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Background: Hydatidiform mole (HM) is a common pregnancy disease among women of gestational age. Twist-related protein
1 (Twist-1) is involved in the development of various tumors, but its role in HM is poorly defined. This study aimed to explore
Twist-1 expression and its biological function in HM cells.

Methods: Twist-1 expression in HM was detected by immunohistochemistry and quantitative real-time polymerase chain reaction
(qRT-PCR). The effects of silencing Twist-1 on choriocarcinoma (CCA) cell proliferation were detected by cell counting kit-8
(CCK-8) and clone formation assays. CCA cell migration and invasion were detected through transwell assay. Western blot was
used to detect epithelial-mesenchymal transition (EMT) and the expression of phosphatidylinositol 3-kinase/protein kinase B
(PI3K/AKT) pathway-related proteins.

Results: Twist-1 expression was upregulated in HM tissues (p < 0.001) and CCA cells (p < 0.01). Twist-1 silencing inhibited
proliferation of BeWo and JAR cells (p < 0.01, p < 0.05) as shown by CCK-8 assay (p < 0.01) and clone formation assays (p <
0.01, p < 0.05). Twist-1 silencing inhibited the migration (p < 0.01) and invasion activity (p < 0.01, p < 0.05) of BeWo and JAR
cells. Western blot results showed that Twist-1 silencing promoted E-cadherin (p < 0.01) expression, and inhibited N-cadherin (p
< 0.01, p < 0.05) and vimentin (p < 0.01, p < 0.05) expression in BeWo and JAR cells. Twist-1 downregulation decreased protein
levels of p-PI3K (p < 0.01) and p-AKT (p < 0.01, p < 0.05) in BeWo and JAR cells.

Conclusions: Silencing Twist-1 inhibits the malignant behavior of CCA cells, which may play a part by inhibiting the EMT
process and the PI3K/AKT pathway.
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Introduction

Gestational trophoblastic disease (GTD) is a group
of pregnancy-related diseases originating from abnormal
proliferation of placental trophoblastic epithelial cells [1],
including hydatidiform mole (HM), invasive hydatidiform
mole, choriocarcinoma (CCA), and epithelioid trophoblas-
tic tumors [2—4]. HM, as the most common GTD, is char-
acterized by placental villus edema and abnormal hyperpla-
sia of trophoblast, and includes complete HMs (CHMs) and
partial HMs (PHMs) based on the degree of trophoblastic
proliferation of placental villi [5]. Approximately 1% to
5% of PHMs and 18% to 29% of CHMs will progress to
gestational trophoblastic tumors (GTNs) [6]. Almost all in-
vasive hydatidiform moles and 50% of CCAs involve ma-
lignant transformation from a HM [7]. HM patients with
malignant transformation have poor prognosis, which poses
a great threat to their physical and mental health. At present,
the gold standard for the diagnosis of HM malignant trans-
formation patients in clinical practice is pathological exam-
ination [8]; however, there is a lack of means to predict ma-
lignant transformation. Therefore, finding effective meth-

ods to predict the occurrence of malignant transformation in
HM patients has important clinical significance for a com-
prehensive understanding of the patient’s condition and the
formulation of treatment plans.

Twist-related protein 1 (Twist-1) is widely expressed
in mesodermal tissues and cells, and regulates cell migra-
tion during embryonic growth and development [9]. Twist-
1 is involved in many biological processes, including cell
differentiation, embryonic development as well as tumori-
genesis, and is significantly expressed in carcinosarcoma
[10]. The expression of Twist-1 is significantly increased
in common malignant tumors, and upregulation of Twist-1
leads to poor prognosis of cancer patients [11-14]. Twist-
1 is also involved in epithelial-mesenchymal transition
(EMT) processes such as gastrula formation, neural crest
migration, placenta formation, mesoderm formation, and
trophoblastic differentiation [15]. The elevated Twist-1 ex-
pression in HM villous stromal cells is a sensitive and spe-
cific marker of CHMs/PHMs differentiation [16]. How-
ever, the underlying mechanisms of Twist-1 activity in HM
remain unclear.
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In this study, the expression of Twist-1 in HM and nor-
mal tissues was detected. The function experiments were
introduced to explore the role of Twist-1 in HM develop-
ment, thus providing a diagnostic index for early diagnosis
of HM.

Materials and Methods

Sample Collection

Twenty HM tissues and thirty normal placental tis-
sues were collected from Jinan Maternity and Child Care
Hospital. All patients signed the informed consent. This
study was approved by the ethics committees of Jinan Ma-
ternity and Child Care Hospital (N0.2023-1-015), and was
conducted according to the principles of the Declaration of
Helsinki (2013) [17].

Immunohistochemistry (IHC)

The formalin-fixed, paraffin-embedded HM tissue
was first dewaxed and rehydrated, then, antigen repair
was performed by washing with phosphate-buffered saline
(PBS) three times. The HM tissue was blocked with 5%
bovine serum albumin (BSA) in PBS for 1 hour. Rabbit
anti-Twist-1 antibody (ab175430, dilution: 1:500, Abcam,
Cambridge, UK) was incubated at 4 °C overnight. Tis-
sues were incubated with anti-rabbit HRP-conjugated sec-
ondary antibodies (A-11011, 1:1000, Invitrogen, Los An-
geles, CA, USA). The sections were stained using DAB
(D8001, Sigma, Saint Louis, MO, USA) and hematoxylin
(H3136, Sigma, Saint Louis, MO, USA). Samples were
visualized under the microscope (CCD TP510, OPTEC,
Chongqing, China). PBS instead of primary antibody was
used as a negative control.

The results of each immunohistochemically stained
tissue chip were evaluated by the double-blind method. The
staining intensity was classified as follows: 3, brown cells;
2, brownish yellow cells; 1, light yellow cells; 0, unstained
cells. The classification of proportion of stained cells is as
follows: 4, >75%; 3, 50%—75%; 2, 25%—50%; 1, 10%—
25%; 0, <10%. The score = stained cell proportion x stain-
ing intensity. >3 indicates positive expression, while <3
indicates negative expression.

Western Blotting Assay

Total protein was extracted from the collected cells us-
ing radioimmunoprecipitation assay (RIPA). Protein con-
centration was determined using bicinchoninic acid assay
(BCA) kit (P0010S, Beyotime, Shanghai, China). 40 ug
of protein was sampled, and transferred to PVDF mem-
branes (IPVH00010, Millipore, MA, USA) after 10% SDS-
PAGE electrophoresis. Then the membranes were blocked
for 2 h in 5% skim milk powder, incubated in primary an-
tibodies at 4 °C overnight. Next, the membranes were in-
cubated with goat polyclonal anti-rabbit immunoglobulin
G (IgG) H&L secondary antibody (31460, 1;10000, Invit-
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rogen, Los Angeles, CA, USA) at 37 °C for 1 h. After
washing, the proteins were developed using ECL reagent
(E412-02, Vazyme, Jiangsu, China), and the images were
captured under the protein imager (ChemiDocTM XRS+,
Bio-Rad, Berkeley, CA, USA). The grayscale value of the
blot was quantified with ImageJ software (V1.8.0, National
Institutes of Health, Bethesda, MD, USA). The antibodies
employed are as follows: anti-E-cadherin (1:1000, 20874-
1-AP, Proteintech, Wuhan, China), anti-vimentin (1:500,
10366-1-AP, Proteintech, Wuhan, China), anti-N-Cadherin
(1:1000, 22018-1-AP, Proteintech, Wuhan, China), anti-
phosphatidylinositol 3-kinase (PI3K) (1:1000, 60225-1-
Ig, Proteintech, Wuhan, China), anti-p-PI3K (1:1000, #
42288, Cell Signaling Technology, Boston, MA, USA),
anti-protein kinase B (AKT) (1:5000, ab38449, Abcam,
Cambridge, UK), anti-p-AKT (1:5000, ab8933, Abcam,
Cambridge, UK) and anti-glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) (1:5000, 60004-1-Ig, Proteintech,
Wuhan, China).

Cell Culture and Transfection

The human CCA cell line BeWo (XY-XB-1533), JAR
(XY-XB-1301), and the normal extravillous trophoblast cell
line (TEV-1; XY-XB-2471), were obtained from Xuanya
Biotechnology Co., Ltd. (Shanghai, China). Both cell types
were maintained in RPMI 1640 supplemented with 10% fe-
tal bovine serum (FBS; BC-SE-FBS08, Biochannel, Nan-
jing, China). All cells were tested for mycoplasma and con-
firmed to be uncontaminated. The cell lines used were iden-
tified by short tandem repeat (STR) identification.

Transfection was performed using si-Twist-1 and non-
targeted siRNA (si-NC) at 10 nM by using Lipofectamine
2000 (11668019, Invitrogen, Los Angeles, CA, USA). All
of the siRNAs were chemically synthesized by Shang-
hai GenePharma Co., Ltd. (Shanghai, China). The
sequences of siRNA as following: si-Twist-1 forward,
5’-CCUCUGCAUUCUGAUAGAAJATAT-3’, reverse, 5'-
UUCUAUCAGAAUGCAGAGG TdTd-3’; si-NC forward,
5'-CAUUCUCCUCUGGAUAGAAJATAT-3’, reverse, 5'-
CAGAGUUCUAUCAGAAUGG TdTd-3'.

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

Total RNA was extracted using TRIzol Reagent
(15596-026, Invitrogen, Los Angeles, CA, USA). 0.5
png of total RNA was used to synthesize cDNA along
with a reverse transcription kit (TaKaRa, Tokyo, Japan).
The PCR amplification reaction was conducted by Trans
Start®Green qPCR Super Mix (TaKaRa, Tokyo, Japan)
on an ABI 7500 fluorescence Quantitative PCR sys-
tem (ABI 7500, Life Technologies, Carlsbad, CA,
USA). The 2724 method was used to calculate
mRNA expression levels. The primers are listed below:
Twist-1-F: 5'-GGCTCAGCTACGCCTTCTC-3’, Twist-1-
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Fig. 1. Twist-1 was highly expressed in HM tissues and CCA cells. (A) The mRNA expression of Twist-1 was examined in fresh 20
HM tissues and 30 normal placental tissues. (B) The mRNA expression of Twist-1 was examined in HM cells (n = 3). (C) The expression
of Twist-1 was examined by IHC (n = 3). ***p < 0.001, **p < 0.01. Twist-1, Twist-related protein 1; HM, hydatidiform mole; CCA,

choriocarcinoma; IHC, immunohistochemistry.

R: 5-TCCTTCTCTGGAAACAATGACA-3’; GAPDH-
F: 5-GGATTTGGTCGTATTGGG-3’, GAPDH-R: 5'-
GGAAGATGGTGATGGGATT-3'.

Colony Formation Assay

The cells of each group were incubated in an incuba-
tor for 7-14 days. During the culture, the fluid was changed
periodically as appropriate. Cultures were terminated when
single-cell clonal colonies had grown to approximately 50
cells/colony or the size of a macroscopically small rice
grain. Cells were fixed with 4% paraformaldehyde (P0099,
Beyotime, Shanghai, China). After staining with 1% crystal
violet (C0121, Beyotime, Shanghai, China) for 10 min, the
size of individual colonies in well plates was observed un-
der a microscope (MODEL ECLIPSE Ts2, Nikon, Tokyo,
Japan) and counted.

CCK-8 Assay

Cell viability was measured every 24 hours with cell
counting kit-8 (CCK-8) reagent. After incubation, optical
density was estimated at 450 nm using a microplate reader
(IX31; Olympus, Tokyo, Japan).

Transwell Assay

After transfection for 48 h, 8-um pore size culture in-
serts were used for the migration assay. Chambers with Ma-
trigel were used for the invasion assay. 3 x 10* BeWo and
JAR cells were added in the upper chamber. A total of 600
puL of medium was added to the lower chambers. After 24 h,
cells that had transgressed to the bottom were stained with
0.1% crystal violet. The cells were photographed under a
light microscope.

Statistical Methods

The data were expressed as mean = SD. SPSS 22.0
(IBM Corp., Armonk, NY, USA) was used to analyze data,
differences between two groups were analyzed using ¢ tests
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and differences between >2 groups were tested with one-
way analysis of variance. p < 0.05 were considered statis-
tically significant.

Results

Upregulation of Twist-1 in HM Tissues and CCA
Cells

The expression of Twist-1 in HM was estimated
by quantitative real-time polymerase chain reaction (qQRT-
PCR). Twist-1 had significantly higher expression in the
fresh 20 HM tissues than in the 30 normal placental tissues
(Fig. 1A, p < 0.001). Meanwhile, the expression of Twist-
1 in BeWo and JAR cells was elevated compared to TEV-
1 cells (Fig. 1B, p < 0.01). To further visualize Twist-1
expression in trophoblastic tissues, immunohistochemistry
(IHC) was performed in 20 HM tissues and 30 normal pla-
cental tissues. The above findings were confirmed by IHC,
which indicate that Twist-1 is highly expressed compared
to normal placental tissue (Fig. 1C, p < 0.01).

Silencing of Twist-1 Regulated CCA Cell
Proliferation

To determine how Twist-1 affected proliferation of
HM, changes in cell viability and colony formation after
inhibition of Twist-1 expression were observed. First, the
transfection efficiency of Twist-1 siRNA was checked us-
ing qRT-PCR, which validated the expected Twist-1 expres-
sion (Fig. 2A, p < 0.01, p < 0.05). The data from the CCK-
8 assay indicated that proliferation of CCA cells in the si-
Twist-1 group decreased versus the si-NC group (Fig. 2B,C,
p < 0.01). Plate cloning found that the colony formation
ability of CCA cells in the si-Twist-1 group also decreased
versus the si-NC group (Fig. 2D,E, p < 0.01, p < 0.05).

The Downregulation of Twist-1 Inhibited CCA Cell
Migration and Invasion

Next, the effect of Twist-1 on cell metastasis was in-
vestigated in CCA. Knockdown of Twist-1 restrained mi-
gration of BeWo and JAR cells (p < 0.01, Fig. 3A). More-
over, Twist-1 downregulation suppressed CCA cell inva-
sion (p < 0.05, p < 0.01, Fig. 3B). Additionally, protein
levels of EMT markers were compared in BeWo and JAR
cells containing Twist-1 siRNA. Downregulation of Twist-
1 lowered vimentin (p < 0.01, p < 0.05) and N-cadherin (p
< 0.01, p < 0.05) expression and increased E-cadherin ex-
pression (p < 0.01, Fig. 3C). Overall, these findings imply
that Twist-1 silencing could impair the metastatic behavior
of CCA cells.

The Downregulation of Twist-1 Regulated the
PI3K/AKT Pathway in CCA Cells

First, si-NC or si-Twist-1 was transfected into CCA
cells. Western blot assay suggested that downregulation of
Twist-1 restrained p-PI3K (p < 0.01) and p-AKT (p < 0.01,
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p < 0.05) expressions in BeWo and JAR cells (Fig. 4A,B).
Thus, Twist-1 downregulation blocks the PI3K/AKT path-
way.

Discussion

Although HM is a benign trophoblastic disease, it has
a high probability of malignant transformation, especially
CHMs, which have a 15% probability of malignant trans-
formation, posing a great threat to the life of patients [18].
Currently, the clinical treatment of GTD is carried out by
surgery and chemotherapy. However, the prognosis of pa-
tients varies greatly relying on the severity of disease di-
agnosis and on treatment strategy. The early diagnosis of
GTD is the key to clinical treatment. The determination of
B-human chorionic gonadotropin (hCG) levels is the main
basis for clinical diagnosis of whether HM has transformed
into invasive HM [1,19]. Therefore, searching for tumor
markers that are more closely related to the malignant trans-
formation of HM is the key to early diagnosis of trophoblas-
tic tumors.

Twist-1, shown to be a carcinogenic agent, has been
highly expressed in malignant tumors. For example, Twist-
1 is upregulated in pancreatic cancer and promotes the aer-
obic glycolysis of tumor cells through transcriptional reg-
ulation [20]. Additionally, the highly expressed Twistl
is an active regulator of proliferation and EMT in breast
cancer [21,22]. Here, we demonstrated the diverse onco-
genic properties of Twist-1 and its expression in HM. In
this study, Twist-1 has higher expression in the HM tis-
sues than the normal placental tissues, which is consistent
with previous literature reports [16]. Malignant prolifera-
tion, invasion and migration of tumor cells are important
causes of tumor metastasis, and EMT is an early indicator
of tumor metastasis [23]. Twist-1, as a significant regulator
of cell metastasis and EMT of tumors, has attracted exten-
sive attention in recent years [24,25]. The overexpression
of Twist-1 is sufficient to enable cancer cells to obtain a
mesenchymal phenotype with enhanced migration and in-
vasion characteristics [26,27]. For the first time, this study
reported that Twist-1 silencing could inhibit the EMT pro-
cess, which was consistent with the results involving cell in-
vasion and migration, and suggested that Twist-1 silencing
could inhibit CCA cell metastasis. Moreover, interference
with Twist-1 in BeWo and JAR cells inhibited cell prolifer-
ation in vitro. Consistent with the results of other studies,
our data reveal the vital roles of Twist-1 in the EMT and
metastasis of HM, and indicate that Twist-1 and PI3K/AKT
pathway may be potential molecular targets for exploring
better treatment against HM.

The PI3K/AKT pathway plays critical roles in cell bi-
ological processes, including angiogenesis, proliferation,
and apoptosis progression, by influencing the activation
states of multiple downstream effectors [28—30]. A previ-
ous study implied that Twist-1 plays a role in drug resis-
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Fig. 2. Twist-1 silencing restrained CCA cell proliferation in vitro. (A) Twist-1 expression was observed in BeWo and JAR cells (n =
3). (B-E) The CCA cell proliferation was investigated by CCK-8 and Colony formation assay (n = 3). **p < 0.01, *p < 0.05. CCK-8,
cell counting kit-8; si-NC, non-targeted siRNA.
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Fig. 3. Twist-1 silencing suppressed CCA cell migration and invasion. (A,B) The invasion and migration of CCA cells were assessed
by transwell assay (n = 3). (C) The EMT was detected by Western blot (n = 3). **p < 0.01, *p < 0.05. EMT, epithelial-mesenchymal
transition; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

tance in chronic myelogenous leukemia by acting on the
PI3K/AKT pathway [31]. Recently, a large number of stud-
ies have confirmed the role of the PI3K/AKT signaling

pathway in the infiltration and proliferation of trophoblast
cells [32,33]. Similarly, we found the phosphorylation level
of PI3K and AKT decreased when Twist-1 was downreg-
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kinase/protein kinase B (PI3K/AKT) pathway. (A,B) The pro-
tein levels were determined in BeWo and JAR cells by Western
blot assay (n = 3). **p < 0.01, *p < 0.05.

ulated. Twist-1 might affect HM progression by inducing
EMT and PI3K/AKT pathways, but the specific mechanism
of its participation and regulation in the process needs fur-
ther study.

Conclusions

In summary, Twist-1 expression is up-regulated in
HM tissues and CCA cells, interfering with Twist-1 expres-
sion inhibits the malignant behavior of CCA cells. In addi-
tion, interfering with Twist-1 expression inhibits EMT and
the PI3K/AKT pathway in HM. This may provide new re-
search hotspots for the occurrence and development mech-
anism of HM. However, the occurrence and development
mechanism of HM are relatively complex and cannot be
fully verified through a single in vitro cell experiment, thus
requiring further support through analysis of additional ex-
perimental data.
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