRNA) TCL6 in early abortion and to ex-
plore its underlying mechanism.

PATIENTS AND METHODS: The expression 
levels of lncRNA-TCL6 and epidermal growth 
factor receptor (EGFR) in placental tissues of 
normal pregnancy, threatened abortion preg-
nancy, spontaneous abortion pregnancy, and 
induced abortion pregnancy were detected by 
quantitative Real-Time Polymerase Chain Reac-
tion (qRT-PCR), respectively. Trophoblast cells 
were transfected with siRNA to knock-down ln-
cRNA-TCL6. Cell viability of trophoblast cells 
was detected by cell counting kit-8 (CCK-8) as-
say. The protein expression levels of EGFR, ex-
tracellular regulated protein kinases (ERK) and 
protein kinase B (AKT) in trophoblast cells af-
ter lncRNA-TCL6 knockdown were detected by 
Western blot. Rescue experiments were per-
formed to investigate the relationship between 
EGFR and lncRNA-TCL6.

RESULTS: The expression of lncRNA-TCL6 in 
placenta tissues of threatened abortion preg-
nancy was significantly higher than that of nor-
mal pregnancy. Meanwhile, the expression of ln-
cRNA-TCL6 in placenta tissues of spontaneous 
abortion pregnancy was also markedly higher 
than induced abortion pregnancy. However, the 
expression of EGFR showed an opposite trend. 
After knockdown of lncRNA-TCL6 in tropho-
blast cells, the protein expression levels of EG-
FR, ERK, and AKT were significantly increased 
when compared with those of the control group. 
CCK-8 assay indicated that cell viability was 
remarkably increased after knockdown of ln-
cRNA-TCL6, which could be reversed by EGFR 
knockdown.

CONCLUSIONS: Compared with normal preg-
nancy, lncRNA-TCL6 was highly expressed in 
placental tissues of threatened abortion preg-
nancy. Moreover, the expression of lncRNA-TCL6 
in placenta tissues of spontaneous abortion 
pregnancy was significantly higher than in-
duced abortion pregnancy. Knockdown of ln-

cRNA-TCL6 promoted the proliferation of tro-
phoblast cells and inhibited the abortion via the 
EGFR signaling pathway.
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Introduction

Early abortion refers to the termination of 
intrauterine pregnancy within 12 weeks of gesta-
tion, which is one of the most common patholog-
ical pregnancies. Abortion can be classified into 
spontaneous abortion (SA) and artificial abortion 
(AA), in which SA is known as a common com-
plication of pregnancy. The probability of SA 
after the implantation of gestational sac in the 
uterus is 10-15%, of which the occurrence of ear-
ly abortion is as high as 80%. SA is the outcome 
of multiple causes, including endocrine disorders, 
pathogen infections, anatomical disorders in the 
reproductive system, abnormal immune regulato-
ry mechanisms, stress factors, and environmental 
factors. Besides, there are still some abortion 
cases with unclear pathogenesis, which is known 
as unexplained SA1.

Trophoblasts are placental cells of the epithe-
lial cell line that are different from the common 
trophoblast progenitor cells. It’s known to all 
that trophoblast cells exert an important role in 
placental development. Trophoblastic dysfunc-
tion contributes to severe pregnancy-related dis-
eases, such as early SA. Some studies2,3 have 
reported that many molecules are involved in 
the regulation of trophoblastic function, such 
as integrin-like metalloproteinase 12 antibody 
(ADAM12), mitochondrion-related protein p32 
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and others. Multiple noncoding RNAs can also 
regulate the function of trophoblast cells. For 
example, overexpression of microRNA-377 and 
Let-7a may decrease the proliferative ability of 
trophoblast cells4. In addition, accumulating evi-
dence has indicated that long non-coding RNAs 
(lncRNAs) are differentially expressed in blasto-
cysts and decidua of SA, and can induce abortion. 
Infection and inflammation have also been identi-
fied as major causes of early abortion, suggesting 
that lncRNAs may participate in the occurrence 
and development of SA and pregnancy diseases5. 
Moreover, lncRNAs are also capable of regulat-
ing the proliferation and invasion of trophoblast 
cells3,6,7. 

LncRNAs are a class of nucleotide transcripts 
with over 200 nt in length. Originally, lncRNAs 
were considered as “dark matters” that did not 
possess any biological function8. Previous tran-
scriptome analysis has identified a large number 
of differentially expressed lncRNAs in abor-
tion. In particular, many of them are involved 
in various biological functions. For instance, it 
is reported that lncRNA-H19 inhibits placen-
tal overgrowth before delivery9. In this study, 
lncRNA-TCL6 was differentially expressed 
in normal pregnancies and abortion pregnan-
cies. Thus, we aimed to explore the role of ln-
cRNA-TCL6 in early abortion and its underlying 
mechanism.

Patients and Methods

Sample Collection
From May 2015 to May 2017, placental tissues 

of SA pregnancy (n = 30), induced abortion preg-
nancy (n = 30) and normal pregnancy (n = 30) 
were collected form the Department of Obstetrics 
and Gynecology in Hanchuan People’s Hospital 
of Hubei Province. No significant differences 
were found in age and weight among the three 
groups. All obtained surgical specimens were 
placed in RNase-free cryovials within 15 min 
after resection and stored in liquid nitrogen. The 
study was approved by the Ethics Committee of 
the Hospital. The informed consent was obtained 
from each patient before the study. 

Cell Culture and Transfection
The trophoblast cell lines (Wish, JEG3, BeWo, 

and HTR-8) were cultured in DMEM (Dulbec-
co’s Modified Eagle Medium) containing 10% 
fetal bovine serum (FBS), 1% penicillin and 

streptomycin in a 37°C, 5% CO2 incubator (Gib-
co, Rockville, MD, USA). Cells were first seeded 
into 6-well plates. When the cell density reached 
60-70%, HTR-8 or Wish cells were transfected 
with negative control (NC), si-lncRNA-TCL6-1, 
si-lncRNA-TCL6-2, and si-EGFR (epidermal 
growth factor receptor) in strict accordance with 
the instructions of Lipofectamine2000 (Invitro-
gen, Carlsbad, CA, USA). 6 h after transfection, 
the medium was replaced and the cells were col-
lected for subsequent experiments. 

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

Total RNA was extracted form placenta tissues 
and transfected cells according to the manufac-
turer’s protocol of TRIzol Reagent (Invitrogen, 
Carlsbad, CA, USA). The quality of extracted 
RNA with A260/A280 value of 1.8 to 2.1 was 
considered acceptable. Reverse transcription and 
quantitative analysis were performed based on 
the instructions of PrimerScript RT Reagent Kit 
(TaKaRa, Otsu, Shiga, Japan). Reaction con-
ditions were as follows: 95°C for 10 min, 95°C 
for 10 s, and 60°C for 60 s, for a total of 45 
cycles. Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) was used as an internal control. 
Relative expression level of genes was calculat-
ed by the 2-ΔΔCt method. Each experiment was 
repeated for 3 times in parallel. Primers used 
in this study were as follows: LncRNA-TCL6: 
F: TGTCTCATTCGCCTCTGGAT, R: GTCTC-
CCTCCTTCTGCCTTT; EGFR: F: AATTCAG-
GGTGACGAAGTGGT, R: GGAAGAGCA-
GAGCCAGAATTG; GAPDH: F: CGCTCTCT-
GCTCCTCCTGTTC, R: ATCCGTTGACTC-
CGACCTTCAC.

Western Blot
Radio-immunoprecipitation assay (RIPA) ly-

sate (Beyotime, Shanghai, China) was employed 
to extract total protein of placenta tissues and 
transfected cells. After centrifugation, the su-
pernatant was collected and the protein con-
centration was determined by the bicinchoninic 
acid (BCA) method (Pierce, Rockford, IL, USA). 
Extracted proteins were separated by sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto polyvi-
nylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA). After blocking with 
5% skim milk for 1 h, the membranes were 
incubated with corresponding primary antibodies 
at 4°C overnight. After washing three times with 
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Tris-Buffered Saline with Tween 20 (TBST; Bey-
otime, Shanghai, China), the membranes were in-
cubated with corresponding secondary antibody 
at room temperature for 2 h. Immunoreactive 
bands were exposed by enhanced chemilumines-
cence (ECL) method (Thermo Fisher Scientific, 
Waltham, MA, USA). Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was used as an 
internal reference.

Cell Counting Kit-8 (CCK-8) Assay
48 h after transfection, the cells were seed-

ed in 96-well plates at a density of 5×103 cells 
per well, with 3 replicates set in each group. 
Cell viability was measured at 6, 24, 48, 72, 
and 96 h after inoculation, respectively. The 
culture medium was replaced with serum-free 
and antibiotic-free DMEM before cell viability 
detection. A total of 10 µL CCK-8 reagent (Do-
jindo, Kumamoto, Japan) was added to each 
well, followed by incubation in a 37°C, 5% CO2 
incubator for another 2 h. Optical density (OD) 
value of each well at the wavelength of 450 nm 
was measured by a microplate reader (Bio-Rad, 
Hercules, CA, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS Inc., Chicago, IL, USA) 13.0 Software 
was used for statistical analysis. All measure-
ment data were expressed as mean ± standard 
deviation (x– ± s). Independent-sample t-test was 
used for the comparison between the two groups. 
p < 0.05 was considered statistically significant.

Results

Expression of LncRNA-TCL6 and EGFR in 
Placental Villi of Abortion Pregnancies

We detected the expression of lncRNA-TCL6 
in placental villi of threatened abortion preg-
nancy and normal pregnancy. Results showed 
that lncRNA-TCL6 was overexpressed in 
threatened abortion pregnancy, suggesting that 
lncRNA-TCL6 might be involved in the de-
velopment of threatened abortion (Figure 1A). 
EGFR signaling pathway has been reported to 
play a regulatory role in early human embryo 
implantation. Meanwhile, EGF deficiency can 
increase the miscarriage rate10, 1. In this study, 
we found that the expression of EGFR in pla-
centa tissues of threatened abortion pregnancy 

was significantly decreased than that of normal 
pregnancy (Figure 1C-1E). Further results re-
vealed that the expression of EGFR in placenta 
of SA pregnancy was significantly downregu-
lated than induced abortion pregnancy (Figure 
1D-1F).

LncRNA-TCL6 Inhibited the 
Proliferation of Trophoblast Cells

To explore the biological function of ln-
cRNA-TCL6 in threatened abortion, we ana-
lyzed the relationship between lncRNA-TCL6 
and trophoblast cell proliferation in vitro. The 
mRNA expression levels of lncRNA-TCL6 in 
3 trophoblast cell lines (Wish, JEG3, BeWo 
and HTR-8) were detected by qRT-PCR, re-
spectively. Results suggested that the expres-
sion of lncRNA-TCL6 in HTR-8 and Wish 
cells was higher, which were then selected for 
subsequent experiments (Figure 2A). We also 
transfected HTR-8 and Wish cells with NC, 
si-lncRNA-TCL6-1 and si-lncRNA-TCL6-2, 
respectively. Results indicated that si-lncRNA-
TCL6-1 showed better knockdown efficiency 
than si-lncRNA-TCL6-2 in HTR-8 and Wish 
cells (Figure 2B-2C). Therefore, si-lncRNA-
TCL6-1 was selected for subsequent exper-
iments. Meanwhile, our results showed that 
cell viability was remarkably increased after 
lncRNA-TCL6 knockdown, suggesting that 
inhibition of lncRNA-TCL6 expression could 
effectively enhance the viability of trophoblast 
cells (Figure 2D-2E).

LncRNA-TCL6 Attenuated the 
Activation of EGFR Pathway

Multiple studies have reported the significant 
role of the EGFR pathway in pregnancy dis-
eases. Therefore, we hypothesized whether ln-
cRNA-TCL6 could regulate the EGFR signaling 
pathway. After knockdown of lncRNA-TCL6, the 
expression levels of EGFR pathway-related pro-
teins (EGFR, ERK, and AKT) were remarkably 
upregulated in HTR-8 and Wish cells, suggesting 
that lncRNA-TCL6 could negatively regulate the 
EGFR signaling pathway (Figure 3A-3B).

EGFR Reversed the Effect of 
LncRNA-TCL6 on Early Abortion

Rescue experiments were performed to further 
explore whether lncRNA-TCL6 could regulate 
early abortion via the EGFR pathway. Our data 
showed that the downregulation of lncRNA-TCL6 
enhanced the viability of HTR-8 and Wish cells, 
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which could be reversed by EGFR knockdown 
(Figure 4A-4B). Results also indicated that in-
hibited cell proliferation by lncRNA-TCL6 could 
also be reversed by EGFR knockdown, further 
proving that lncRNA-TCL6 might regulate early 
abortion through the EGFR pathway.

Discussion

EGF is a peptide substance that regulates the 
proliferation and differentiation of epithelial and 
mesenchymal cells. EGFR is located on chro-
mosome 7p11-13, encoding a specific binding 

Figure 1. LncRNA-TCL6 was overexpressed in placental villi of abortion patients. A, LncRNA-TCL6 expression in the 
threatened abortion group was significantly higher than that of the normal pregnancy group. B, LncRNA-TCL6 expression in 
the spontaneous abortion group was significantly higher than the artificial abortion group. C, The mRNA expression of EGFR 
in the threatened abortion group was significantly lower than that of the normal pregnancy group. D, The mRNA expression 
of EGFR in the spontaneous abortion group was remarkably lower than the artificial abortion group. E, The protein expression 
of EGFR in the threatened abortion group was markedly lower than the normal pregnancy group. F, The protein expression of 
EGFR in the spontaneous abortion group was significantly lower than the artificial abortion group.
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cell membrane receptor12,13. EGFR is divided in-
to three parts, including: the extra-membrane 
binding zone, the transmembrane transformation 
zone, and the cytoplasmic effect zone. Among 
them, the extracellular domain is the binding site 
of corresponding ligand EGF14. The activation of 
EGFR can stimulate numerous downstream sig-

naling pathways, including the classical ras-raf-
MEK-ERK/MAPK pathway15. Scholars16,17 have 
indicated that the proliferation of certain tumor 
cells is associated with the activation of the EG-
FR/PI3K/AKT pathway, suggesting that EGFR 
regulates tumor development via the PI3K/AKT 
pathway. In addition, the EGFR pathway can 

Figure 2. LncRNA-TCL6 inhibited the proliferation of trophoblast cells. A, LncRNA-TCL6 was overexpressed in HTR-8 and 
Wish cells. B&C, Si-RNA transfection was performed to reduce the expression of TCL6 in Wish and HTR-8 cells. D, After 
interference with lncRNA-TCL6, the viability of HTR-8 cells was significantly enhanced. E, After interference with lncRNA-
TCL6, the viability of Wish cells was markedly enhanced.
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Figure 3. LncRNA-TCL6 attenuated the activation of the EGFR signaling pathway. A-B, After interference with lncRNA-
TCL6, the expression levels of EGFR, AKT, and ERK in trophoblast cells were significantly increased.

Figure 4. EGFR reversed the effect of lncRNA-TCL6 in early abortion. A-B, After knockdown of lncRNA-TCL6, the viability 
of HTR-8 and Wish cells was enhanced, which was reversed by EGFR knockdown.
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promote the proliferation of endothelial cells, and 
also exert an important role in the implantation of 
fertilized eggs, pregnancy maintenance, placen-
tal development, trophoblast differentiation, fetal 
growth, and development processes12,13,18.

As reported, the EGFR pathway has an essen-
tial effect on the proliferation and differentiation 
of placental trophoblasts. After implantation, tro-
phoblasts begin to proliferate rapidly, forming 
external syntrophoblasts, and the inner cytotro-
phoblasts. The EFGR pathway promotes placen-
tal development by regulating the differentiation 
of placental trophoblasts into syncytial cells19. 
During the formation of syneytiotrophoblasts, 
the enzymatic activity of EGFR is remarkably 
increased20. However, as the gestational week 
prolongs, the expression level of placental EGFR 
decreases gradually. EGF and EGFR stimulate 
the proliferation and differentiation of tropho-
blasts through autocrine, paracrine, and endo-
crine pathways, thereby regulating embryonic 
development and embryo implantation21,22. At the 
4th-5th week of gestation, EGF and EGFR are 
mainly expressed in placental cytotrophoblasts, 
thus promoting the proliferation of cytotropho-
blasts without affecting the secretion of chorionic 
gonadotropin (hcG) and placental lactogen (hpL). 
When the gestation progresses to the 6th-12th 
week, the two molecules are mainly expressed 
in syneytiotrophoblasts, which continuously pro-
mote the hcG and hpL secretion. However, the 
proliferation of cytotrophoblasts is not affected23. 
Besides, the EGFR pathway also plays a vital role 
in the self-renewal and repair of trophoblasts24.

Researches have shown that EGF and EGFR 
are overexpressed in the implanted sites of hu-
man, mouse, bovine, and rhesus monkeys25. It is 
reported that the effect of induced implantation 
in rats is positively related to the dose of EGF. 
Meanwhile, the expression of EGFR is higher 
around decidual artery than that of endometrium 
in early pregnancy. Therefore, it is speculated26 
that the EGFR pathway can regulate trophoblast 
invasion. Hofmann et al10 have confirmed that 
EGF and EGFR are distributed in the human em-
bryo implantation site as well as the intermediate 
trophoblast, indicating that the EGFR pathway al-
so regulates early embryo implantation. Tsutumi 
et al11 have also confirmed that in the absence of 
EGF, the abortion rate in rats is increased.

In this work, we found that the expression of 
EGFR in placenta tissues of threatened abor-
tion pregnancy was markedly lower than that of 
normal pregnancy. Meanwhile, EGFR was also 

downregulated in spontaneous abortion pregnan-
cy than abortion pregnancy. However, the ex-
pression of lncRNA-TCL6 showed an opposite 
trend. Further in vitro experiments revealed that 
lncRNA-TCL6 inhibited the proliferation of tro-
phoblast cells by regulating the EGFR pathway. 
In view of the important role of EGFR pathway in 
the proliferation and differentiation of trophoblast 
cells and embryo implantation, we suspected that 
lncRNA-TCL6 might regulate early abortion by 
affecting embryo implantation.

Conclusions

We showed that the lncRNA TCL6 was over-
expressed in early aborted placental tissues. 
Knockdown of lncRNA TCL6 might inhibit the 
early abortion by promoting trophoblast cell pro-
liferation and embryo implantation via activating 
EGFR pathway.
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