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 Background: The improper invasion of trophoblast cells (TC) can cause various diseases. BRCT-repeat inhibitor of hTERT ex-
pression (BRIT1) is involved in the invasion of tumors. Here, we analyzed the effects of BRIT1 on the invasion 
of TC.

 Material/Methods: The expression of BRIT1 in JEG-3, B6Tert, and HTR8/SVneo cells was evaluated by transcription-quantitative 
polymerase chain reaction (RT-qPCR) and Western blotting. The viability, invasion, and migration of HTR8/SVneo 
cells were measured using cell counting kit-8 (CCK-8) and Transwell assays. The activities of pro-matrix metal-
loproteinase-2 (pro-MMP-2) and pro-MMP-9 were tested by gelatin zymography assay. The levels of invasion- 
and Wnt/b-catenin pathway-related factors were assessed by RT-qPCR and Western blotting.

 Results: Levels of BRIT1 in HTR8/SVneo cells were higher than that of JEG-3 and B6Tert cells. The transfection efficiency 
of BRIT1 siRNA-2 was better than BRIT1 siRNA-1 in HTR8/SVneo cells. BRIT1 siRNA-2 did not change cell viability, 
whereas it promoted cell invasion and migration. BRIT1 siRNA-2 enhanced the activities of pro-MMP-2 and pro-
MMP-9, as well MMP-2 and MMP-9 levels, and reduced tissue inhibitor of metalloproteinases-1 (TIMP-1) and 
TIMP-2 expression. Moreover, BRIT1 siRNA-2 significantly increased the levels of Wnt2, Wnt3, and b-catenin.

 Conclusions: BRIT1 silencing accelerated the invasion and migration of TC and activated the Wnt/b-catenin pathway. Our 
results may provide new insights for finding new molecular targets to cure disease caused by insufficient in-
vasion of TC.
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Background

Trophoblast cells (TC) are the cell population derived from the 
development of the nourishing ectoderm outside the blasto-
cyst and are covered with the surface of the villi [1]. TC have 
biological characteristics similar to the morphology and infiltra-
tion of tumor cells. TC on the maternal decidua and maternal 
spiral arteries moderate invasion, which is the key to establish 
maternal fetal blood circulation and successful pregnancy [2,3]. 
During the development of human placenta, 3 cell types are 
involved: cytotrophoblasts (CTBs), syncytiotrophoblasts (STBs), 
and extrovillous trophoblasts (EVTs). Each cell type plays an im-
portant role in regulating the invasion of TC [4–6]. Many com-
plex events are related to each other in the process of inva-
sion of TC, which is subject to stringent temporal regulation. 
Regulation disorder can lead to disease, specifically, invasive 
deficiencies can cause spontaneous abortion, intrauterine 
growth retardation, preeclampsia, and other diseases [7–9], 
but excessive invasion may cause hydatidiform mole and cho-
riocarcinoma [10,11]. Based on these understandings, the ac-
ademic community has launched a study on the invasion and 
regulation of TC [12–14].

BRCT-repeat inhibitor of hTERT (human telomerase reverse 
transcriptase) expression (BRIT1), also called microcephalin 1 
(MCPH1) BRIT1 gene mutation, is one of the main causes of 
the primary head deformity. As early as 1998, Jackson et al. 
studied the gene sequence of small head deformities to de-
termine the location of the mutation [15]. The BRIT1 gene is 
located at the human chromosome at the position of 8p23.1, 
which is widely expressed in various tissues, such as the 
brain, kidney, and liver [16–18]. BRIT1 has been proved to be 
involved in DNA damage, cell cycle regulation, chromosome 
agglutination, and cell death, and is associated with many 
diseases [19–22]. BRIT1 also plays a role in the development of 
tumors, including cell invasion, migration, and apoptosis [23,24]. 
Nevertheless, the influences of BRIT1 on the invasion and mi-
gration of TC are unclear.

The Wnt signaling pathway plays a pivotal regulatory role in 
the processes of cell proliferation, differentiation, migration, 
polarity, adhesion, and stem cell renewal [25,26]. It is believed 
that there are 3 different activation pathways in the Wnt sig-
naling pathway: the classical pathway (Wnt/b-catenin pathway) 
and the 2 non-classical pathways (PCP pathway and Wnt/Ca2+ 
pathway). Activation of the classical pathway is particularly 
closely related to a variety of important physiological functions, 
such as cell differentiation, embryo development, and tissue 
and organ regeneration [27]. b-catenin cell nuclear transfer is 
used as an indicator of the classical pathway, and activation 
of this pathway can enhance the transcriptional activity of the 
target genes (MMPs and c-Myc), thereby promoting the devel-
opments of TC and tumor cells [28–31].

In this study, we explored the expression of BRIT1 in the hu-
man choriocarcinoma cell and normal TC. Moreover, the ef-
fects of BRIT1 on the viability, invasion, and migration of TC 
were detected by cell counting kit-8 and Transwell assays. 
Subsequently, the potential pathway of BRIT1 in TC was mea-
sured by Western blotting.

Material and Methods

Cell culture and transfection

The human choriocarcinoma cell line (JEG-3 cells) and normal 
trophoblast cell lines (B6Tert and HTR8/SVneo cells) were pro-
vided by Shanghai Junrui Biotechnology Co., Ltd. All cells were 
maintained in high-glucose Dulbecco’s modified Eagle medium 
(DMEM) (Solarbio, Beijing, China) supplemented with 10% fetal 
bovine serum (10% FBS, Solarbio, Beijing, China). Then, the cells 
were transferred into a 37°C incubator with 5% CO2 (SHH01, 
Jianheng, Shanghai, China). BRIT1 siRNA-1, BRIT2 siRNA-2, 
and unspecific scrambled siRNA plasmids were designed by 
GenePharma (Suzhou, Jiangsu, China), and plasmids were trans-
fected into HTR8/SVneo cells using Hieff Trans™ Liposomal 
Transfection Reagent (Yeasen, Shanghai, China). Transfection 
efficiency was detected by reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) and Western blotting.

Cell viability analysis

The viability of HTR8/SVneo cells was analyzed by CCK-8 (MSK, 
Wuhan, Hubei, China). Firstly, cells were cultured in 96-well 
plates at the density of 3×103 cells/well in incubator for 24 h. 
Secondly, cells were treated with PBS (Control), unspecific 
scrambled siRNA plasmid (Control siRNA), or BRIT1 siRNA-2 plas-
mid for 12, 24, and 48 h. Thirdly, CCK-8 reagent was dripped 
to the cells, and cells were transferred into incubator for 4 h. 
Finally, the absorbance at 450 nm was examined using an 
HBS-1096B microplate reader (Detie, Nanjing, Jiangsu, China).

Cell migration and invasion analysis

The migration and invasion of HTR8/SVneo cells were assessed 
by Transwell assay. Cell invasion detection required the applica-
tion of BD matrigel (Qcbio, Shanghai, China), but the detection 
of cell migration does not need it. In brief, BD matrigel was 
spread out in the upper Transwell chamber at room temper-
ature until solidification. DMEM containing 15% FBS was 
poured into the lower Transwell chamber. Cells were plated 
to the upper chamber (containing DMEM without FBS) and 
maintained in the 37°C incubator. After 24 h, the cells in the 
lower chamber were collected and fixed with 4% paraformal-
dehyde (Nanjing Reagent, Nanjing, Jiangsu, China) for 10 min 
at 4°C. Subsequently, cells were stained using 0.1% Crystal 
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violet (Solarbio, Beijing, China) for 20 min at room temperature. 
Finally, cells were observed and photographed under an inverted 
microscope (Olympus, Japan). The numbers of invaded and 
migrated cell was counted from 5 randomly selected fields.

Matrix metalloproteinase activity analysis

The activities of pro-matrix metalloproteinase-2 (pro-MMP-2) 
and pro-MMP-9 in HTR8/SVneo cells were determined by gel-
atin zymography assay. The details of the experimental steps 
have been presented in a previous paper [32]. Briefly, the pro-
teins of cells were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). The gel was incu-
bated, dyed, and decolorized at room temperature. The gel was 
observed and photographed using a gel imaging instrument 
(UVCI-1000, MajorScience, Shanghai, China). The gray value 
was calculated with Quantity One 4.6.2 software (BioRad, USA). 
The gray value in the control group was normalized to “1”.

RT-qPCR analysis

The total RNA of B6Tert, HTR8/SVneo, and JEG-3 cells were 
collected and cracked using Trizol reagent (Leagene, Beijing, 
China). The TIANscript RT Kit (TianGen, Beijing, China) was used 
to synthesize cDNA according to the manufacturer’s instruc-
tions. Then, SYBR Premix Ex Taq™ II (Takara, Japan) was used 
to amplify cDNA following the manufacturer’s instruction. All 
primers were obtained from Genewiz (Suzhou, Jiangsu China) 
and are listed in Table 1. GAPDH was used as an internal 
control. The formula 2–DDCT was used to analyze the gene ex-
pression according to the method described previously [33].

Primer name Sequence (5’-3’)
Product 
size (bp)

BRIT1-forward AAACCATCTCCAGTCCTCGG
248

BRIT1-reverse TGTGCTTTTCAGACCAACCG

MMP-2-forward CAGCCCTGCAAGTTTCCATT
210

MMP-2-reverse GTTGCCCAGGAAAGTGAAGG

MMP-9-forward GAGACTCTACACCCAGGACG
238

MMP-9-reverse GAAAGTGAAGGGGAAGACGC

TIMP-1-forward AGACCACCTTATACCAGCGT
217

TIMP-1-reverse GCCACAAAACTGCAGGTAGT

TIMP-2-forward AAGCGGTCAGTGAGAAGGAA
250

TIMP-2-reverse ACGATGAAGTCACAGAGGGT

GAPDH-forward CCATCTTCCAGGAGCGAGAT
222

GAPDH-reverse TGCTGATGATCTTGAGGCTG

Table 1. The sequences of primers.
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Figure 1.  Expression of BRIT1 in different trophoblast cells. (A) The mRNA level of BRIT1 in human choriocarcinoma cell line (JEG-3 
cells) and normal trophoblast cell lines (B6Tert and HTR8/SVneo cells) was detected by RT-qPCR. (B) The proteins levels of 
BRIT1 were measured by Western blotting. * P<0.05, ** P<0.01, versus JEG-3.
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Western blotting

The total proteins of B6Tert, HTR8/SVneo, and JEG-3 cells were 
collected and cracked by high RIPA buffer (Solarbio, Beijing, 
China). The concentration of proteins was detected using a BCA 
kit (Yeasen, Shanghai, China). Then, the SDS-PAGE was used to 
separate the proteins, and the proteins were transferred to a 
nitrocellulose (NC) membrane (Haoran, Shanghai, China). The 
NC membrane was blocked by 5% non-fat milk at room tem-
perature for 1.5 h, and then incubated with the primary anti-
bodies (anti-BRIT1, Abcam, ab121277, dilution: 1: 900; anti-
matrix metalloproteinase-2 (MMP-2), R&D, IC903G, dilution: 
1: 700; anti-MMP-9, Abcam, ab38898, dilution: 1: 1000; anti-
tissue inhibitor of metalloproteinases-1 (TIMP-1), R&D, IC970G, 
dilution: 1: 700; anti-TIMP-2, R&D, MAB971, dilution: 1: 500; 
anti-Wnt2, Abcam, ab27794, dilution: 1: 600; anti-Wnt3, Abcam, 
ab32249, dilution: 1: 600; anti-b-catenin, Abcam, ab16051, 

dilution: 1: 600; anti-GAPDH, R&D, MAB5718, dilution: 1: 800) 
at 4°C overnight. Subsequently, the NC membrane was incu-
bated with the secondary antibodies at room temperature for 
1.5 h (goat anti-mouse IgG, Abcam, ab6785, 1: 8000; donkey 
anti-rabbit IgG, R&D, NL004, 1: 5000; mouse anti-rabbit IgG, 
Invitrogen, BA1034, 1: 7000). Chemiluminescence detection 
was carried out using ECL reagent (Huiying, Shanghai, China).

Statistical analysis

All experimental data are presented as mean ±SD. Statistical 
analysis used SPSS 20 statistics software. One-way analysis 
of variance (ANOVA) was carried out to evaluate differences 
between the experimental groups. Statistical significant was 
set at P<0.05.
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Figure 2.  Effect of BRIT1 siRNA-2 on the viability of HTR8/SVneo cells. HTR8/SVneo cells were transfected with PBS (control), unspecific 
scrambled siRNA (control siRNA), BRIT1 siRNA-1, and BRIT1 siRNA-2 plasmids. (A) RT-qPCR was performed to test the mRNA 
level of BRIT1. (B) Western blotting was used to assess the protein level of BRIT1. (C) Cell viability was analyzed by CCK-8 
analysis. * P<0.05, ** P<0.01, versus control; # P<0.05, ## P<0.01, versus control si-RNA.
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Results

BRIT1 was highly expressed in HTR8/SVneo cells

The expression of BRIT1 in B6Tert, HTR8/SVn, and JEG cells 
were analyzed by RT-qPCR and Western blotting. The mRNA 
level of BRIT1 in human normal trophoblast cell lines (B6Tert 
and HTR8/SVneo cells) was higher than in choriocarcinoma 
cell line (JEG-3 cells). BRIT1 mRNA level was highest in HTR8/
SVneo cells (Figure 1A). The protein level of BRIT1 in HTR8/
SVneo cells was the highest (Figure 1B).

BRIT1 siRNA-2 did not affect the viability of HTR8/SVneo 
cells

To explore the transfection efficiency of BRIT1 siRNA-1 and 
BRIT1 siRNA-2 in HTR8/SVneo cells, we used RT-qPCR and 
Western blotting. As the RT-qPCR and Western blotting data 
shown, when cells were transfected with BRIT1 siRNA-1 and 
BRIT1 siRNA-2, the mRNA and protein levels of BRIT1 were 
down-regulated relative to control siRNA. Moreover, the levels of 
BRIT1 in BRIT1 siRNA-2 were lower than that of BRIT1 siRNA-1 
(Figure 2A, 2B). Therefore, BRIT1 siRNA-2 was selected to trans-
fect into HTR8/SVneo cells. The viability of cells was examined 
by CCK-8. The CCK-8 results showed that there was no signifi-
cant change in relative cell viability in each group (Figure 2C).

BRIT1 siRNA-2 accelerated the invasion and migration of 
HTR8/SVneo cells

The abilities of invasion and migration in HTR8/SVneo cells 
exposed to BRIT1 siRNA-2 were detected using the Transwell 
assay. Our results revealed that the relative invasion rate in 
BRIT1 siRNA-2 was higher than that of control siRNA (Figure 3A). 
Migration was markedly increased in BRIT1 siRNA-2 compared 
to control siRNA (Figure 3B).

BRIT1 siRNA-2 modulated the invasion-associated factors 
in HTR8/SVneo cells

To explore the invasion-associated factors in HTR8/SVneo cells 
treated with BRIT1 siRNA-2, the activities of pro-MMP-2 and 
pro-MMP-9 were evaluated by gelatin zymography assay and 
the expression levels of MMP-2. MMP-9, TIMP-1, and TIMP-2 
were assessed by RT-qPCR and Western blotting. The gelatin 
zymography data showed that BRIT1 siRNA-2 obviously en-
hanced pro-MMP-2 and pro-MMP-9 activities (Figure 4A). 
Similarly, BRIT1 siRNA-2 dramatically increased the mRNA and 
proteins levels of MMP-2 and MMP-9. However, expression of 
TIMP-1 and TIMP-2 in the mRNA and protein was inhibited in 
BRIT1 siRNA-2 (Figure 4B–4G).
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Figure 3.  Effect of BRIT1 siRNA-2 on the invasion and migration of HTR8/SVneo cells. (A, B) Transwell assay was carried out to 
examine the invasion (A) and migration (B) of HTR8/SVneo cells. * P<0.05, ** P<0.01, versus control; # P<0.05, ## P<0.01, 
versus control siRNA. Bar=50 μm.
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BRIT1 siRNA-2 up-regulated the Wnt/b-catenin pathway in 
HTR8/SVneo cells

To study the potential mechanism of BRIT1 in HTR8/SVneo 
cells, the Wnt/b-catenin pathway-related factors (Wnt2, Wnt3, 
and b-catenin) were evaluated using Western blotting. The re-
sults revealed that BRIT1 siRNA-2 conspicuously boosted the 
relative expression levels of Wnt2, Wnt3, and b-catenin com-
pared to control siRNA (Figure 5A–5D).

Discussion

Recent studies have shown that BRIT1 expression is reduced 
in many human cancers [22,24,34,35]. Zhang et al. found that 
the expression of MCPH1 gene was depressed in lung cancer 
tissues compared to normal lung tissues [35]. Mai et al. proved 
that in comparison with normal renal tissues, MCPH1 levels 
were markedly attenuated in cancer tissues [34]. Consistent 
with previous research results, we found that BRIT1 expression 
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Figure 5.  Effect of BRIT1 siRNA-2 on Wnt/b-catenin pathway in HTR8/SVneo cells. (A–D) Western blotting was performed to test the 
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in JEG-3 cells was lower than in B6Tert and HTR8/SVneo cells. 
Mai et al. has also indicated that knockdown of BRIT1 gene 
can obviously repress the invasion and migration of cervical 
cancer cells [34]. Other studies have proved that over-expres-
sion of BRIT1 reduces growth, migration, and invasion of renal 
carcinoma oral squamous cell carcinoma [24,36]. Hence, we 
thought that BRIT1 might have a certain effect on TC. Our re-
sults show that BRIT1 siRNA-2 had no significant effect on the 
viability of HTR8/SVneo cells, but increased the capacities of 
invasion and migration, suggesting that silencing BRIT1 can 
expedite the invasion and migration of TC.

It is well known that the invasion of TC is regulated by a series 
of factors of the trophoblast and the autocrine or paracrine 
uterine cells [37, 38]. For example, villous trophoblast cells se-
crete MMPs to infiltrate the maternal uterus and mediate cells-
to-cell adhesion and migration. Among members of the MMP 
family, MMP-2 and MMP-9 are the most studied and play the 
most important roles in trophoblast cell invasion [39–41]. Its 
inhibitory factor, TIMPs, inhibits invasion [42,43]. To test our 
hypothesis, we studied the impact of si-BRIT1 on the activ-
ities of MMP-2, MMP-9, TIMP-1, and TIMP-2 in TC. Our data 
show that BRIT1 siRNA-2 apparently boosted pro-MMP-2 and 
pro-MMP-9 activities and increased the expression of MMP-2 
and MMP-9, but depressed TIMP-1 and TIMP-2 expression in 
HTR8/SVneo cells. These findings show that knockdown of 
BRIT1 accelerates cell invasion via the up-regulation of MMPs 
and the down-regulation of TIMPs.

Mounting evidence has validated that the Wnt/b-catenin path-
way participates in the regulation of the trophoblast cells inva-
sion process [44,45]. In HTR8/SVneo cells, Zuo Q et al. showed 
that SPRY4-IT1 over-expression inhibits the capacities of in-
vasion and migration through down-regulating Wnt/b-catenin 
signaling [45], and Rao et al. have confirmed that SATB1 si-
lencing attenuates invasion and migration via the suppression 
of Wnt/b-catenin signaling [44]. Here, we hypothesized that 
the mechanism by which BRIT1 affects HTR8/SVneo cells was 
Wnt/b-catenin signaling. Our Western blotting data revealed 
BRIT1 siRNA-2 dramatically up-regulated the levels of Wnt2, 
Wnt3, and b-catenin in HTR8/SVneo cells. This result suggests 
that silencing of BRIT1 facilitated the invasion and migration 
of TC by stimulating Wnt/b-catenin signaling.

Conclusions

Our results show that BRIT1 had higher expression in human 
normal TC compared to choriocarcinoma cells. Moreover, 
silencing of BRIT1 strengthened the abilities of invasiveness 
and migration in TC, accompanied by down-regulating TIMPs 
expression, but up-regulating MMPs expression and Wnt/b-
catenin signaling. These findings may provide a new insight 
for discovery of a new molecular target to cure disease caused 
by insufficient invasion of TC.
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