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Abstract: Previous studies have suggested that Bcl2-
associated athanogene 2 (BAG2) serves as a crucial regulator
for tumorigenesis in multiple tumors. However, little is
known about the effect of BAG2 on esophageal squamous
cell carcinoma (ESCC). This study focused on investigating
whether BAG2 functions as a cancer-promoting gene in ESCC.
In this work, gene expression data and clinical information
from the NCBI Gene Expression Omnibus (GEO), Oncomine
and The Cancer Genome Atlas (TCGA) were collected and
analyzed. Expression of BAG2 in ESCC was determined using
quantitative reverse transcription polymerase chain reaction
(qRT-PCR). BAG2 was knocked down using small interference
RNA (si-RNA) approach. Cell proliferation, migration and
invasion were assessed by Cell Counting Kit-8 (CCK-8) and
transwell assays. Molecular mechanism was detected by
western blotting assay. The expression of BAG2 both in
ESCC tissues and cells was upregulated and overexpression
was associated with worsened prognosis. BAG2 silencing
inhibited ESCC cell proliferation, migration and invasion,
which was regulated by the phosphatidylinositol-3-kinase
(PI3K)/ protein kinase B (AKT) signaling pathway. These
results reveal contributions of BAG2 as a predictor and
potential therapeutic target in ESCC.
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1 Introduction

With 400,000 estimated deaths each year, esophageal
cancer has become the commonest type of malignancy in
the digestive system worldwide [1]. In China, esophageal
cancer has been ranked as the sixth primary cause
of new cancer and the fourth leading cause of cancer-
related deaths [2]. Esophageal squamous cell carcinoma
(ESCC) is identified as the most common histologic type
of esophageal cancer globally. Despite considerable
improvement in cancer therapy regimens over recent
decades, the five-year survival rate of ESCC remains
unsatisfactory [3], which is largely attributed to a paucity
of molecular pathogenesis. Therefore, elucidation of the
mechanism underlying the progression of ESCC and
the identification of specific biomarkers predicting the
prognosis are significant matters regarding the effective
strategies and improvements of the treatment of ESCC.
Bcl-2-associated athanogene (BAG)-family proteins,
are an evolutionarily conserved family of proteins,
originally determined in the study of the anti-apoptosis
protein Bcl-2 and participate in multiple functions, for
example stress response [4], neuron differentiation [5],
cell survival [6] and programmed cell death [7]. BAG2 is
identified as a co-chaperone protein and regulates the
ubiquitination and degradation of some proteins [8]. It
is strongly correlated with neurologic disease, such as
Parkinson’s disease [9, 10] and Alzheimer’s disease [11].
Notably, BAG2 is frequently upregulated in tumors and
its overexpression is associated with poor prognosis
in patients, including colon cancer, lung carcinoma
[12], osteosarcoma [13], fibrosarcoma [14]. BAG2 is
also reported to be involved in the pathogenesis of
glioblastomas [15]. BAG2 has been shown to participate
in pro- oncogenic mechanisms and its overexpression is
strongly correlated with progression and poor clinical
outcomes of triple-negative breast cancer [16]. It is
documented that BAG2 as a micro (mi-) RNA target gene
mediates neck squamous cell carcinoma growth and
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apoptosis [17]. Nevertheless, whether and how BAG2
modulates ESCC remained unclear until now.

Hence, the objective of our study was to investigate
the expression of BAG2 and the potential role of BAG2
in ESCC progression. In this study, we identified the
expression pattern of BAG2 in ESCC tissues or cells by
analyzing the data from Gene Expression Ominibus (GEO)
and Oncomine datasets. In addition, we determined the
association with BAG2 expression and prognosis of ESCC
patients. Moreover, the expression of BAG2 in ESCC cells
was confirmed. Furthermore, functional experiments
were applied to assess the effect of BAG2 on ESCC
proliferation, migration and invasion. Molecularly, the
underlying mechanism involved in BAG2 influencing
ESCC was explored. Taken together, our results may
contribute to a theoretical basis for ESCC diagnosis and
therapy in the further clinics.

2 Materials and methods

2.1 Data acquisition

GEO and Oncomine database were used to obtain and
analyze BAG2 gene expression data in ESCC and normal
samples. The Cancer Genome Atlas (TCGA) dataset
was downloaded to analyze the association of BAG2
expression and prognosis. The patients were divided into
high expression and low expression groups.

2.2 Cell culture

Human ESCC cell lines ECA109, OE19 and normal human
esophageal epithelial cell line HEEC were purchased
from JENNIO Biological Technology Co. ltd (Guangzhou,
China). All cells were cultured in RPMI1640 medium
(Thermo Fisher Scientific, Waltham, MA, USA) and was
supplemented with 10% FBS and antibiotics (100 pg/ml
streptomycin and 100 U/ml penicillin G, Thermo) in a
humidified incubator with 5% CO, at 37°C.

2.3 Cell transfection

Small interference RNA (siRNA) targeting BAG2 (si-
BAG2#1: 5’- CUGCU GUUGA GCAAG AGAA -3’; si-BAG2#2:
5’- AUCCU UCUGG AAAUG AUCC -3’) and its scramble
control (si-con) were synthesized by GenePharma Co.
Itd (Suzhou, China). Cell transfection was performed
using Lipofectamine 2000 reagent (Thermo) according
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to the protocol of manufacturer. The knockdown of
the targeting gene was confirmed by both quantitative
reverse transcription polymerase chain reaction (qRT-
PCR) and western blotting analyses.

2.4 Total RNA extraction and gRT-PCR

Total RNA was extracted from cells using TRIZOL reagent
(Thermo) following the manufacturer’s instructions.
RNAs were reverse-transcribed to single-strand cDNAs
using PrimeScript™ RT reagent kit and then amplified
using SYBR Premix Ex Taq kit (TaKaRa Bio, Shiga,
Japan) on an ABI-7900 Real-Time PCR Detection System
(7900HT, Applied Biosystems, Foster city, CA, USA) in
accordance with manufacturer’s protocols. GAPDH was
used as an endogenous control. The primer sequences
used were as follows: BAG2: F: 5’- CTAGC CACAT TAGGC
GCTCG -3, R: 5- GCGGC TGGAG TTAGA GGTTC -3
GAPDH: F: 5- GGAGC GAGAT CCCTC CAAA AT -3
R: 5- GGCTGTTGTCATACTTCTCATGG -3’. The relative
expression level of BAG2 was calculated using the 2-2¢
method. Experiments were carried out in triplicate.

2.5 Cell Counting Kit-8 (CCK-8) assay

ECA109 cells (1 x 10%) were seeded into 96-well plates
overnight. At 0, 24, 48, 72 or 96 h post-transfection,
10 pl Cell Counting Kit-8 solution (Dojindo Molecular
Technologies, Kumamoto, Japan) was added into each
well, followed by additional incubation of 1 h at 37°C.
The absorbance was measured by optical density at the
wavelength of 450 nm (OD450) to assess cell proliferation
capability.

2.6 Transwell migration and invasion assay

Transwell assay was performed to measure the migration
and invasion of ECA109 cells using transwell chambers
with polycarbonate membrane (Corning, NY, USA). For
invasion assay, the membrane was coated with Matrigel
(BD Bioscience, San Jose, CA, USA). The 200 pL cell
suspension containing 1 x 10* cells in FBS-free medium
was plated in the upper chamber and 600 pL medium
containing 10% FBS was added in the lower chamber.
After 24 h of culture, the membrane was washed with
PBS, fixed with 4% paraformaldehyde, and stained
with 0.1% crystal violet. After washing with water, the
cell numbers on the bottom sides of the membrane
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were counted in five randomly selected fields under
an inverted microscope at 200 x magnification. The
migration assay was performed as previous described
only without Matrigel. The experiments were carried out
in triplicate.

2.7 Western blotting analysis

Cellswereextracted fromusingradioimmunoprecipitation
(RIPA) lysis buffer (Beyotime) and then quantified
using a BCA Protein Assay Kit (Beyotime). Proteins
(20 pg) were separated by 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene fluoride
(PVDF) membranes for 1.5 h at 4°C. Then, membranes
were blocked with 5% skim milk in TBST at room
temperature for 1.5 h. The membranes were incubated
with primary antibodies against BAG2 (1:1000, Thermo),
phosphatidylinositol-3-kinase (PI3K), phosphorylated-
(p-)PI3K, protein kinase B (AKT), p-AKT and GAPDH
(1:1000, Cell Signaling Technology, Boston, MA, USA).
GAPDH was used as the loading control. The blots
were developed with an enhanced chemiluminescence
reagent (Thermo) and exposed on a ChemiDoc MP imager
(Bio-Rad Laboratories). Quantity One software (Bio-Rad
Laboratories) was used to quantify the band density. The
experiments were performed three times.

2.8 Statistics

Survival curves were plotted using the Kaplan-Meier
method, and the differences were analyzed by the log-
rank statistic. Student’s t-test was used to compare the
difference of data in different groups. P-values of less
than 0.05 presented the difference was statistically
significant. All statistical analyses were performed using
SPSS (version 22.0, SPSS Inc., Chicago, IL, USA) and
GraphPad Prism 6.0 (GraphPad Software Inc, LaJolla, CA,
USA). The results are representative of three independent
experiments.

Ethical approval: The conducted research is not related
to either human or animals use.
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3 Results

3.1 BAG2 expression is upregulated in
human ESCC tissue samples and cell lines

By comparing the data related with expression of BAG2
in ESCC tissues and normal samples obtained from GEO
and Oncomine dataset, mRNA level of BAG2 was highly
expressed in ESCC tissues as compared with normal
samples (Fig. 1A-C, P < 0.01). To further investigate the
biological function of BAG2, we assessed the expression
of BAG2 in ESCC cell lines, including ECA109 and OE19
and normal human esophageal epithelial cell line HEEC.
Consistently, the mRNA expression level of BAG2 in these
ESCC cell lines was significantly upregulate on comparing
HEEC (Fig. 1D, P < 0.01). ECA109 was chosen to further
investigate the role of BAG2, based on the result the mRNA
expression level of BAG2is the highest amongst these ESCC
cell lines. These data imply that BAG2 is of importance in
ESCC progression.

3.2 BAG2 high expression is correlated with
poor survival

By analyzing the data obtained from the TCGA dataset, the
overall survival (OS) rate of the ESCC patients with high
BAG2 expression was significantly poorer than that of the
patients with low BAG2 expression (P = 0.038; Fig. 2).

3.3 Knockdown of BAG2 in ESCC cells
inhibits cell proliferation

To determine the effect to biological behavior of
overexpression of BAG2in ESCCcells, we used siRNA toknock
down BAG2 expression in ECA109 cells. The suppression of
BAG2 by siRNAs was checked using qRT-PCR and western
blotting analyses. In ECA109 cells which overexpress BAG2,
the expression level of the BAG2 mRNA and protein was
more efficiently diminished after the transfection with the
si-BAG2#1/2 than with the si-con (Fig. 3A and B, P < 0.01).
Based on the repressive effect of si-BAG2#1 on ECA109 cells,
we used it to perform subsequent experiments. In order
to assess the oncogenic role of BAG2, we first conducted a
CCK-8 cell proliferation assay. The OD values in ESCC cells
were markedly reduced in si-BAG2 group compared with
si-con group after transfection of 48, 72 h and 96 h (Fig. 3C,
P < 0.01). Overall, these results suggest that BAG2 regulates
the proliferation of ESCC.
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Figure 1. Significantly upregulated expression of BAG2 in ESCC tissues and cells. A-C, BAG2 was highly overexpressed in ESCC tissues or
cells compared with normal samples based on the data from GEO and Oncomine datasets. D, BAG2 was detectably elevated in ESCC cells in
contrast with normal cells. Results are expressed as the mean + SD of three independent experiments. **: P< 0.01.

3.4 Depletion of BAG2 expression represses Overall Survival
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low BAG2 expression.
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Figure 3. Proliferation of ESCC cells was inhibited by BAG2 silencing. A-B, mRNA and protein level of BAG2 was lower in ESCC cells treated
with si-BAG2#1/2 than that in si-con. C, The OD values were decreased in ESCC cells transfected with si-BAG2. Results are expressed as the

mean  SD of three independent experiments. **: P< 0.01.

signaling is of significance in various tumors initiation
and progression. A significant reduction in p-PI3K and
p-AKT, not PI3K and AKT, was demonstrated in ESCC
cells that were treated with si-BAG2 compared with those
transfected with si-con (Fig. 5, P < 0.01). Altogether, these
data indicate that BAG2 plays an oncogenic role in ESCC
by affecting cell proliferation, migration and invasion,
which is modulated by PI3K/AKT signaling pathway.

4 Discussion

In the current work, our investigations herein
demonstrated that BAG2 was highly overexpressed both
in ESCC tissues and cells. Our data also showed that
overexpression of BAG2 correlated with poorer OS of ESCC
patients. Additionally, knockdown of BAG2 expression
using si-RNA approach exhibited a repressive effect of
ESCC cell proliferation, migration and invasion, which was
possibly regulated by suppression of PI3K/AKT signaling.
These observations imply that BAG2 may function as a
potential target for treating or preventing ESCC.
Mounting evidence has confirmed that carcinogenesis
is a complicated process involving large numbers of
molecules and biological pathways important for cancer
development. In this study, upregulated BAG2 in ESCC
tissues and cells was identified through bioinformatics
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Figure 4. Knockdown of BAG2 repressed the migration and invasion
of ESCC cells. A, Transwell migration and invasion assays were
applied to evaluate the motility of ESCC cells. B, The migrated and
invaded cell number of ESCC cells was quantified. Original magni-
fications: x200. Results are expressed as the mean + SD of three
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independent experiments. **: P < 0.01.
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Figure 5. Knockdown of BAG2 suppressed the activation of PI3K/AKT pathway in ESCC cells. A, Total proteins were subjected to western blot
analysis using PI3K, p-PI3K, AKT and p-AKT antibodies. B, Quantification analysis was performed using Quantity One software.

and qRT-PCR analyses. Significantly, overexpression of
BAG2was closely associated with poorer prognosis of ESCC
patients as compared with samples of low-expression of
BAG2. These data indicate a pro-oncogenic role of BAG2
in ESCC. Of note, current studies have demonstrated that
BAG2 is highly expressed in various types of cancers,
namely, osteosarcoma, fibrosarcoma, et al., in addition,
high-level of BAG2 is correlated with poor outcome of
clinic tumor patients [14, 18]. Collectively, previous studies
in combination with our current work suggest a potential
oncogenic role of BAG2 in ESCC.

Studies in some of cancers have suggested that BAG2
plays a vital role in tumorigenesis via involving in tumor
growth [17, 19]. Kyung-Min et al have documented that
BAG2 expression induces metastasis of triple-negative
breast cancer [16]. It is well-established that unbridled
proliferation and metastasis are the characteristics
of tumorigenesis [20, 21]. Hereby, to further verify
the oncogenic role of BAG2 in ESCC, we carried out
wound-healing and transwell assays to determine ESCC
proliferation, migration and invasion after treatment
with si-BAG2. Results showed that markedly decreased
proliferation, migration and invasion of ESCC was found
in si-BAG2 group as compared with si-con group. This
evidence indicates that BAG2 might act as a significant
oncogene in ESCC development.

Numerous studies have revealed that PI3K/AKT
signaling pathway is responsible for occurrence and
development of tumors [22, 23]. Previous research has
confirmed that activation of the PI3K/AKT pathway
contributes to the progression of ESCC, including
facilitating cell viability, abilities of colony formation

and cell migration [24]. Moreover, PI3K, p-PI3K, AKT and
p-AKT are significantly upregulated in tumor tissues.
Additionally, some of these molecules are correlated with
0S and progression-free survival and even are proved to
be an independent adverse prognostic factor for OS in
ESCC [25]. Huang et al have reported that dual mTORC1
and mTORC2 inhibitor could exhibit effective antitumor
action of ESCC [26]. To gain insight of the underlying
mechanism of BAG2 regulation of ESCC progression, we
assessed the expression of critical oncogenic members
of the signaling pathways including PI3K, p-PI3K, AKT
and p-AKT. The results obtained from western blotting
analysis showed that p-PI3K and p-AKT, not PI3K and
AKT, were obviously decreased in si-BAG2 group on
comparing si-con group. Overall, these data also suggest
a likely mechanism by which BAG2 exerts a pro-oncogenic
action of ESCC. However, a limitation of the study is that
only one cell line was used to perform most of functional
experiments. There is also a lack of animal evidence.
Thus, additional research is required. Although there
are several limitations to this study, our preliminary data
offer a theoretical basis for ESCC pathogenesis and aid to
unearth a novel therapeutic management for ESCC.

In conclusion, this is the first report suggesting that
BAG2 plays a vital role in ESCC progression. Our results
showed that elevated expression of BAG2 was identified
in ESCC tissues and cells, in addition, overexpression
of BAG2 was closely associated with worsened OS of
ESCC patients. Functional analyses suggested that BAG2
downregulation could inhibit ESCC cell proliferation,
migration and invasion, which was linked with PI3K/
AKT signaling repression. Our findings provide evidence
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that BAG2 might serve as an important oncogene in
ESCC progression, thus targeting it predicts a promising
therapeutic strategy for ESCC patients.
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