
INTRODUCTION

Ovarian tumours are the leading cause of gynecologic can-
cer deaths in Western countries. Their risk factors include fer-
tility, obesity, hormone replacement therapy after menopause, 
and smoking (Clarfield et al., 2022). In 2020, ovarian cancer 
was diagnosed in 239,000 females and resulted in 207,252 
deaths (Elshami et al., 2022). 

Epithelial-mesenchymal transition (EMT) is a pivotal me-
chanism in the initial steps of ovarian cancer metastasis and 
invasion (Lee, 2018, 2019; Cai et al., 2021). Kurrey et al. 
(2005) reported that over-expression of Snail or Slug results 
in EMT, which promoted cell motility, invasiveness and tumori-
genicity in SKOV3 cells. Yuan et al. (2013) also reported that 
ALX1, the homeobox transcription factor ALX1 provokes Snail 
expression to promote EMT of ovarian cancer cells. In addi-

tion, Blechschmidt et al. (2008) demonstrated that Snail, an 
E-cadherin repressor, is related to the reduced overall survival 
of patients with ovarian tumours. Snail also plays an important 
role in ovarian tumour growth and metastasis via the regula-
tion of MMP activity (Jin et al., 2010).

Snail is a transcription factor that participates in EMT (Nam  
et al., 2022). The Snail family of zinc-finger transcription fac-
tors includes Snail1 (Snail), Snail2 (Slug), and Snail3 (Smuc) 
in vertebrates (Debnath et al., 2022). Snail1 (Snail) and Snail2 
(Slug) are necessary to trigger EMT during embryonic devel-
opment and cancer progression (Nieto, 2002; Peiro et al., 
2006; Wu and Zhou, 2010; Debnath et al., 2022). The C-ter-
minal region of Snail1 binds to DNA and the N-terminal region 
represses transcription (Peinado et al., 2004). In the central 
domain, a serine-rich sequence (SRS) and a nuclear export 
sequence (NES) control Snail subcellular localization and pro-
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Snail is implicated in tumour growth and metastasis and is up-regulated in various human tumours. Although the role of Snails in 
epithelial-mesenchymal transition, which is particularly important in cancer metastasis, is well known, how they regulate tumour 
growth is poorly described. In this study, the possible molecular mechanisms of Snail in tumour growth were explored. Baculoviral 
inhibitor of apoptosis protein (IAP) repeat-containing protein 3 (BIRC3), a co-activator of cell proliferation during tumourigenesis, 
was identified as a Snail-binding protein via a yeast two-hybrid system. Since BIRC3 is important for cell survival, the effect of 
BIRC3 binding partner Snail on cell survival was investigated in ovarian cancer cell lines. Results revealed that Bax expression 
was activated, while the expression levels of anti-apoptotic proteins were markedly decreased by small interfering RNA (siRNA) 
specific for Snail (siSnail). siSnail, the binding partner of siBIRC3, activated the tumour suppressor function of p53 by promoting 
p53 protein stability. Conversely, BIRC3 could interact with Snail, for this reason, the possibility of BIRC3 involvement in EMT was 
investigated. BIRC3 overexpression resulted in a decreased expression of the epithelial marker and an increased expression of 
the mesenchymal markers. siSnail or siBIRC3 reduced the mRNA levels of matrix metalloproteinase (MMP)-2 and MMP-9. These 
results provide evidence that Snail promotes cell proliferation by interacting with BIRC3 and that BIRC3 might be involved in EMT 
via binding to Snail in ovarian cancer cells. Therefore, our results suggested the novel relevance of BIRC3, the binding partner of 
Snail, in ovarian cancer development.
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tein stability, respectively (Domínguez et al., 2003). Although 
the biological functions of Snail in malignancies have been 
characterized extensively, its molecular mechanisms are un-
clear.

In this study, we used a yeast two-hybrid system to screen 
a human cDNA library for novel Snail-interacting proteins and 
characterize the biological functions of snails in ovarian can-
cer. We also reported novel insights into the roles of the Snails 
and its new binding partner in modulating cancer cell prolifera-
tion.

MATERIALS AND METHODS

Cell lines, culture, and antibodies
Human carcinoma cell lines (SKOV-3, HeLa, HCT116) were  

obtained from the American Type Culture Collection (ATCC, 
Rockville, MD, USA). Cells were seeded in Roswell Park Memo-
rial Institute (RPMI) 1640 medium, supplemented with 10% fetal 
bovine serum (FBS) and penicillin-streptomycin (100 units/mL  
and 100 µg/mL, respectively) in 5% CO2 at 37°C. Other chemi-
cals were obtained from Sigma (St. Louis, MO, USA). The fol-
lowing primary antibodies were used in this study: anti-Snail, 
anti-BIRC3, anti-Bax, anti-Bcl-xL, anti-Mcl-1, anti-Bcl-2, anti-
p53, anti-α-tubulin, N-cadherin, anti-activated Ras-related C3 
botulinum toxin substrate 1 (Rac1), anti-Rac1 (Cell Signaling, 
Beverly, MA, USA), anti-green fluorescent protein (GFP), anti-
p53 up-regulated modulator of apoptosis (PUMA), anti-E-cad-
herin, anti-β-catenin, anti-vimentin, anti-fibronectin, anti-acti-
vated-Rho, anti-Rho, anti-activated cell division control protein 
42 homolog (Cdc42), anti-Cdc42, and anti-β-actin (Sigma).

Cell viability analysis
Cell viability was evaluated using 3-(4,5-dimethylthiazol-

2-yl)-2.5-diphenyl-2H-tetrazolium bromide (MTT) assays (Rho 
et al., 2021a). Cells were grown at a density of 4.3×103 per 
well in 96-well plates. Three days after transfection, a fresh 
medium including 10% FBS and 20-µL MTT solution (5 µg/
mL; Sigma) were added to each well, followed by incubation 
for an additional 4 h at 37°C. After centrifugation at 500 g for 
10 min, the supernatant was decanted and the formazan was 
dissolved with dimethyl sulfoxide (DMSO). The amounts of 
MTT-formazan generated were determined by measuring the 
absorbance at 540 nm using a microplate reader.

RNA isolation and reverse transcription-polymerase  
chain reaction (RT-PCR)

Total RNA was isolated from cells using TRIzol® (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s protocols 
(Kim et al., 2021). Total RNA (1 µg) was reverse transcribed 
to cDNA using a First-Strand cDNA Synthesis Kit with oligo-dT 
primers (SuperScript™ RT, Invitrogen). To detect human Snail, 
BIRC3, MMP-2, MMP-9, and glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH), mRNA transcripts were isolated by 
PCR as described above. The primers were as follows: Snail, 
5’-TTC TTC GCT ACT GCT GCG-3’ (forward) and 5’-GGG 
CAG GTA TGG AGA GGA AGA-3’ (reverse); BIRC3, 5’-AGG 
TGT TGG GAA TCT GGA GAT-3’ (forward) and 5’- GCA GCA 
TTA ATC ACA GGA GTA-3’ (reverse); MMP-2, 5’-ATG GGG 
AAT CGG TTG AAG G-3’ (forward) and 5’-AAT TGC ATT TCC 
TGA CAG AAG G-3’ (reverse); MMP-9, 5’-ACG CAG ACA 
TCG TCA TCC AGT-3’ (forward) and 5’-GGA CCA CAA CTC 

GTC ATC GTC-3’ (reverse); and GAPDH, 5’-GAG TCA ACG 
GAT TTG GTC GTA-3’ (forward) and 5’-CTT CTC CAT GGT 
TGG TGA AGA-3’ (reverse). The specificity of the amplified 
PCR fragments was confirmed by sequencing.

Silencing of gene expression by small interfering RNA 
(siRNA)

Oligonucleotides including an RNA interference (RNAi) se-
quence [Snail: 5’- GCC UUC AAC UGC AAA UAC U-3’ (sense) 
and 5’-AGU AUU UGC AGU UGA AGG C-3’ (antisense); BIRC3,  
5’-UAA GGG AAG AGG AGA GAG AA-3’ (sense) and 5’-UUC 
UCU CUC CUC UUC CCU UA-3’ (antisense)] were synthe-
sized using an RNAi construction kit (Ambion, Austin, TX, 
USA), and were then transfected with Lipofectamine® 2000 
reagent (Invitrogen) according to the manufacturer’s proto-
cols (Rho et al., 2021b). The following unrelated non-specific 
scrambled oligonucleotide was used as a control: [Snail, 5’-
TAT TGC CTA GCA TTA CGT T-3’ (sense) and 5’-GTA TTG 
CCT AGC ATT ACG T-3’ (antisense); BIRC3, 5’-CCT GGT 
AGC AGC GAG TGA G-3’ (sense) and 5’-CTC ACT CGC TGC 
TAC CAG G-3’ (antisense)]. Cells grown for 24 h were trans-
fected with 150 nM siSnail or siBIRC3. At 24 h after transfec-
tion, cells were prepared for MTT assay and immunoblotting 
analysis.

Western blot analysis
Western blot assay was performed as previously described 

(Yu et al., 2021a). Cells were collected, rinsed twice with cold 
phosphate-buffered saline (PBS), centrifuged, and lysed in 
cold lysis buffer containing a protease inhibitor cocktail (Sig-
ma) at 4°C for 50 min. The cell lysates were subsequently sep-
arated with 8%-12% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred onto Hybond 
enhanced chemiluminescence (ECL) nitrocellulose membrane 
(GE Healthcare, Little Chalfont, Buckinghamshire, UK). After 
blocking, the membranes were incubated with primary anti-
bodies at 4°C overnight. The membranes were rinsed thrice 
with Tris-buffered saline and Tween 20 (TBST) wash buffer 
and incubated with horseradish peroxidase (HRP)-conjugated 
secondary antibodies (Cell Signaling). Immunoreactive bands 
were developed using an ECL detection system (GE Health-
care).

Yeast two-hybrid assay system
The full-length cDNA of the human Snail gene was sub-

cloned into the EcoRI and XhoI restriction enzyme sites of 
the pGilda vector. A full-length human BIRC3 cDNA was in-
troduced into a pJG4-5 activation vector at the EcoRI and 
XhoI sites to generate B42 fusion proteins. Positive interac-
tions were indicated by the formation of blue colonies on an 
X-gal-containing medium, as described previously (Kim et 
al., 2021). Interaction binding activity was compared by cal-
culating the relative expression level of o-nitrophenyl β-D-
galactopyranoside (ONPG) β-galactosidase (Rho et al., 1999; 
Dong et al., 2012).

Promoter-reporter gene analysis
In vitro promoter luciferase activity was assayed as de-

scribed previously (Rho et al., 2020). In brief, cells were 
transfected with vector DNA containing Bcl-2-, p21-, or p53-
luciferase, in which luciferase is expressed under the control 
of the respective promoters. After reaching 85% confluency, 
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cells were transfected with the indicated reporter constructs. 
As an internal control to correct for variations in transfection 
efficiency, 20 ng of pRL-TK (Promega, Madison, WI, USA) 
were co-transfected. The transfections were accomplished 
using Oligofectamine™ (Invitrogen). After lysis with Reporter 
Lysis Buffer (Promega), the cell extracts were incubated with 
the luciferase substrate at room temperature for 30 min. Then, 
a 5-µL aliquot of each sample was transferred into a MicroLu-
mat Plus LB96 V luminometer (Berthold Technologies,  Bad 
Wildbad, Germany). Reporter activity was measured using a 
Dual-Luciferase® Reporter (DLR™) Assay System (Promega) 
according to the manufacturer’s directions, and reporter activ-
ity was normalized to that of Renilla luciferase to correct for 
variations in the transfection efficiency.

Statistical analysis
Results are presented as means ± standard deviation (SD) 

of four independent experiments. Student’s t-test was used for 
comparisons between the two groups. Statistically significant 
differences (p<0.05) are indicated by asterisks (*).

RESULTS

Snail directly binds with BIRC3
A yeast two-hybrid method was used to determine whether 

BIRC3 is a binding partner of Snail. In Fig. 1A, a positive bind-
ing activity was identified in the Snail/BIRC3-binding assay 
system (76.17 ± 0.72), whereas a low β-galactosidase binding 
activity was detected in the Snail/empty vector expression sys-
tem (1.47 ± 0.42). Then, Snail and BIRC3 were co-immuno-
precipitated (Co-IP) to confirm the direct interaction between 
Snail and BIRC3 observed in cells. The cDNA constructs of 
BIRC3 (pcDNA3.1/Flag-BIRC3) and Snail (pcDNA3.1-Snail), 
or pcDNA3.1/Flag-BIRC3 and empty vector only (pcDNA3.1), 
were co-transfected into cells. Snail precipitated with BIRC3, 
whereas Co-IP failed to detect any protein-protein interaction 
between pcDNA3.1 (empty vector-only) or pcDNA3.1 with Flag-

BIRC3 (Fig. 1B). Subsequently, the cellular interactions of the 
two proteins were validated by the Co-IP of endogenous Snail 
and BIRC3. Subsequently, endogenously expressed Snail  
protein directly co-immunoprecipitated with BIRC3 (Fig. 1C). 

siSnail and siBIRC3 induce apoptotic death of  
carcinoma cells

The effect of Snail and BIRC3 on ovarian tumour cell prolif-
eration was examined. Snail and BIRC3 were highly expressed 
at mRNA and protein levels. Snail expression was inhibited 
dramatically after Snail siRNA transfection (Fig. 2A), and cel-
lular proliferation was reduced significantly (Fig. 2B). BIRC3 
overexpression promoted cell growth, whereas cell growth 
was suppressed by BIRC3 siRNA. The proliferation of cells 
transfected with siSnail were inhibited to ~40% compared with 
that of the cells transfected with the control (expression vector 
only). siBIRC3 transfection reduced cell viability by 42%, and 
the transfection of siSnail plus siBIRC3 additively inhibited 
cellular viability. Therefore, Snail directly interacts with BIRC3 
under biological cellular conditions (Fig. 2B). 

To explore the biological function of siBIRC3 during Snail-
induced cell proliferation, we investigated Snail protein ex-
pression through transient siBIRC3 transfection. As presented 
in Fig. 2C, siBIRC3 transfection reduced Snail protein levels in 
a concentration-dependent manner (upper panel). In the case 
of siSnail transfection, BIRC3 protein level patterns were simi-
lar to those of the Snail protein (lower panel). Subsequently, 
we assessed Snail- and BIRC3-induced cell proliferation by 
determining the activation levels of apoptosis-associated pro-
teins, such as Bax, B-cell lymphoma-extra large (Bcl-xL), my-
eloid cell leukaemia 1 (Mcl-1), and B-cell lymphoma 2 (Bcl-2), 
which are well-known pivotal modulators of cell death and pro-
liferation. Fig. 2D shows that the Bax expression in the trans-
fections was reduced compared with that in the CTR (control), 
whereas Bcl-xL, Mcl-1, and Bcl-2 were activated by Snail and 
BIRC3. We transfected the cells with specific RNAi (siSnail 
and siBIRC3) to verify these results. Bax expression was acti-
vated, while the expression levels of Bcl-xL, Mcl-1, and Bcl-2 
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Fig. 1. Physical interaction between Snail and the Baculoviral inhibitor of apoptosis protein (IAP) repeat-containing protein 3 (BIRC3). (A) 
Positive interactions were observed by monitoring cell growth over 3 days at 30°C on a medium lacking leucine. The values of 
β-galactosidase activity (unit) calculated by adding O-nitrophenyl β-D-galactopyranoside (ONPG) are indicated below the corresponding 
lanes. (B) Co-immunoprecipitation (Co-IP) of Snail with BIRC3. Immunoprecipitation was carried out using an anti-Flag antibody with lysates 
from transfected breast carcinoma cells. After immunoprecipitation, precipitated proteins were immunoblotted with anti-Snail and anti-BIRC3 
antibodies: lane 1, pcDNA3.1 (vector only) and pcDNA3.1/Flag-BIRC3 transfectant; lane 2, pcDNA3.1-Snail and pcDNA3.1/Flag-BIRC3 
transfectant. (C) Co-IP of endogenous BIRC3 and Snail shows the interaction between the two proteins in HEK 293T cells. β-actin was used 
as a loading control.



www.biomolther.org

Rho et al.   BIRC3 Protein Controls Snail-Associated Tumour Proliferation

383

Fig. 2. Effects of snail siRNA and BIRC3 siRNA on the proliferation of cancer cells and effects of BIRC3 siRNA on snail expression. (A) Re-
verse transcription-polymerase chain reaction (RT-PCR) showing decreased Snail and BIRC3 mRNA levels following transfection with plas-
mid constructs targeting Snail and BIRC3. Representative Western blot of Snail and BIRC3 proteins in control (siScramble) and siSnail and 
siBIRC3. Quantification of RT-PCR and Western blot data (right panel). Results represent the means ± SD of at least three independent ex-
periments performed in triplicate. *p<0.05 compared to the siScramble control group. (B) Cells were transfected with control, Snail, Snail 
plus siSnail, BIRC3, BIRC3 plus siBIRC3, Snail plus BIRC3, and siSnail plus siBIRC3 plasmid, respectively. Relative cell proliferation rates 
were calculated by MTT assay. MTT-formazan amounts were calculated by measuring the absorbance at 540 nm in a microplate reader, 
and absorbance values were converted to relative proliferation rates. Each data point represents triplicate samples, and the bars indicate 
the means ± standard deviation (SD). *p<0.05. (C) Cells were transfected with various concentrations of siBIRC3 or siSnail, and then total 
cell lysates were prepared. Snail and BIRC3 proteins in cells were visualized using immunoblotting. (D) Protein levels of B-cell lymphoma 
(Bcl-2) family genes were analyzed by immunoblot analysis of the SKOV-3 cells transfected with siSnail and siSnail plus Snail or siBIRC3 
and siBIRC3 plus BIRC3. β-actin was used as a loading control and was immunoblotted with antibodies to Snail, BIRC3, Bax, Bcl-xL, Mcl-1, 
and Bcl-2. (E) Promoter activities of Bcl-2 were measured through a luciferase reporter gene assay system with Bcl-2 (Bcl-2-Luc) promoter 
reporters, respectively. For instance, the Bcl-2-luciferase reporter gene constructs or promoter-less plasmid vectors only were transiently 
transfected into SKOV-3 cells. Cells were incubated for 24 h and then resuspended in lysis buffer. After collection by centrifugation, cells 
were lysed, mixed with the luciferase reaction substrate, and then assayed for luciferase activity. Results represent the means ± SD of at 
least three independent experiments performed in triplicate. *p<0.05. The experiments were repeated three times with similar results. IP, im-
munoprecipitation; WB, Western blot; WCL, whole-cell lysates.
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were decreased markedly by siSnail and siBIRC3. To assess 
the biological effects of siSnail on Snail-stimulated prolifera-
tion, we transfected the cells with siSnail and Snail, or with 
siBIRC3 and BIRC3 expression plasmids. We then measured 
the promoter activity by using a dual-luciferase reporter gene 
assay system. Fig. 2E illustrates that the Bcl-2 activity was no-
ticeably reduced by siSnail and siBIRC3. Therefore, Snail and 
BIRC3 knockdown effectively inhibited the established tumour 
growth in vitro by inducing apoptosis.

Effects of Snail and BIRC3 knockdown by siRNA on p53
We additional conformed that p53 promoter activity was 

inhibited by siSnail and siBIRC3 by dual-luciferase reporter 
gene assay (Fig. 3A). To better understand the effects of Snail 
and BIRC3 on p53, cells were transfected with siSnail and 
Snail or with siBIRC3 and BIRC3 for increasing periods af-
ter cycloheximide (CHX) treatment. Interestingly, endogenous 
p53 levels were significantly reduced by CHX treatment in 
a time-dependent manner (Fig. 3B, left panel). Conversely, 
Snail and BIRC3 knockdown stabilized the p53 protein level 
(Fig. 3B, right panel). These results suggested that siSnail and 

siBIRC3 activated the p53 tumour-suppressor function by pro-
moting p53 protein stability. A Flag-tagged Snail and BIRC3 
plasmid were introduced into HCT116 p53+/+ and p53–/– cells 
to assess whether the increase in PUMA was attributed to the 
direct regulation of p53 by Snail and BIRC3. PUMA expres-
sion was reduced in p53+/+ cells but not in p53–/– cells (Fig. 
3C), indicating that PUMA regulation by Snail and BIRC3 was 
dependent on p53.

Involvement of BIRC3 in the EMT
Since Snail is a transcription factor involved in EMT, the 

possibility of the EMT involvement of BIRC3 binding to Snail 
was investigated. E-cadherin expression was decreased when 
BIRC3 was overexpressed (Fig. 4A, right panel). This reduc-
tion was similar to that when Snail was overexpressed (Fig. 
4A, left panel). Conversely, the expression of mesenchymal 
proteins, particularly N-cadherin, vimentin, and fibronectin, 
was significantly increased in Snail- and BIRC3-expressing 
cells compared with that in control-expressing cells (Fig. 4A). 
Conversely, when gene silencing was performed with siBRC3, 
the E-cadherin expression was restored, and the N-cadherin 
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and vimentin expression levels were decreased (Fig. 4A, right 
panel). This recovery was similar to that of Snail gene silenc-
ing (Fig. 4A, left panel).

MMPs play a pivotal role in invasion (Nagase and Woess-
ner, 1999) and are frequently up-regulated in EMT (Scheau 
et al., 2019). SKOV-3 cells were transfected with siSnail or si-
BIRC3 to demonstrate the effect of the siRNA-mediated down-
regulation of Snail and BIRC3 on MMP-2 and MMP-9, and 
target gene expression was evaluated through RT-PCR and 
Western blot. As shown in Fig. 4B, the knockdown of Snail or 
BIRC3 by siRNA markedly reduced the mRNA levels of MMP-
2 and MMP-9 (Fig. 4B).

DISCUSSION

EMT plays a critical role in ovarian tumour progression, in-
cluding enhancing cell migration and invasive ability (Vergara 
et al., 2010; Lili et al., 2013; Lambert and Weinberg, 2021). 
The relationship between Snail and BIRC3 in cellular bio-
logical function was previously unknown. Thus, in the pres-
ent study, we revealed that the BIRC3 protein, an inhibitor of 
apoptotic proteins, was a novel Snail-binding protein. 

In this study, the yeast two-hybrid method revealed that 
Snail interacted with BIRC3 (Fig. 1). BIRC3 is an IAP fam-
ily member that suppresses apoptotic cell death by interfering 
with caspase activation (Frazzi, 2021). In tumours, BIRC3 is 
often up-regulated in various cancers, including cervical can-

cer (Imoto et al., 2002; Wu et al., 2021b), hepatocellular carci-
noma (Zender et al., 2006; Jiang et al., 2021), non-small and 
small cell lung cancer (Ferreira et al., 2001; Dai et al., 2003; 
Liu et al., 2022), oesophageal squamous cell cancer (Imoto 
et al., 2001; Wu et al., 2021a), oral squamous cell carcinoma 
(Snijders et al., 2005; Bi et al., 2021), and pancreatic cancer 
(Esposito et al., 2007; Yu et al., 2021b). BIRC3 interacts with 
molecules other than Snail. For example, BIRC3 interacts with 
various intracellular proteins, such as receptor-interacting pro-
tein 1 (RIP1) (Bertrand et al., 2008), tumour necrosis factor 
receptor-associated factor 1 (TRAF1) (Li et al., 2002), TRAF2 
(Yoneda et al., 2000; Zheng et al., 2010), and ubiquitin-conju-
gating enzyme E2 D2 (UBE2D2) (Mace et al., 2008). 

Snail binds to various intracellular proteins, including the 
Sin3A/histone deacetylase 1 (HDAC1)/HDAC2 complex (Pei-
nado et al., 2004), polycomb repressive complex 2 (PRC2) 
(Herranz et al., 2008), 14-3-3 and protein arginine methyl-
transferase 5 (PRMT5)/AJUBA complex (Hou et al., 2008, 
2010), lysine-specific demethylase 1 (LSD1) (Lin et al., 2010), 
and small C-terminal domain phosphatase (SCP) (Wu et al., 
2009). This binding causes the inhibition of Snail dephos-
phorylation and stabilization following the loss of the Snail C-
terminal domain (Wu et al., 2009). Dong et al. (2013) reported 
that Snail interacts with the suppressor of variegation 3-9 ho-
molog 1 (Suv39H1) in vivo, and its expression is correlated 
with breast cancer metastasis. Therefore, BIRC3 is also a new 
member that combines with Snail.

Interestingly, the decrease in the BIRC3 expression induced 

Fig. 4. Changes in epithelial–mesenchymal transition (EMT) markers, regulatory factors and MMP2 and MMP9 following ovarian tumor cell 
transfection with Snail and BIRC3. (A) Expression of epithelial markers (E-cadherin and β-catenin) and mesenchymal markers (N-cadherin, 
vimentin, and fibronectin) in tumour cells with or without Snail and BIRC3 transfection were investigated by immunoblotting. β-actin was 
used as a loading control. (B) Snail and BIRC3 mRNA expression following transfection with various concentrations of siSnail and siBIRC3, 
respectively (upper panel). MMP-2 and MMP-9 mRNA expression was evaluated using RT-PCR (lower panel).
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a decrease in the Snail expression, and the decrease in the 
Snail expression inversely caused the decrease in the BIRC3 
expression (Fig. 2C). However, studies have yet to clarify how 
such a relationship can be established.

BIRC3 affects cell viability, as mentioned earlier (Frazzi, 
2021). In the present study, the effect of the interaction of 
Snail with BIRC3 on the survival of ovarian cancer cell lines 
was investigated, and the results indicated that siSnail treat-
ment significantly reduced cell survival. The simultaneous si-
BIRC3 treatment further increased this reduced survival (Fig. 
2B). The treatment with siSnail also induced a decrease in 
the expression of cell survival-related molecules, such as Bax, 
Bcl-XL, Mcl-1 and Bcl-2, and Snail re-expression reversed this 
observation and restored the expression of these cell survival 
molecules (Fig. 2D, left panel). Likewise, the treatment with 
siBIRC3 resulted in a decrease in cell survival-related mol-
ecules similar to siSnail, and BIRC3 re-expression similarly 
reversed this result (Fig. 2D, right panel). In our investigation 
into how BIRC3 and Snail expressed Bcl-2, treatment with 
siBIRC3 and siSnail induced a decrease in the Bcl-2 lucifer-
ase activity. Thus, siBIRC3 and siSnail appear to inhibit the 
Bcl-2 expression at the transcriptional level (Fig. 2E). Stud-
ies have yet to determine how snail and BIRC3 regulate the 
Bcl-2 expression at the transcriptional level. However, MnSOD 
overexpression confers cisplatin resistance in lung adenocar-
cinoma via the NF-κB/Snail/Bcl-2 pathway (Chen et al., 2015). 
Therefore, Snail is a member of an NF-κB/Snail/Bcl-2 axis that 
increases Bcl-2 expression. 

Herbert et al. (2010) demonstrated that mammary epithelial 
cells harbouring the TP53 M133T mutation displayed a signifi-
cant increase (20-40 fold) in the expression of the anti-apoptotic 
gene BIRC3. These results suggested an association between  
p53 and BIRC3. The siBIRC3 expression increased the p53 
expression, similarly, the knockdown of Snail, a binding part-
ner of BIRC3, increased the p53 expression (Fig. 3A). Snail 
and p53 were inversely correlated, and BIRC3 was likely in-
volved in this relationship. Snail and BIRC3 possibly affected 
p53 protein stabilization (Fig. 3B). Nevertheless, a study on 
the correlation between BIRC3, p53, and Snail is currently un-
derway.

As Snail plays an important role in EMT, the role of its bind-
ing protein BIRC3 in EMT was investigated. Similar to Snail 
expression, BIRC3 overexpression decreased the expression 
of E-cadherin and increased the expression of N-cadherin, vi-
mentin, and fibronectin (Fig. 4A). IL-1β induces the expression 
of BIRC3, which is involved in doxorubicin resistance in breast 
cancer cells. This resistance is a phenomenon related to EMT 
(Mendoza-Rodríguez et al., 2017). BIRC3 induces EMT in he-
patocellular carcinoma (Fu et al., 2019). Although this study 
did not present a direct mechanism of how to induce EMT, our 
results provided some relevant insights.

The knockdown of Snail expression by siSnail reduced the 
expressions of MMP-2 and MMP-9 (Fig. 4B). In an animal 
model, knockdown of Snail expression inhibited the growth 
and metastasis of ovarian tumours (Hojo et al., 2018). Overall, 
Snail plays a critical role in ovarian tumour growth and metas-
tasis via the regulation of MMP expression (Yokoyama et al., 
2003; Jin et al., 2010). Snail-binding BIRC3 knockdown also 
reduced the expression of MMP2 and MMP9. (Fig. 4B). These 
results suggested that BIRC3 was also involved in MMP ex-
pression and likely implicated in cancer invasion.

In summary, our study provided new insights into the critical 

role and regulatory function of Snail in cancer cell prolifera-
tion via BIRC3 and the relevant mechanism of BIRC3 in EMT 
via Snail. Studies on the triangle relationship between Snail, 
BIRC3, and p53 could yield interesting results.
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