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Abstract. B cell receptor associated protein 31 (BAP31) is a 
member of the B cell receptor that functions as a transporter 
for numerous types of newly formed proteins from the endo‑
plasmic reticulum to the Golgi apparatus. Previous studies 
found that that BAP31 serves an important role in the patho‑
genesis of malignancy but its specific effect on ovarian cancer 
is not clear. The present study aimed to investigate whether 
BAP31 affects ovarian cancer and its underlying mechanism. 
In the present study, ovarian cancer tissue, human ovarian 
normal epithelial cell line IOSE80 and five ovarian cancer cell 
lines (A2780, Hey‑T30, COC1, SKOV3 and OVCAR3) under‑
went reverse transcription‑quantitative PCR, western blotting, 
Cell Counting Kit‑8, Transwell and co‑immunoprecipitation 
(Co‑IP) assay and transcriptome sequencing. Previous studies 
showed that compared with healthy tissues, the expression 
level of BAP31 protein was found to be significantly higher 
in various types of cancer tissues, implying that BAP31 may 
serve an important role in the pathogenesis of cancer. The 
present study found that BAP31 expression was upregulated 
in five ovarian cancer cell lines and ovarian cancer tissue, 
such that BAP31 knockdown [performed using two short 
hairpin (sh)RNA plasmids] decreased proliferation, invasion 
and migration. In addition, BAP31 knockdown was found to 
downregulate the expression of N‑cadherin and upregulate the 
expression of E‑cadherin on transcriptional level by control‑
ling the nuclear aggregation of TWIST1, a transcriptional 
regulator of N‑cadherin and E‑cadherin. There was no inter‑
action between BAP31 and E‑cadherin or N‑cadherin using 
Co‑IP detection, while BAP31, E‑cadherin and N‑cadherin 
interacted with TWIST1 protein. E‑cadherin and N‑cadherin 
expression levels recovered when TWIST1 was overexpressed 

in the shBCAP31 cells. These results suggest that BAP31 can 
regulate the migration and invasion of ovarian cancer cells 
through the epithelial‑mesenchymal transition pathway at the 
transcriptional level, which may be beneficial for the identifi‑
cation of potentially novel targets for ovarian cancer therapy.

Introduction

Ovarian cancer is a common malignancy of the female repro‑
ductive system with a high mortality rate  (1). In the USA, 
>15,000 patients die of ovarian cancer and there are 20,000 new 
diagnosed patients each year (2). The most common type of 
ovarian cancer is epithelial ovarian cancer, also known as 
ovarian carcinoma (3). Due to the lack of effective screening 
methods, patients are frequently already in the advanced 
stages of ovarian cancer at the time of diagnosis, where exten‑
sive metastasis into the abdominal cavity is the main cause 
of mortality (4,5). The 5‑year survival rate of patients with 
ovarian cancer remains only at 60% though progress has been 
made in the development of novel chemotherapeutic strate‑
gies (6). Therefore, it is important to understand the process of 
ovarian cancer tumorigenesis and metastasis on a deeper level. 
In the study of the basic underlying mechanism underlying 
ovarian cancer progression, it was previously found that altera‑
tions in the expression profiles of cytokines, such as VEGF 
and TNF‑α, can be used to reflect the status of abnormal 
proliferation or apoptosis in ovarian germinal epithelial cells, 
where they can contribute to the occurrence and development 
of ovarian cancer cells (7).

B cell receptor associated protein 31 (BAP31 for protein; 
BCAP31 for gene) was first identified by Kim et al (8) in 1994. 
Due to its selective binding to membrane immunoglobulin D, it 
is considered to be a member of the B cell receptor (9,10). There 
are two primary functions of the BAP31 protein: i) To mediate 
the transport of numerous types of newly formed proteins 
from the endoplasmic reticulum (ER) to the Golgi apparatus 
as a carrier molecule (10); and ii)  to regulate apoptosis. In 
particular, BAP31 is involved in regulating apoptosis mediated 
by Bcl‑2 and Bcl‑XL (11). The BCAP31 gene is located in the 
q28 open reading frame of the X chromosome that is 738‑bp in 
length and encodes 246 amino acids. The molecular weight of 
the mature BAP31 protein product is 28 KDa (9,10). BAP31 is 
an endoplasmic reticulum (ER) protein where its N‑terminus 
is located in the ER lumen and contains three transmembrane 
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domains, which serve to promote anchoring to the ER (11,12). 
By contrast, the C‑terminus is located in the cytoplasm, where 
it mediates protein‑protein interaction and is the area where 
BAP31 mainly performs its protein transport and apoptosis 
regulation functions (11,12). As a carrier protein, BAP31 serves 
an important role in apoptosis (11,13). Compared with those in 
adjacent non‑cancerous tissues, the expression levels of BAP31 
protein were persistently found to be significantly upregulated 
in malignant melanoma, hepatocellular carcinoma or cervical 
cancer tissues (14‑16). These previous observations suggested 
that BAP31 may serve an important role in the pathogenesis 
of malignancies. In particular, it has been previously demon‑
strated that BAP31 may be an ideal target for immunotherapy 
of malignant melanoma (14). The expression levels of BAP31 
in colorectal cancer has also been found to be positively 
associated with the degree of liver metastasis. However, the 
survival rate of patients with colorectal cancer with lower 
expression levels of BAP31 is significantly lower (17). In addi‑
tion, BAP31 expression has been revealed to be upregulated 
during the progression of cervical cancer into the metastatic 
stages (16‑18). However, the expression profile and role of 
BAP31 in ovarian cancer remain unknown.

Epithelial‑to‑mesenchymal transition (EMT) is a devel‑
opmental cell program that naturally occurs in a broad range 
of tissue types and developmental stages (19). During EMT, 
epithelial cells temporarily could lose their cell polarity and 
exhibit the characteristics of mesenchymal cells with increased 
migratory and invasive phenotypes  (20). Downregulation 
of E‑cadherin expression and the concomitant upregulation 
of N‑cadherin expression are considered to be key events 
during EMT (21). Downregulation of E‑cadherin expression 
has been found in esophageal and prostate cancer  (22,23). 
The internal‑to‑external signaling mechanism that regu‑
lates the adhesive activity of E‑cadherin present on the cell 
surface is important in cancer (13,24). Loss of cell adhesion 
and cell junctions formed by E‑cadherin anchoring allows 
cells to detach from the primary tumor, invade surrounding 
tissues and migrate to distant tissues (24). Previous studies 
have demonstrated the role of E‑cadherin and N‑cadherin 
in non‑small cell lung, colorectal and pancreatic cancer and 
melanoma invasion and metastasis and how they synergisti‑
cally contribute to signaling pathways involved in EMT (21), 
such as TGF‑β  (13,25), MAPK  (26) or JAK/STAT  (27). 
Compared with the suppressive role of E‑cadherin on cell 
migration, N‑cadherin enhances the migration and invasion of 
tumor cells, irrespective of the expression of E‑cadherin (28). 
Numerous previous studies found that increased expression of 
N‑cadherin can enhance the migratory and invasive capabili‑
ties of multiple types of cancer cells in vivo and in vitro, such 
as bladder (29) and pancreatic cancer (30).

The transcriptional inhibition of E‑cadherin and the upreg‑
ulation of N‑cadherin i.e. the cadherin switch is considered to 
be a marker of EMT (21). This is mediated by transcription 
factors (TFs), including the snail family (Snai1, Snai2/Slug and 
Snai3/Smuc), zinc finger E‑box‑binding homeobox 1 (Zeb)1, 
Zeb2 proteins, TWIST1 and TWIST2 (31). TWIST is essential 
for a number of biological processes, including myogenesis (32), 
osteogenesis (33) and neurogenesis (34). In addition to its role 
in normal physiological development, TWIST has also been 
found to be upregulated in a number of cancer types, such as 

breast and lung cancer (35,36). In these cancer types, TWIST 
expression is associated with poor prognosis, higher grade 
tumors and more invasive and metastatic phenotypes  (31). 
Vertebrate animals express two types of TWIST, which 
encode two similar proteins that share 90% homology, named 
TWIST1 AND TWIST2 (37). TWIST1 serves an important 
role in cell migration and tissue reorganization during embryo 
formation (38). Studies have previously reported that the Twist1 
gene and its expression products are expressed in a variety of 
tumor tissues and cells, including rhabdomyosarcoma, breast 
cancer, gastric cancer, fibroblastoma, glioma and pancreatic 
adenocarcinoma (39‑41). Activated Twist enhances the migra‑
tion and invasion of cells by upregulating N‑cadherin whilst 
downregulating E‑cadherin (42).

Based on all the aforementioned findings, BAP31 may 
serve an important role in the progress of cancer; however, 
its function in ovarian cancer is not clear. The present study 
investigated the role of BAP31 involved in ovarian cancer 
cell invasion and its underlying mechanism. A BAP31 
knockdown model was established, and cell proliferation, 
migration and invasion ability was assessed. In addition, 
downstream genes of BAP31were investigated to elucidate 
the underly mechanisms.

Materials and methods

Clinical samples. The present study was approved by the 
Ethics Committees of China‑Japan Friendship Hospital 
(approval no.  2020‑28‑K20; Beijing, China) and written 
informed consents were obtained from all participants. 
Frozen resected surgical tissue from 10 female patients with 
ovarian cancer with an average age of 59.1±8.3 years old were 
enrollment from June 2018 to March 2020 collected from 
Department of Gynecology and Obstetrics, China‑Japan 
Friendship Hospital (Beijing, China). All pathological speci‑
mens collected during primary surgery or before neoadjuvant 
chemotherapy were analyzed by an expert gynecological 
pathologist according to the guidelines of the World Health 
Organization (WHO) International Classification of Ovarian 
Tumors  (43). The inclusion and exclusion criteria are as 
follows: Inclusion criteria: Patients with complete clinical 
data. Exclusion criteria: i) Patients who received chemo‑
therapy or radiation therapy and ii) patients with missing 
clinical data. None of the patients recruited in the present 
study received chemotherapy or radiation therapy before the 
specimens were collected.

Immunohistochemistry (IHC). A total of 10 tissue samples 
from patients with ovarian cancer were immersed in 4% para‑
formaldehyde for 4 h at room temperature and assembled 
into a tissue microarray (diameter, 2 mm). After cutting to a 
thickness of 5 µm, paraffin sections were deparaffinized in 
xylene for 5 min twice, followed by hydration in a descending 
ethanol series (100, 100, 90, 80 and 70%), and rinsed in 
distilled water. The paraffin sections were heat‑treated with 
EDTA antigen retrieval solution (pH, 8.0; cat. no. ZLI‑9079; 
OriGene Technologies, Inc.) for 20  min at  98˚C Paraffin 
sections were incubated in 3% hydrogen peroxide for 10 min 
at 37˚C for endogenous peroxidase blocking, washed twice 
with PBS (pH  7.4; 5  min; room temperature), and then 
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blocked with normal goat serum for 20 min at room tempera‑
ture (cat. no. ab7481; Abcam). Incubation with anti‑BAP31 
(cat. no. ab237485; Abcam; 1:1,000) was performed overnight 
at 4˚C. Sections were then incubated with the secondary anti‑
body for 1 h at room temperature (cat. no. ZB‑2301; 1:5,000; 
OriGene Technologies, Inc.). Between each step, the sections 
were washed three times with PBS (pH 7.4). Coloration with 
3,3‑diaminobenzidin (1 mg/ml) was performed in the dark 
for 5 min at room temperature, followed by counterstaining 
with hematoxylin (8 mg/ml) for 5 min at room temperature. 
Between each staining, the sections were washed three times 
with tap water. BAP31‑positive ovarian cancer tissue served as 
a positive control and tissue incubated with 10% pre‑immune 
rabbit serum overnight at  4˚C as a negative control. The 
stained slides were examined using an Olympus DP70 light 
microscope (Olympus Corporation; magnification, x20).

Cell culture. Human ovarian normal epithelial cell line 
IOSE80 and five ovarian cancer cell lines (A2780, Hey‑T30, 
COC1, SKOV3 and OVCAR3) were obtained from the BeNa 
Culture Collection; Beijing Beina Chuanglian Biotechnology 
Research Institute. Mycoplasma testing was performed for all 
cell lines used, and cell lines were tested and identified using 
short tandem repeats. All cell lines were cultured in DMEM 
supplemented with 10% FBS (ProSpec‑Tany TechnoGene, 
Ltd.) and 100 mg/ml penicillin/streptomycin (ProSpec‑Tany 
TechnoGene, Ltd.). Cells were cultured in a humidified 
5% CO2 atmosphere at 37˚C.

Cell transfection. BCAP31 shRNA lentiviral transduction 
particles and shRNA negative control (shCtrl) transduction 
particles were purchased from Sigma‑Aldrich; Merck KGaA. 
The sequences of shRNA vectors (pLKO.1; Sigma-Aldrich; 
Merck KGaA) that targeted BCAP31 were 5'‑CCG​GCA​TGG​
ACA​AGA​AGG​AAG​AGT​ACT​CGA​GTA​CTC​TTC​CTT​CTT​G 
TC​CAT​​GTT​TTT​TG-3' [shBCAP31-1, The RNAi Consortium 
(TRC) no. TRCN0000179092] and 5'‑CCG​GCC​TAT​GGC​AAC​
ACC​TTC​TTT​GCT​CGA​GCA​AAG​AAG​GTG​TTG​CCA​TAG​
GTT​TTT​G‑3' (shBCAP31-2, TRC no. TRCN0000242709). The 
vector shRNA negative control (shCtrl) was purchased form 
Sigma‑Aldrich (MISSION® SHC016‑1EA; Merck KGaA) and 
contained shRNA insert that does not target any known genes 
from any species. The BCAP31 shRNA lentiviral plasmid 
or shRNA negative control plasmid and pPACK Packaging 
Plasmid mix (cat. no. K497500; Invitrogen; Thermo Fisher 
Scientific, Inc.) were co‑transfected into the healthy digested 
293T cells (Type Culture Collection of Chinese Academy 
of Sciences, Shanghai, China) using Lipofectamine® 3000 
(cat. no. L3000‑015; Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C. The medium was replaced at 8 h and cultivation 
was continued until 48 h. The supernatant of each culture was 
collected for centrifugation at 4,000 x g and 4˚C for 10 min to 
remove cell debris, followed by further filtration with A filter 
(0.45 µm) to obtain concentrated lentivirus solution. The virus 
suspension was added to the A2780 and Hey‑T30 cells medium 
for transfection at a concentration of 1.5x107 international 
units (IU). The cells were harvested at 2 days post‑transduction 
for proliferation, migration and invasion assays, or at 4 days 
post‑transduction for reverse transcription‑quantitative (RT‑q)
PCR or western blot analysis.

BCAP31 small interfering (si)RNA (siRNA IID. 138059), 
SNAI1 siRNA (siRNA  IID. 107915), SNAI2 siRNA 
(siRNA IID. 106954), ZEB1 siRNA (siRNA IID. 109651), 
ZEB2 siRNA (siRNA  IID. 108632), TWIST1 siRNA 
(siRNA ID. 106119), TWIST2 siRNA (siRNA IID. 114998) 
and control siRNA (siCtrl; cat. no. AM4641) were purchased 
from Invitrogen,(silencer®, Thermo Fisher Scientific, Inc.). 
Then, 50 nmol/l siRNA sequences and recombinant lentivirus 
(BCAP31‑shRNA1, BCAP31‑shRNA 2 and shRNA‑NC) were 
transfected into A2780 cells using the Lipofectamine® 3000 
reagent (cat.  no.  L3000‑015; Invitrogen; Thermo  Fisher 
Scientific, Inc.), shBCAP cell lines and siRNA cell lines were 
obtained after 48 h.

RNA extracted from A2780 was reverse transcribed to 
cDNA using PrimeScript™ RT Master Mix (Perfect Real 
Time; cat. no. RR036A; Takara Bio, Inc.) as follows: 25˚C 
for 2 min, 42˚C for 50 min and 75˚C for 15 min. PrimeSTAR 
HS DNA Polymerase (cat. no. R010B; Takara Bio, Inc.) was 
used for PCR reaction with the primers listed in Table  I. 
TWIST1 cDNA was cloned into the pcDNA3.1 vector 
(Generay Biotech Co., Ltd.) to construct the expression vector 
pdTWIST. The successfully constructed expression vector 
pdTWIST (5 µg/µl) was transfected into shBCAP31 cells, and 
a shBCAP31 + TWIST1 cell line was obtained. Subsequent 
in vitro assays were performed 3 days post‑transfection. The 
empty pcDNA3.1 was transfected into A2780 cells to obtain 
an OE Ctrl cell line.

RNA extraction and RT‑qPCR). RNA was extracted from the 
cell lines (IOSE80, A2780, Hey‑T30, COC1, SKOV3, OVCAR3, 
shCtrl, shBCAP31‑1, shBCAP31‑2, shBCAP31 + OE WTIST1, 
OE Ctrl, OE TWIST1, siCtrl, siBCAP31 and siTWIST1) 
using QIAzol lysis reagent (Qiagen GmbH) and purified 
with a RNeasy mini kit (Qiagen GmbH). RNA was treated 
with DNase  I (New England BioLabs, Inc.) to remove 
genomic DNA. RNA quality and quantity were analyzed 
using a NanoDrop spectrophotometer (NanoDrop program 
1000 version 3.8.2; NanoDrop Technologies; Thermo Fisher 
Scientific, Inc.) and Bioanalyzer (Agilent, Technologies, Inc.). 
For RT‑qPCR, PrimeScript™ RT Master Mix (Perfect Real 
Time; cat. no. RR036A; Takara Bio, Inc.) was used to reverse 
transcribe 1,000 ng total RNA to cDNA in a final volume of 
20 µl. RT was performed as follows: 25˚C for 2 min, 42˚C for 
50 min and 75˚C for 15 min. qPCR was performed using SYBR 
Select Master mix (cat. no. 4472908; Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The primers used for BCAP31, 
cadherin (CDH)1, CDH2, vimentin (VIM), actin α2 (Acta2), 
SNAI1, SNAI2, ZEB1, ZEB2, TWIST1, TWIST2 and GAPDH 
are listed in Table I. QuantStudio™ 6 Flex Real‑Time PCR 
system (Thermo Fisher Scientific, Inc.) was used to collect 
RT‑qPCR data. The RT‑qPCR reaction included an initial 
denaturation step at 95˚C for 10 min, followed by 40 cycles 
at 93˚C for 15 sec and 60˚C for 1 min. Each sample was carried 
out in triplicate, and relative expression was calculated and 
normalized using the 2‑ΔΔCq method (44) relative to β‑actin.

Transcriptome sequencing. RNA was extracted from shCtrl, 
shBCAP31‑1 and shBCAP31‑2 cells using QIAzol lysis 
reagent (Qiagen, GmbH) and subsequently purified with a 
RNeasy mini kit (Qiagen, GmbH). Purified RNA was digested 
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with DNase I (New England Biolabs, Inc.) to remove residual 
genomic DNA. RNA quality and quantity were analyzed using 
a NanoDrop and Bioanalyzer respectively. RNA‑seq library 
preparation and sequencing were performed at the Beijing 
GeneX Health Co., Ltd. Libraries (300 bp) were constructed 
using a NuGen® Ovation human FFPE RNA‑seq multiplex 
system kit (cat. no. 1707160; Ovation® Ultralow System V2; 
Tecan Group., Ltd.). Directional mRNA‑seq was conducted 
using the HiSeq  2000 system (Illumina, Inc.) using the 
single‑read 100 cycles option. The nucleotide length to be 
sequenced was 300 bp, and double‑end pyrosequencing was 
performed with the read lengths of 150 bp for each end. The 
effective concentration of each library was quantified accu‑
rately by qPCR to ensure the quality of the library, and the 
library loading concentration was 2.2 pM. The resulting raw 
data were transformed into sequenced reads by base calling. 
The poor quality reads were filtered by fastq‑tools  v0.8 
(homes.cs.washington.edu/~dcjones/fastq‑tools/); clean reads 
were mapped to the reference genome by using HISAT2 
(ccb.jhu.edu/software/hisat2). DEGseq version 1.36.1was used 
to analyze differential expression genes (45). The differential 
expression genes were determined by Log2 fold change >2 and 
adjusted P‑value <0.05.

Nuclear and cytoplasmic fractionation of proteins. A nuclear 
and cytoplasmic protein extraction kit (Beyotime Institute 
of Biotechnology) was used to extract cytosolic and nuclear 
proteins from shCtrl, shBCAP31 and shBCAP31  +  OE 
TWIST1 cells according to manufacturer's protocol. All 
isolated fractions were analyzed by western blotting.

Western blotting. Cell lines (IOSE80, A2780, Hey‑T30, COC1, 
SKOV3, OVCAR3, shCtrl, shBCAP31‑1, shBCAP31‑2, siCtrl, 
shBCAP31 + OE TWIST, siBCAP31 and siTWIST1) were 
harvested and processed in lysis buffer [50 mM Tris‑HCl 
(pH, 7.4), 150 mM NaCl, 1% TritonX‑100, 0.2% SDS, 10 mM 

β‑mercaptoethanol and 5% glycerol] on ice before a BCA 
protein assay kit (Nanjing KeyGen Biotech Co., Ltd.) was 
utilized to quantify protein concentrations. Cell extracts 
were boiled for 5 min in loading buffer before equal amounts 
of protein (6‑10  µg) were separated via 10%  SDS‑PAGE. 
Separated protein bands were then transferred onto polyvi‑
nylidene fluoride membranes. The membranes were blocked 
in 5% skimmed milk powder in Tris‑buffered saline with 
0.1%Tween‑20 (TBST) for 1 h at 37˚C and subsequently incu‑
bated overnight at 4˚C with primary antibodies against BAP31 
(cat. no. ab237485; 1:3,000), N‑cadherin (cat. no. ab76057; 
1:1,000), E‑cadherin (cat.  no.  ab76055; 1:1,000), SNAI1 
(cat. no. ab216347; 1:1,000), SNAI2 (cat. no. ab27568; 1:1,000), 
ZEB1 (cat. no. ab203829; 1:500), ZEB2 (cat. no. ab138222; 
1:1,000), Twist1 (cat.  no.  ab175430; 1:1,500), Twist2 
(cat.  no.  ab66031; 1:2,000), VIM (cat.  no.  ab137321; 
1:2,000), α‑smooth muscle actin (α‑SMA; cat. no. ab32575; 
1:3,000), β‑tubulin (cat. no. ab210797; 1:1,000), Lamin B1 
(cat. no. ab133741; 1:2,000) and β‑actin (cat. no. ab115777; 
1:1,000). After washing with TBST three times, the membrane 
was incubated with a HRP‑conjugated goat anti‑rabbit 
secondary antibody (cat.  no.  ab7090; 1:10,000) at room 
temperature for 2 h. ECL Substrate kit (cat. no. 36222ES60; 
Shanghai Yeasen Biotechnology Co. Ltd.) was used to visu‑
alize the bands on the membrane. The primary and secondary 
antibodies were purchased from Abcam. All experiments were 
independently repeated ≥ three times.

In vitro proliferation, migration and invasion assays. Cell 
lines were used to detect the ability of proliferation, migration 
and invasion, including shCtrl, shBCAP31‑1, shBCAP31‑1 and 
shBCAP31 + OE TWIST1 cell lines.

Cell viability. The viability of cells was examined using Cell 
Counting Kit‑8 (CCK‑8) assays (Beijing Solarbio Science 
& Technology Co., Ltd.). Cells were seeded at a density 

Table I. Primer sequences used for reverse transcription‑quantitative PCR.

Gene name	 Forward, 5'→3'	 Reverse, 5'→3'

BAP31	 GCCACCTTCCTCTACGCAG	 GCCATAGGTCACTACCAACTC
CDH1	 TAACCGATCAGAATGAC	 TTTGTCAGGGACTCAGG
CDH2	 ATTGTGGGTG CGGGGCTTGG	 GGGTGTGGGGCTGCAGATCG
VIM	 AGTCCACTGAGTACCGGAGAC	 CAT TTCACGCATCTGGCGTTC
Acta2	 GGGACATCAAGGAGAAACTGTGT	 TCTCTGGGCAGCGGAAAC
SNAI1	 TCTGGTTCTGTGTCCTCTGC	 TTCCCAGTGAGTCTGTCAGC
SNAI2	 TGTCATACCACAACCAGAGA	 CTTGGAGGAGGTGTCAGAT
ZEB1	 AGACTATTCTGATTCCCCAAGTG	 CCTTCTGAGCTAGTGTCTTGTC
ZEB2	 AATGCACAGAGTGTGGCAAGGC	 CTGCTGATGTGCGAACTGTAGG
TWIST1	 GTCCGCAGTCTTACGAGGAG	 CCAGCTTGAGGGTCTGAATC
TWIST2	 TGGACCAAGGCTCTCAGAACA	 ACAGGAGTATGCGGGCAAGA
TWIST1*	 CCaagcttAACTCCCAGACACCTCGCGGG	 GCggatccTTCTCTAAATTTTTTATATTTA
GAPDH	 ATCACTGCCACCCAGAAGAC	 TTTCTAGACGGCAGGTCAGG

BAP31, B cell receptor associated protein 31; CDH1, cadherin 1; VIM, vimentin; Acta2, actin α2; SNAI, snail family; ZEB, zinc finger E‑box 
binding homeobox; TWIST1*, TWIST1 cDNA used to cloned into the pcDNA3.1 vector. Lowercase letters represent restriction sites.
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of 1,000 cells/well in a 96‑well plate and were cultured in 
humidified 5% CO2 atmosphere at 37˚C for 24, 48 or 72 h. 
Before detection, 10 µl CCK‑8 reagent was added into each 
well and incubated at 37˚C for an additional 1.5 h at 37˚C. The 
optical density value was measured at 450 nm using a micro‑
plate reader (Multimode Reader; PerkinElmer, Inc.). Cell 
numbers were analyzed and a growth curve was drawn. The 
cell count fold‑change was calculated as follows: Cell count 
fold‑change(t) = OD(t)/OD(t‑24). Each experiment was repeated 
three times.

Cell migration and invasion assays. Cell migration and 
invasion assays were performed in 6.5‑mm Transwell inserts 
(pore size, 8.0 µm; cat. no. 3422; Corning, Inc.). Cells (2x105) 
suspended in 100 µl serum‑free DMEM were added into the 
upper chamber, whilst the lower chamber was filled with 
complete DMEM with 10% FBS. For migration assay, cells 
were allowed to migrate at 37˚C for 18 h. For the invasion 
assay, Transwell inserts were first coated at 37˚C with 20 µl 
Matrigel (BD Biosciences) mixed with DMEM in a ratio of 1:4 
for 30 min and cells were allowed to invade for 24 h at 37˚C. 
After removing the non‑migratory cells, the membranes were 
fixed in 20% methanol at room temperature for 10 min and 
stained with 100 ng/ml 4,6‑diamidino‑2‑phenylindole dihy‑
drochloride (DAPI) solution (Thermo Fisher Scientific, Inc.) 
at room temperature for 15 min. Microscopy was performed 
on a Nikon E800 microscope with a 100x 1.40 Plan‑Apo 
objective lens and five fields of view per chamber. Migratory 
and invasive cells were imaged using Nikon eclipse Ti2 fluo‑
rescent microscope, before cell migration and invasion were 
quantified using ImageJ software (1.38, National Institutes of 
Health). Each sample was assayed in triplicate.

Co‑immunoprecipitation (Co‑IP) assay. Cells were harvested 
in 1% NP40 lysis buffer [150 mM NaCl, 50 mM Tris‑HCl 
(pH  7.4) and 1%  Nonidet P‑40] containing protease and 
phosphatase inhibitors (Sangon Biotech Co., Ltd.) and the 
supernatant was removed after centrifugation at 1,000 x g for 
1 min at 4˚C. The binding of BAP31 (cat. no. ab237485,1:1,000, 
Abcam), E‑cadherin (cat.  no.  ab76055; 1:100, Abcam), 
N‑cadherin (cat.  no.  ab76057; 1:100, Abcam) or Twist1 
(cat.  no.  ab175430; 1:500, Abcam) antibody to protein G 
agarose was performed using a Protein G Immunoprecipitation 
kit (cat. no. 11719386001; Sigma‑Aldrich; Merck KGaA). The 
protein A/G agarose slurry (20 µl) was washed twice with 200 µl 
PBS buffer and then incubated with 100 µl antibody in PBS 
(10 µl antibody + 85 µl H2O + 5 µl 20X PBS) at 25˚C for 30 min 
on a mixer In parallel, 100 µl rabbit serum (cat. no. ab7487, 
Abcam) or anti‑rabbit IgG peroxidase secondary antibody 
(cat. no. ab6721, Abcam) with 2 µg/µl IgG was prepared as the 
negative control. The immunoprecipitated products (isolated by 
centrifugation at 2,000 x g for 1 min at 4˚C) were washed with 
washing buffer five times and eluted with 2X Laemmli buffer 
at 100˚C for 10 min. Three independent experiments were 
performed. Finally, the eluate and flow‑through were separated 
by 10% SDS‑PAGE and analyzed by western blotting.

Statistical analysis. All statistical analyses were performed 
using the SPSS 18.0 statistical software package (SPSS, Inc.). 
All values are presented as the mean ± standard deviation. 

All data were statistically analyzed using one‑way analysis of 
variance (ANOVA) with a Bonferroni correction. The signifi‑
cance of the differences between groups were determined by 
paired Student's t‑test (for comparison between two groups) or 
one way ANOVA followed by LSD test. The experiments were 
performed in triplicate. Data are presented as the mean ± SD. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

BAP31 expression is upregulated in ovarian cancer cells. The 
expression of BAP31 in the human ovarian epithelial cell line 
IOSE80 and five ovarian cancer cell lines, including A2780 
and Hey‑T30 cells, was measured. The results showed that 
the expression of BAP31 in the ovarian cancer cell lines was 
markedly higher compared with that in IOSE80 cells on both 
mRNA and protein levels (Fig. S1). The protein expression of 
BAP31 was observed to be upregulated in ovarian cancer cells, 
notably in A2780 (Fig. 1A and B), whilst the mRNA expres‑
sion of BCAP31 in the two ovarian cancer cell lines (A2780 
and Hey‑T30) tested was significantly higher compared with 
that observed in IOSE80 cells (Fig. 1B), particularly for A2780 
cells, in which expression levels were nine times higher than 
those in IOSE80 cells. An analysis on the relative expression 
of BAP31 in cancer and paracancerous tissue from patients 
with ovarian cancer was also performed. The results showed 
that BAP31 was highly expressed in ovarian cancer tissues 
compared with that in the surrounding paracancerous tissues 
(Fig. 1C).

Knockdown of BAP31 inhibits the viability, migration and 
invasion of ovarian cancer cells. Two shRNA lentiviral 
vectors specifically targeting BCAP31 were constructed, 
following which A2780 cells were transfected after viral pack‑
aging to obtain the shBCAP31‑1 and shBCAP31‑2 cell lines. 
The protein and mRNA expression of BCAP31 was markedly 
reduced in the two shBCAP31 groups (Fig. 2A and B), where 
BCAP31 mRNA expression in the two shBAP31 groups was 
significantly lower compared with that observed in the shCtrl 
group (Fig. 2B) according to RT‑qPCR analysis. Further exam‑
ination revealed that the cell viability, migration and invasion 
of the shBCAP31 cell lines were all markedly inhibited. The 
viability of the two shBCAP31 A2780 cell lines was signifi‑
cantly reduced compared with that observed in the shCtrl cells 
(Fig. 2C and D), whilst the migratory and invasive abilities 
were significantly reduced in the two shBCAP31 A2780 cell 
lines compared with that in the shCtrl cells (Fig. 2E and F). 
Similar trends were also observed in Hey‑T30 cells transfected 
with shBCAP31‑1 and shBCAP31‑2 (Fig. S2).

Effects of BAP31 knockdown on the expression of E‑cadherin 
and N‑cadherin. To explore the specific underlying mecha‑
nism of BAP31 on the proliferation, migration and invasion of 
A2780 cells, the differentially expressed genes were detected 
by RNA sequencing in the shBCAP31‑1, shBCAP31‑2 
and shCtrl groups. Among the 10 most differentially expressed 
genes found in the two shBAP31 cell groups, E‑cadherin and 
N‑cadherin were identified (Fig. 3A; Table SI), which are 
genes that have important reported roles in EMT (21). Further 
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Figure 1. BAP31 expression is upregulated in ovarian cancer cells. (A) Protein and (B) mRNA expression of BAP31 is higher in the two ovarian cancer cell 
lines A2780 and Hey‑T30 cells compared with that in IOSE80 cells. BAP31 mRNA and protein expression were assessed by reverse transcription‑quantitative 
PCR and western blotting, respectively (β‑actin was the reference gene, n=3) (C) Immunohistochemistry staining for BAP31 in cancer and adjacent tissues 
from patients with ovarian cancer. a‑d, four independent samples. The stained slides were examined using an Olympus DP70 light microscope (magnifica‑
tion, x20). **P<0.01 vs. IOSE80. BAP31, B cell receptor‑associated protein 31.

Figure 2. Knockdown of BCAP31 inhibits the proliferation, migration and invasion of A2780 ovarian cancer cells. (A) Protein and (B) mRNA expression 
of BAP31 is downregulated in A2780 cells transfected with shBCAP31‑1 and shBCAP31‑2. (C) Growth curve derived from the OD values. (D) Cell count 
fold‑change among shCtrl, shBCAP31‑1 and shBCAP31‑2. (E) Representative Transwell assay images of migratory and invasive shCtrl, shBCAP31‑1 and 
shBCAP31‑2 A2780 cells. (F) Relative migratory and invasive activities of shCtrl, shBCAP31‑1 and shBCAP31‑2 A2780 cells. *P<0.05, **P<0.01 vs. shCtrl. 
BAP31 or BCAP31, B cell receptor‑associated protein 31; sh, short hairpin RNA; OD, optical density; Ctrl, control.
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verification revealed that the mRNA (Fig. 3B) and protein 
expression (Fig. 3C) levels of E‑cadherin were markedly upreg‑
ulated in the two shBCAP31 cell lines, whereas N‑cadherin 
expression was markedly downregulated, compared with 
those in the shCtrl cells. The expression levels of vimentin and 
α‑SMA, both of which are associated with EMT (46), were 
next detected. The mRNA (Fig. 3D) and protein (Fig. 3E) 
levels were also markedly downregulated following transfec‑
tion with shBCAP31‑1 and shBCAP31‑2 compared with those 
in shCtrl cells. This suggests that BAP31 may potentiate the 
proliferation, migration and invasion of ovarian cancer cells 
by regulating EMT.

BAP31 regulates the expression of E‑cadherin and N‑cadherin 
on a transcriptional level. It was found that the knockdown 
of BAP31 affected the relative mRNA expression levels of 
E‑cadherin and N‑cadherin (Fig. 3). No previous studies have 
described the DNA‑binding domain of BAP31, and there 
was no interaction found between BAP31 and E‑cadherin or 
N‑cadherin using Co‑IP detection (Fig. 4A). Previous studies 
have reported that the TFs, including SNAI1, SNAI2, ZEB1, 

ZEB2, TWIST1 and TWIST2, can simultaneously regulate 
the expression of E‑cadherin and N‑cadherin (47). After the 
respective siRNAs were used to knock down the expres‑
sion levels of these TFs aforementioned in A2780 cells, the 
mRNA expression levels of N‑cadherin were downregulated 
by differing degrees in all siRNAs tested compared with 
those in cells transfected with siCtrl (Fig. S3). By contrast, 
the mRNA expression levels of E‑cadherin were increased by 
differing degrees in all siRNAs tested compared with those in 
cells transfected with siCtrl, except for those transfected with 
siZEB1 (Fig. S3). The knockdown of BAP31 expression did 
not affect the mRNA or the protein expression levels of these 
TFs (Fig. 4B and C), but altered the nuclear distribution of 
TWIST1, specifically markedly reducing its nuclear aggrega‑
tion (Fig. 4D). An interaction was observed between BAP31 
and TWIST1 (Fig.  4E). siRNAs were then used to knock 
down the expression levels of BAP31 and TWIST1, following 
which the mRNA and protein expression levels of E‑cadherin 
and N‑cadherin in the TWIST1 siRNA group exhibited 
comparable expression as that seen in the siBCAP31 cell line 
(Fig. 4F and G).

Figure 3. BAP31 regulates the expression of EMT proteins. (A) Top 10 differentially expressed genes in shCtrl, shBCAP31‑1 and shBCAP31‑2 A2780 cells. 
(B) mRNA and (C) protein expression of E‑cadherin and N‑cadherin. (D) mRNA and (E) protein expression of EMT‑related genes vimentin and α‑SMA, 
in shCtrl, shBCAP31‑1 and shBCAP31‑2 A2780 cells. *P<0.05 and **P<0.01 vs. shCtrl. BAP31 or BCAP31, B cell receptor‑associated protein 31; EMT, 
epithelial‑to‑mesenchymal transition; sh, short hairpin RNA; α‑SMA, α‑smooth muscle actin; Ctrl, control; CDH, cadherin; FLRT3, fibronectin leucine‑rich 
transmembrane protein 3; CNTNAP2, contactin‑associated protein 2; NREP, neuronal regeneration‑related protein; ACKR3, atypical chemokine receptor 3; 
UBL4A, ubiquitin‑like 4A; NAA10, N‑α‑acetyltransferase 10, NatA catalytic subunit; ADCK2, AarF domain containing kinase 2.
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Overexpression of TWIST1 in the shBAP31 cell line can 
restore cell functions and protein expression. The expres‑
sion vector pdTWIST1 (TWIST1 cDNA was cloned into the 
pcDNA3.1 vector) was transfected into shBCAP31 A2780 
cells to obtain the shBCAP31 + OE TWIST1 A2780 cell line, 
before the mRNA expression of BCAP31 and TWIST1 in the 
A2780 cells following eight different transfection protocols 
(shCtrl, siCtrl, OE Ctrl, shBCAP31, siBCAP31, siTWIST1, OE 
TWIST1 and shBCAP31 + OE TWIST1) were analyzed by 
RT‑qPCR. The mRNA expression of BCAP31 was decreased 
in the shBCAP31 and shBCAP31  +  OE TWIST1 groups 
compared with shCtrl group, and which in siBCAP31 group 
was decreased compared with siCtrl group. Whilst the mRNA 
expression of TWIST1 was decreased in siTWIST1 group 
compared with siCtrl and increased in the OE TWIST1 and 
shBCAP31 + OE TWIST1 groups compared with shCtrl group 
(Fig. S4). After TWIST1 was overexpressed in the shBCAP31 
A2780 cell line (shBCAP31 + OE TWIST1), the nuclear and 
cytoplasmic distribution of TWIST1 was comparable with that 
found in the shBCAP31 cell line, whilst the protein levels in 

the nucleus was markedly higher compared with those in the 
shBCAP31 group (Fig. 5A). Cell viability (Fig. 5B), migra‑
tion and invasion (Fig. 5C and D) in the shBCAP31 + OE 
TWIST1 group were all increased compared with those in the 
shBCAP31 group, similar to the level observed in the shCtrl 
group. Subsequently, the mRNA and protein expression of 
N‑cadherin and E‑cadherin was explored, where it was found 
that the mRNA (Fig. 5E) and protein (Fig. 5F) expression levels 
of N‑cadherin in the shBCAP31 + OE TWIST1 group were 
markedly higher compared with those in the shBCAP31 group 
and comparable with those in the shCtrl group. By contrast, 
E‑cadherin expression in the shBCAP31 + OE TWIST1 group 
exhibited the opposite trend.

Discussion

BAP31 is a B cell receptor protein that is an integrated 28‑KDa 
multimer and is evolutionarily conserved and ubiquitously 
expressed (8). Studies have previously shown that in addition 
to participating in the activation of B cell receptors, BAP31 can 

Figure 4. BAP31 regulates the expression of E‑cadherin and N‑cadherin at the transcriptional level through TWIST1. (A) Interaction between BAP31 and 
E‑cadherin or N‑cadherin in A2780 shCtrl cells. (B) mRNA and (C) protein expression of TFs that may regulate E‑cadherin and N‑cadherin expression in 
shCtrl and shBCAP31 A2780 cells. (D) Protein expression of TFs in the cytoplasmic and nuclear fractions of shCtrl and shBAP31 A2780 cells. (E) Interaction 
between BAP31 and TWIST1 in A2780 shCtrl cells. (F) mRNA and (G) protein expression of N‑cadherin and E‑cadherin in A2780 cells transfected with 
siCtrl, siBCAP31 and siTWIST1. **P<0.01 vs. siCtrl BAP31 or BCAP31, B cell receptor‑associated protein 31; sh, short hairpin RNA; TF, transcription 
factor; si, small interfering RNA; Ctrl, control; SNAI, snail family; IB, immunoblot; IP, immunoprecipitation; ZEB, zinc finger E‑box‑binding homeobox 1; 
CDH, cadherin.
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regulate the metabolism of a number of proteins (10,48‑50). 
BAP31 can also function as a carrier protein to mediate the 
transport of proteins from the ER to the Golgi apparatus for 
processing and maturation (11).

BAP31 is located in the ER, where the cleaved fragment, 
BAP20, serves an important role in apoptosis (11). BAP20 
induces the ER to release Ca2+, which is taken up by the 
mitochondria, leading to mitochondrial fragmentation and 
subsequent cell death (11). By contrast, the complete BAP31 
protein is a direct inhibitor of caspase 8, which initiates apop‑
tosis (51). BAP31 is highly expressed in various cancer tissues, 
including breast, cervical, liver and colorectal cancer (15‑18). 
Therefore, the BAP31 protein and mRNA expression profile 
in ovarian cancer cells was investigated in the present study.

A previous study demonstrated that BAP31 is a key gene 
that promotes the progression of triple negative breast cancer, 
where it can interact with epidermal growth factor receptor 
(EGFR) to maintain EGFR autophosphorylation and down‑
stream signal activation (52). In another study, downregulation 
of BAP31 expression can inhibit the proliferation and increase 
apoptosis of colorectal cancer cells by increasing the expres‑
sion of ER‑related proteins, including GRP78/BIP, BAX and 

Figure 5. Cell functions and EMT‑related protein expression levels are recovered when TWIST1 was overexpressed in the shBCAP31 A2780 cells. (A) Protein 
expression of TWIST1 in the cytoplasmic and nuclear fractions of shCtrl, shBCAP31 and shBCAP31 + OE TWIST1 A2780 cells. (B) Growth curve after 
transfection with shCtrl, shBCAP31 and shBCAP31 + OE TWIST1. (C) Representative Transwell assay images of migratory and invasive shCtrl, shBCAP31 
and shBCAP31 + OE TWIST1 A2780 cells. (D) Relative migratory and invasive abilities of shCtrl, shBAP31 and shBAP31 + OE TWIST1 A2780 cells. 
(E) mRNA and (F) protein expression of N‑cadherin and E‑cadherin in shCtrl, shBCAP31 and shBCAP31 + OE TWIST1 A2780 cells. *P<0.05, **P<0.01 vs. 
shCtrl. BCAP31, B cell receptor‑associated protein 31; sh, short hairpin RNA; OE, overexpression; Ctrl, control; OD, optical density; CDH cadherin.

Figure 6. Schematic diagram of the possible role of BAP31 in ovarian cancer. 
BAP31 regulates the expression of E‑cadherin and N‑cadherin at the tran‑
scriptional level by promoting the degree of TWIST1 nucleus aggregation of. 
BAP31, B cell receptor‑associated protein 31; EMT, epithelial‑mesenchymal 
transition.
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PERK/elF2α/ATF4/CHOP (53). BAP31 expression has also 
been found to be significantly increased in cervical cancer 
tissue compared with adjacent normal tissue and associated 
highly with poorer clinical outcomes  (16,18). In addition, 
BAP31 can regulate cervical cancer cell proliferation by 
arresting G0/G1 phase cell cycle progression in cervical cancer 
cells (18). Depletion of BAP31 can also inhibit the invasion 
and migration of cervical cancer cells by decreasing the 
expression and uniform distribution in the cel of Drebrin, 
myosin phosphatase Rho‑interacting protein, calcium‑binding 
protein SPEC 1A and Nexilin (18). The expression levels of 
transforming growth factor‑β1, matrix metalloproteinase 
(MMP)‑2, MMP‑9, rho‑related protein kinase  1, α‑SMA, 
vimentin and N‑cadherin were found to be significantly 
lower in cervical cancer cells following the knockdown of 
BAP31 expression (16). Furthermore, the extent intrinsic and 
extrinsic apoptosis was notably increased in cells following 
BAP31 knockdown with the increased levels of cleaved 
caspases‑8, ‑9 and ‑3 in addition to poly (ADP‑ribose) poly‑
merase (16). However, another study reported that BAP31 can 
stimulate U2OS osteosarcoma and HeLa cervical cancer cell 
death and inhibit autophagy by interacting with syntaxin 17 to 
form a protein complex under ER‑stress conditions (49). These 
previous findings aforementioned demonstrated that BAP31 
can serve different roles under diverse conditions. To investi‑
gate the role of BAP31 in ovarian cancer in the present study, 
a shBCAP31 lentiviral vector was constructed before the 
ovarian cancer cell lines A2780 and Hey‑T30 were transfected 
after viral packaging to construct the shBCAP31 cell line. It 
was found that the viability of A2780 and Hey‑T30 cells was 
decreased markedly following the knockdown of BAP31. The 
migration and invasion of shBCAP31 cells were also inhib‑
ited compared with those in cells in the shCtrl group. These 
results suggest that BAP31 may have an important role in the 
migration and invasion of ovarian cancer cells.

To explore the specific mechanism underlying the effects 
of BAP31 on ovarian cancer cells, RNA‑seq analysis was 
performed in the present study to detect the differences in gene 
transcription between shBCAP31 and shCtrl cells. E‑cadherin 
and N‑cadherin, two key markers in the EMT process (21), 
were markedly upregulated and downregulated following 
BAP31 knockdown, respectively. This was also confirmed by 
RT‑qPCR and western blotting. EMT is a process in which 
epithelial cells lose their intercellular connections and acquire 
a more migratory and aggressive mesenchymal phenotype (54). 
However, this process serves a vital role during normal devel‑
opment in addition to various forms of tumorigenesis (55). 
In addition, EMT has been reported to serve an important 
role in the metastasis of a majority of human tumors (20,56), 
which can be used as an early indicator of tumor invasion and 
metastasis (57). Results from the present study suggest that the 
EMT pathway may be manipulated by altering the expression 
of BAP31 in ovarian cancer. Cell viability, migration and 
invasion of the shBCAP31 ovarian cancer cell lines were all 
markedly downregulated, which could be due to inhibition of 
the EMT pathway in the shBCAP31 cell line.

Compared with cell lines that express high levels of 
N‑cadherin, ovarian cancer cell lines with high expression 
levels of E‑cadherin exhibit poor resistance to cell death, 
reduced adhesion to the extracellular matrix and weaker 

invasiveness (58). As an indicator of ongoing EMT, expres‑
sion of N‑cadherin is associated with the development of 
various types of tumors, such as prostate (59) and non‑small 
cell lung cancer (60). During EMT in cancer, N‑cadherin is 
frequently upregulated, whilst E‑cadherin is downregulated. 
This cadherin switch is concomitant with enhanced cell 
migration and invasion, resulting in the lower survival rate of 
patients (61). The present study showed that BAP31 altered 
the expression of E‑cadherin and N‑cadherin simultaneously 
in ovarian cancer cells. However, this was not a result of the 
direct interaction between BAP31 and E‑ and N‑cadherin, 
which was not observed. There was a clear interaction between 
E‑cadherin and N‑cadherin, suggesting that there may be a 
direct mutual regulatory mechanism between E‑cadherin and 
N‑cadherin. These results are consistent with previous find‑
ings (21) that demonstrated that ‘cadherin switch’ (N‑cadherin 
is upregulation and E‑cadherin downregulation during the 
EMT process in cancer), is associated with enhanced migra‑
tion and invasion. Since the knockdown of BAP31 affected the 
expression of E‑cadherin and N‑cadherin on a transcriptional 
level, it was speculated that the expression or transcriptional 
activity of TFs that regulate E‑cadherin and N‑cadherin 
expression were influenced by BAP31.

The present study found that the expression of E‑cadherin 
was upregulated, whereas the expression of N‑cadherin was 
downregulated, in cells transfected with siTWIST1, which 
is consistent with the expression of these two genes analyzed 
by RNA‑seq in BCAP31 cells. Further analysis revealed an 
interaction between BAP31 and TWIST1, where the degree 
of TWIST1 aggregation in the nucleus decreased markedly 
following the knockdown of BAP31 expression. TWIST1 is a 
highly conserved basic helix‑loop‑helix TF that has been previ‑
ously identified to be a developmental gene and serves a key role 
in E‑cadherin inhibition and EMT induction (62). In addition 
to having an important role in normal development, TWIST 
was found to be upregulated in numerous types of cancer, 
including breast (35,41), gastric (40,63) and prostate cancer (64). 
In vertebrates, two structurally similar isoforms are expressed, 
namely TWIST1 and TWIST2  (37). TWIST1 contains a 
glycine‑rich region, which may serve a role in RNA binding, 
at the N‑terminus, whilst TWIST2 does not (37). In intestinal 
gastric cancer, the highly expressed TWIST1 protein enhances 
the aggressiveness of gastric cancer cells by downregulating 
the expression of E‑cadherin and upregulating the expression 
of N‑cadherin (63). In the present study, when TWIST1 was 
overexpressed in the shBCAP31 cells, cell proliferation, migra‑
tion and invasion were restored to the levels comparable to those 
of shCtrl cells. Additionally, the mRNA and protein expression 
levels of E‑cadherin and N‑cadherin were comparable to 
those observed in the shCtrl group. These findings suggest 
that BAP31 may regulate the expression of E‑cadherin and 
N‑cadherin through the subcellular location of TWIST1, one 
of the TFs that mediate EMT, which in turn regulates the 
proliferation, migration and invasion of ovarian cancer cells 
(Fig. 6). Therefore, BAP31 may promote the EMT pathway 
by affecting the nuclear and cytoplasmic distribution of 
TWIST1 in ovarian cancer cells.

To conclude, results of the present study showed that 
BAP31 expression was upregulated in ovarian cancer cells, 
suggesting that BAP31 promoted the proliferation, migration 
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and invasion of ovarian cancer cells. Knockdown of BAP31 
was found to increase the expression of E‑cadherin and 
decrease the expression of N‑cadherin, two markers of the 
EMT pathway. Concurrently, BAP31 regulated the expres‑
sion of E‑cadherin and N‑cadherin on transcriptional level 
by affecting the degree of nuclear TWIST1 aggregation, 
one of the TFs that can regulate the mRNA expression of 
E‑cadherin and N‑cadherin. These findings suggested that 
BAP31 serve a carcinogenic role in ovarian cancer, which 
provide theoretical evidence for the role of BAP31 as a 
biomarker in patients with ovarian cancer.
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