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Abstract. As a mitotic spindle checkpoint gene, baculoviral 
IAP repeat containing 5 (BIRC5) serves pivotal roles in 
the development of various types of malignant tumors. In 
the present study, the expression of BIRC5 in patients with 
different stages of esophageal squamous cell cancer (ESCC) 
was investigated. The effect of BIRC5 on the migratory and 
invasive abilities of different ESCC cell lines was analyzed. 
Additionally, the effect of BIRC5 on the angiogenesis‑associ-
ated factor vascular endothelial growth factor, brain‑specific 
angiogenesis inhibitor 1 and methyl‑CpG binding domain 
protein 2 was examined. In addition, the interaction between 
BIRC5 and the phosphatidylinositol 3‑kinase (PI3K)/Akt 
pathway was analyzed. It was determined that BIRC5 is able to 
inhibit the migration and invasion of tumor cells, and regulate 
the expression of angiogenesis‑associated factors. In addition, 
the PI3K/Akt signaling pathway is able to regulate the expres-
sion of BIRC5, which affects the development of ESCC.

Introduction

As a type of malignant tumor that develops in the esophagus, 
esophageal cancer affects ~0.3% of females and 0.8% of 

males  (1). Currently, esophageal cancer is one of the least 
studied but one of the deadliest types of malignant tumor due 
to a low survival rate and the extremely aggressive nature of 
esophageal cancer cells (2,3). The progression of esophageal 
cancer is a complex process involving various internal and envi-
ronment factors (1,3). Previous studies have demonstrated that 
risk factors for esophageal cancer include drinking hot water, 
poor oral health, smoking, consumption of red meat, alcohol, 
low socioeconomic status and numerous other factors (3,4). 
With the development of treatments for malignant tumors, the 
overall survival rates of patients with a number of different of 
cancer types have been significantly improved over the past 
decades (5). However, the treatment of esophageal cancer is 
unreliable for providing satisfactory outcomes due to an unclear 
understanding of its pathogenesis (1,6). Therefore, understanding 
the mechanisms underlying esophageal cancer to improve the 
treatment of this disease is of great clinical significance.

Mitotic spindle checkpoint signaling, which is essential for 
normal cell division, has been indicated to be involved in the 
development of a variety of cancer types (7). A previous study 
indicated that the alternative reading frame tumor suppressor 
may maintain mitotic checkpoint fidelity to prevent chromo-
somal instability (8), indicating the crosstalk between mitotic 
checkpoint fidelity and tumor development. As a mitotic 
spindle checkpoint gene, baculoviral IAP repeat containing 5 
(BIRC5) was determined to have the ability to regulate cell 
apoptosis (9). BIRC5 was also indicated to be involved in the 
onset and development of various types of malignant tumors, 
including breast (10), colorectal (11) and gastric cancer (12). 
Therefore, BIRC5 may also serve important roles in the devel-
opment of esophageal cancer. The level of BIRC5 expression 
was reported to be increased in esophageal squamous cell 
carcinoma tissues compared with normal human tissues (13). 
However, the specific roles of BIRC5 in the pathogenesis of 
esophageal cancer have not been well studied.

In the present study, expression levels of BIRC5 in patients 
with different stages of esophageal cancer and in different 
esophageal cancer cell lines were detected. The effect of 
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BIRC5 on tumor cell migration and invasion was explored. The 
association between BIRC5 and angiogenesis‑associated factor 
vascular endothelial growth factor (VEGF), brain‑specific 
angiogenesis inhibitor 1 (BAI1) and methyl‑CpG binding 
domain protein 2 (MBD2), and the phosphatidylinositol 
3‑kinase (PI3K)/Akt pathway was also investigated.

Materials and methods

Patients. A total of 178 patients with esophageal cancer diag-
nosed via pathological examination and imaging methods, 
including mini‑probe ultrasonography, spiral computed 
tomography and magnetic resonance imaging were selected 
at The Fourth Affiliated Hospital of Hebei Medical University 
(Shijiazhuang, China) from May 2015 to September 2016. The 
patients included 81 males and 97 females, with an age range of 
35‑89 years old and a mean age of 54±7.8 years. The inclusion 
criteria are as follows: i) Diagnosis of malignant esophageal 
tumor and ii)  signing of informed consent. The exclusion 
criteria are as follows: i) Patients with other types of malig-
nant tumors; ii) patients with severe coagulation dysfunction 
and iii) patients who refused to sign the informed consent. 
The present study was approved by the Ethics Committee of 
The Fourth Affiliated Hospital of Hebei Medical University. 
According to the pathological examination and imaging 
results, the patients were divided into different stages of 
esophageal cancer according to the following criteria, as 
previously described (14): T0, no detection of primary tumor 
(n=30); Tis, high‑grade dysplasia (n=25); T1, muscularis 
mucosae, lamina propria or submucosa invaded by the tumor 
(n=29); T2, muscularis propria invaded by the tumor (n=29); 
T3, adventitia invaded by the tumor (n=32); T4, adjacent struc-
tures invaded by the tumor (n=33). No significant difference in 
age, sex and other basic information was determined among 
patients in different stages of esophageal cancer.

Cell lines and cell culture. Homo sapiens esophageal normal 
cell line Het‑1A, esophageal cancer cell line KYSE510 
and EC9706 were purchased from American Type Culture 
Collection (Manassas, VA, USA). All cells were cultured in 
RPMI‑1640 medium (HyClone; GE Healthcare Life Sciences, 
Logan, UT, USA) containing 10% fetal bovine serum (FBS; 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) in an incubator at 37˚C with an atmosphere containing 
5% CO2. FBS was not added for cells used for treatment with 
the PI3K/Akt pathway activator SC79 (10 µM).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from tumor tissue and 
in  vitro cultured cells using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), and cDNA was synthesized 
using SuperScript III reverse transcriptase kit (Thermo 
Fisher Scientific, Inc.). Reverse transcription conditions were: 
50 min at 50˚C and 5 min at 85˚C. SYBR®‑Green Real‑Time 
PCR Master Mix (Thermo Fisher Scientific, Inc.) was used 
to prepare PCR reaction system, and PCR reactions were 
performed on a CFX96 Touch™ Real‑Time PCR Detection 
system (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). The 
following primers were used in PCR: BIRC5, forward, 5'‑TGC​
CTG​GCA​GCC​CTT​TC‑3' and reverse, 5'‑CCT​CCA​AGA​

AGG​GCC​AGT​TC‑3'; VEGF, forward, 5'‑ATC​TTC​AAG​CCA​
TCC​TGT​GTG​C‑3' and reverse, 5'‑CAA​GGC​CCA​CAG​GGA​
TTT​TC‑3'; BAI1, forward, 5'‑GCA​AAC​CAA​GTT​CTG​CAA​
CAT‑3' and reverse, 5'‑GCA​AAC​CAA​GTT​CTG​CAA​CAT‑3'; 
MBD2, forward, 5'‑CCC​TGC​TGT​TTG​GCT​TAA​CAC​ATC​
TC‑3' and reverse, 5'‑TGC​GTA​CTT​GCT​GTA​CTC​GCT​CTT​
C‑3'; GAPDH, forward, 5'‑GAG​TCA​ACG​GAT​TTG​GTC​
GT‑3' and reverse, 5'‑TTG​ATT​TTG​GAG​GGA​TCT​CG‑3' for 
GAPDH. The PCR reaction conditions were: 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 10 sec and 50˚C for 45 sec. 
The data were analyzed using the 2‑∆∆Cq method  (15), and 
the relative expression level of each gene was normalized to 
endogenous control GAPDH.

Small‑interfering (si)RNA transfection. BIRC5 siRNA 
(catalog no.  121294) was purchased from Thermo Fisher 
Scientific, Inc. Silencer® negative control #1 siRNA (Thermo 
Fisher Scientific, Inc.) was used as a negative control. 
Oligofectamine™ reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to transfect 40 nM siRNA into 5x105 
cells by incubation with the cells at 37˚C in a CO2 incubator for 
4 h, followed by incubation in RPMI‑1640 medium (Hyclone; 
GE Healthcare Life Sciences, Logan, UT, USA) at 37˚C for 
48 h prior to harvest.

Transwell migration and invasion assays. Cell migratory 
ability of each cell line was measured using Transwell cell 
migration assay (polyester inserts, BD Biosciences, Franklin 
Lakes, NJ, USA). In brief, ~5x104 cells were transferred to 
the upper chamber containing RPMI‑1640 medium without 
FCS, while RPMI‑1640 medium (Thermo Fisher Scientific, 
Inc.) containing 20% FCS (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was used to fill the lower chamber. The 
membrane was collected 24 h later, followed by staining for 
20 min with 0.5% crystal violet at room temperature. Following 
staining, the cells on the membrane were counted under a 
light microscope (magnification, x20; Olympus Corporation, 
Tokyo, Japan). Cell invasion assay was performed using the 
same method except that Matrigel (cat no.  356234; EMD 
Millipore, Billerica, MA, USA) was used to coat the upper 
chamber prior to experiment. Each experiment was repeated 
3 times to calculate the mean value.

Western blot analysis. Total protein was extracted from cells 
using Cell Lysis Solutions (Thermo Fisher Scientific, Inc.), 
and BCA method was used to measure protein concentra-
tion. Following denaturation, 30 µg protein (mass per lane) 
from each sample was subjected to electrophoresis using 
10% SDS‑PAGE gel, followed by transfer to polyvinylidene 
fluoride membranes. Following washing with TBS with Tween 
20 (TBST) buffer three times for 10 min, the membrane was 
blocked with 5% skimmed milk for 2 h at room temperature. The 
membranes were then incubated with corresponding primary 
antibodies including rabbit anti‑BIRC5 polyclonal antibody 
(dilution, 1:1,000; catalog no. MBS151070; MyBioSource, Inc., 
San Diego, CA, USA), rabbit anti‑VEGF polyclonal antibody 
(dilution, 1:1,000; catalog no. bs‑0279R; Biomathematics and 
Statistics Scotland, Edinburgh, Scotland), rabbit anti‑BAI1 poly-
clonal antibody (dilution, 1:1,000; catalog no. MBS8242484; 
MyBioSource, Inc.), rabbit anti‑MBD2 polyclonal antibody 
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(dilution, 1:1,000; catalog no. MBS126361; MyBioSource, 
Inc.), rabbit anti‑phospho (p)‑Akt polyclonal antibody (dilu-
tion, 1:1,000; catalog no. MBS330024; MyBioSource, Inc.) 
and rabbit anti‑GAPDH polyclonal antibody (dilution, 1:1,000; 
catalog no. MBS9216842; MyBioSource, Inc.) overnight at 
4˚C. The membrane was then washed with TBST three times 
(10 min each time), followed by incubation with goat anti‑rabbit 
IgG‑horseradish peroxidase secondary antibody (dilution, 
1:1,000; catalog no. MBS435036; MyBioSource, Inc.) at room 
temperature for 2 h. Following washing, chemiluminescence 
method was used to detect the signal, and the relative expres-
sion level of each protein was calculated by normalizing to the 
endogenous control GAPDH using the ImageJ 1.48 software 
(National Institutes of Health, Bethesda, MD, USA).

S ta t i s t ica l  a na lys i s.  SPSS st a t i s t ica l  sof twa re 
(version 19.0; IBM Corp., Armonk, NY, USA) was used for 
statistical analysis. All data are expressed as the mean ± stan-
dard deviation. Comparisons between two groups of data were 
performed using an unpaired Student's t‑test. Comparisons 
among multiple groups were performed using one‑way analysis 
of variance, followed by the least significant difference test. 

P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression level of BIRC5 mRNA in patients with different 
stages of esophageal cancer. Total RNA was extracted from 
tumor tissues collected from patients with different stages of 
esophageal cancer to detect the mRNA expression of BIRC5. 
As presented in Fig. 1A and B, an increased level of BIRC5 
mRNA expression was observed with the progression of 
esophageal cancer. Those results indicated that BIRC5 may be 
involved in the development of esophageal cancer.

Expression of BIRC5 gene in different cell lines. The expres-
sion levels of BIRC5 in Homo sapiens normal esophageal cell 
line Het‑1A, and esophageal cancer cell lines KYSE510 and 
EC9706 were detected by RT‑qPCR and western blotting at 
the level of mRNA and protein, respectively. As presented in 
Fig. 2, the levels of mRNA and protein of BIRC5 were deter-
mined to be significantly increased in KYSE510 and EC9706 
cells compared with Het‑1A cells (P<0.05). Compared with 

Figure 1. Relative expression levels of BIRC5 mRNA in patients with different stages of esophageal cancer. (A) Mean expression level of BIRC5 mRNA in 
each group. (B) Expression level of BIRC5 mRNA in 2 representative cases of patients in each stage. *P<0.05, compared with the patients with an earlier stage 
of disease. BIRC, baculoviral IAP repeat containing 5; T0, primary tumor cannot be detected; Tis, high‑grade dysplasia; T1, muscularis mucosae, lamina 
propria or submucosa invaded by the tumor; T2, muscularis propria invaded by the tumor; T3, adventitia invaded by the tumor; T4, adjacent structures invaded 
by the tumor.

Figure 2. Relative mRNA and protein expression levels of BIRC5 in different cell lines. (A) Relative mRNA expression levels of BIRC5 in different cell 
lines. (B) Representative results of western blot analysis. (C) Relative protein expression levels of BIRC5 in different cell lines. *P<0.05 vs. Het‑1A; #P<0.05 
vs. KRSE510. BIRC5, baculoviral IAP repeat containing 5.
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KYSE510, mRNA and protein expression levels of BIRC5 
were significantly increased in EC9706 cells (P<0.05).

Effects of BIRC5 siRNA silencing on the expression levels 
of angiogenesis‑associated factor VEGF, BAI1 and MBD2 
proteins in different cell lines. The protein expression levels of 
VEGF, BAI1 and MBD2 in different cell lines with or without 
BIRC5 silencing were detected by western blot analysis. No 
significant differences in expression of those proteins were 
detected between the control group (untransfected cells) and 
negative control group (Silencer® Negative Control #1 siRNA; 
data not shown). As depicted in Fig. 3A and B, the expression 
level of BIRC5 was significantly decreased in all three cell 

lines following siRNA transfection compared with untrans-
fected cells (P<0.05), indicating that BIRC5 expression was 
successfully silenced. Compared with untransfected cells, 
the levels of VEGF and BAI1 protein expression significantly 
increased (P<0.05; Fig. 3C‑F), and the level of MBD2 protein 
expression significantly decreased in BIRC5‑silenced cells 
(P<0.05; Fig.  3G and H). These results indicated that the 
expression level of BIRC5 is positively associated with the 
expression levels of VEGF and BAI1 and negatively associ-
ated with the expression level of MBD2.

Effects of BIRC5 silencing on migration and invasion in 
different cell lines. The migratory and invasive abilities of cells 

Figure 3. Expression levels of BIRC5, VEGF, BAI1 and MBD2 in different cell lines with or without BIRC5 siRNA. (A) Representative western blot analysis 
results and (B) relative protein expression level of BIRC5. (C) Representative western blot analysis results and (D) relative protein expression level of VEGF. 
(E) Representative western blot analysis results and (F) relative protein expression level of BAI1. (G) Representative western blot analysis results and (H) rela-
tive protein expression level of MBD2. *P<0.05 vs. untransfected cells. BIRC5, baculoviral IAP repeat containing 5; VEGF, vascular endothelial growth factor; 
BAI1, brain‑specific angiogenesis inhibitor 1; MBD2, methyl‑CpG binding domain protein 2; siRNA, small‑interfering RNA.
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Figure 5. Relative expression levels of BIRC5 mRNA and protein in different cell lines with or without SC79 treatment. (A) The effect of SC79 treatment on 
the expression levels of p‑AKT in different cell lines. (B) Relative mRNA expression levels of BIRC5 in different cell lines. (C) Representative western blot 
analysis results of BIRC5. (D) Relative protein expression levels of BIRC5 in different cell lines. (E) The effect of SC79 treatment on the expression levels 
of VEGF in different cell lines. (F) The effect of SC79 treatment on the expression levels of BAI1 in different cell lines. (G) The effect of BAI1 treatment on 
the expression levels of MBD2 in different cell lines. *P<0.05 vs. untreated cells. BIRC5, baculoviral IAP repeat containing 5; VEGF, vascular endothelial 
growth factor; MBD2, methyl‑CpG binding domain protein 2; BIRC5, baculoviral IAP repeat containing 5; VEGF, vascular endothelial growth factor; BAI1, 
brain‑specific angiogenesis inhibitor 1; MBD2, methyl‑CpG binding domain protein 2; p‑Akt, phospho‑Akt.

Figure 4. Relative cell invasion and migration of different cell lines. (A) Relative cell invasion of different cell lines. (B) Relative cell migration of different cell 
lines. *P<0.05 vs. untransfected cells. #P<0.05 vs. KYSE510 cells administered with the same treatment. BIRC5, baculoviral IAP repeat containing 5; siRNA, 
small‑interfering RNA.
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in different cell lines were detected using Transwell migration 
and invasion assays. No significant differences in migratory 
and invasive abilities of those cell lines were detected between 
the control group (untransfected cells) and the negative 
control group (Silencer® negative control #1 siRNA; data not 
shown). As presented in Fig. 4A, the invasive abilities of the 
cells were significantly decreased following BIRC5 silencing 
compared with untransfected cells (P<0.05). Similar results 
were observed in the cell migration assay. The silencing of 
BIRC5 was able to significantly reduce the migratory ability of 
all three cell lines compared with untransfected cells (P<0.05). 
Those results indicated that the silencing of BIRC5 was able to 
inhibit the migration and invasion of normal and esophageal 
cancer cells. In addition, the migratory and invasive abilities 
of the esophageal cancer cell line EC9706 with or without 
BIRC5 silencing were significantly higher compared with the 
esophageal cancer cell line KYSE510 with the same treatment 
(P<0.05; Fig. 4A and B).

Effect of the PI3K/Akt signaling pathway activator SC79 on the 
expression level of BIRC5. A previous study has demonstrated 
that the expression and accumulation of BIRC5 was regulated 
via the PI3K/Akt pathway (16). The PI3K/Akt pathway activator 
SC79 was used to treat different cell lines, and the mRNA and 
protein expression levels of BIRC5 in cells that were treated with 
or without SC79 were detected by RT‑qPCR and western blot 
analysis, respectively. As presented in Fig. 5A, the expression 
level of p‑Akt was increased in all three cell lines following SC79 
treatment, indicating the activation of the PI3K/Akt pathway. As 
presented in Fig. 5B, compared with untreated cells, the mRNA 
expression level of BIRC5 was significantly increased in cells 
that were treated with SC79 in the same cell line (P<0.05). 
Similar results were detected for the levels of BIRC5 protein 
expression, where the treatment with SC79 was able to signifi-
cantly increase the protein expression level of BIRC5 (Fig. 5C 
and D). Furthermore, RT‑qPCR was performed to detect the 
mRNA expression of VEGF, BAI1 and MBD2 following SC79 
treatment. The results indicated that the expression levels of 
VEGF (Fig. 5E) and BAI1 (Fig. 5F) were significantly increased 
and the expression level of MBD2 (Fig. 5G) was significantly 
decreased following treatment with SC79. These results indi-
cated that the activation of the PI3K/Akt signaling pathway may 
upregulate the mRNA and protein expression level of BIRC5, 
which in turn promote the expression of VEGF and BAI1 and 
inhibit the expression of MBD2.

Discussion

BIRC5, also termed survivin, is an anti‑apoptosis gene that 
has been demonstrated to be involved in the progression of 
a variety of malignant tumor types (17). The expression of 
BIRC5 was indicated to increase in tumor tissues, compared 
with normal healthy tissues (12). In a study on breast cancer, 
Zu  et  al  (18) reported that the expression of BIRC5 was 
significantly upregulated by the pro‑oncogene zinc finger 
and BTB‑domain containing 7A, which in turn promoted the 
progression of breast cancer. The expression level of BIRC5 was 
also determined to be significantly increased in colon cancer, 
and the increased expression of BIRC5 was maintained during 
the development of tumor (19). A previous study reported that 

BIRC5 expression level was continuously increased with the 
development of cervical cancer (20). In a study on esophageal 
cancer, Kato et al (21) determined that the expression level 
of BIRC5 was increased to different extents in patients with 
esophageal cancer, and patients with higher expression levels 
of BIRC5 were determined to have a reduced survival time 
compared with those with lower expression levels, indicating 
that the expression level of BIRC5 may be used as a predictor 
for the survival of patients.

In the present study, the expression level of BIRC5 was 
indicated to increase with the progression of esophageal cancer. 
In addition, the expression level of BIRC5 was also determined 
to be significantly increased in esophageal cancer cell lines 
KYSE510 and EC9706, compared with the Homo  sapiens 
normal esophageal cell line Het‑1A, which further confirms 
that BIRC5 may be involved in the development of esophageal 
cancer. Previous studies have demonstrated that BIRC5 is able 
to promote the migration and invasion of a number of different 
types of tumor cells (22). In the present study, the silencing of 
BIRC5 by siRNA was determined to be able to significantly 
reduce the migratory and invasive abilities of the normal 
esophageal and two esophageal cancer cell lines. In addition 
compared with KYSE510, a significantly higher expression 
level of BIRC5 mRNA, and increased migratory and invasive 
abilities were detected in the EC9706 cell line, indicating that 
the expression level of BIRC5 may be positively associated with 
the migration and invasion abilities of esophageal cancer cells.

Angiogenesis serves pivotal roles in the development of 
cancer (23), and anti‑angiogenic therapy has been indicated to be 
a promising strategy in the treatment of various cancer types (24). 
VEGF and BAI1 are two factors that can promote angiogenesis, 
while MBD2 can interact with the tumor suppressor gene BAI1 
to inhibit its anti‑angiogenic function (25). It is understood 
that BIRC5 serves pivotal roles in angiogenesis during tumor 
development (26). In a study on glioma, BIRC5 was determined 
to promote angiogenesis through the interactions with VEGF 
in vivo and in vitro (26). In the present study, the silencing of 
BIRC5 by siRNA in three different cell lines were determined 
to reduce the expression levels of VEGF and BAI1 protein and 
increase the expression level of MBD2 protein, indicating that 
the downregulation of BIRC5 may be able to inhibit angiogen-
esis in esophageal cancer.

The PI3K/AKT signaling pathway, which serves key 
roles in a variety of physiological and biochemical processes, 
including cell proliferation, migration and invasion, is usually 
activated in different types of human cancer (27). Treatment 
strategies that aimed to inhibit the PI3K/AKT signaling 
pathway has been frequently used in the treatment of various 
types of human cancer, including endometrial  (28) and 
colorectal cancer (29). A previous study has demonstrated 
that PI3K is able to regulate the expression of BIRC5 in the 
human ovarian cancer cell line OVCAR‑3 via the activation of 
Akt. In the present study, the expression level of BIRC5 was 
significantly increased following the activation of PI3K/AKT 
signaling pathway. Furthermore, the expression levels of 
VEGF and BAI1 were significantly increased and the expres-
sion level of MBD2 was significantly decreased following 
treatment with SC79. Those results indicated that the activa-
tion of the PI3K/Akt signaling pathway may upregulate the 
levels of BIRC5 mRNA and protein expression, which in turn 
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promote the expression of VEGF and BAI1, and inhibit the 
expression of MBD2.

In conclusion, BIRC5 may be able to promote the 
development of esophageal cancer via regulating the expres-
sion of angiogenesis‑associated factor and increasing 
the migration and invasion of tumor cells. The activation 
of the PI3K/Akt signaling pathway is able to upregulate the 
expression level of BIRC5 to participate in development of 
esophageal cancer.
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