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Abstract
Gastric cancer (GC) is a commonly occurring neoplasm worldwide. The occurrence of multidrug resistance (MDR) in GC cells is
the main obstacle to effective GC chemotherapy. The aim of the present study was to reveal the functional role and the underlying
mechanisms of basic leucine zipper ATF-like transcription factor 2 (BATF2), a novel tumor suppressor, onMDR in GC cells. Here,
we first found that SGC7901/VCR and SGC7901/ADR cells had higher drug resistance than SGC7901 cells using methylthiazol
tetrazolium (MTT) and flow cytometry analysis. Moreover, MDR-related proteins and Wnt/β-catenin pathway markers were all
upregulated in SGC7901/VCR cells compared to SGC7901 cells by quantitative reverse transcription-PCR (qRT-PCR) and western
blot analyses. Subsequently, we observed BATF2 was downregulated in SGC7901/VCR cells and BATF2 overexpression signif-
icantly induced cell cycle G0/G1 phase arrest and apoptosis. Furthermore, overexpression of BATF2 could suppress Wnt/β-catenin
signaling and increase drug susceptibility by downregulatingWnt/β-catenin pathwaymarkers. In addition, knockdown ofβ-catenin
imitated the effects of BATF2 overexpression on drug susceptibility. Importantly, enhancing the Wnt/β-catenin pathway could
reverse the inhibitory effects of BATF2 on MDR. In conclusion, BATF2 was downregulated in MDR GC cells and overexpression
of BATF2 could reverse the MDR of GC cells by inactivating the Wnt/β-catenin pathway.
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Introduction

Worldwide, gastric cancer (GC) was the most prevalent type of
cancer in the past, and today it is still the fourth most common
type of cancer globally (Bray et al. 2013; Van Cutsem et al.
2016), as well as the second most prevalent cancer in China
after lung cancer. In 2015, there were an estimated 498,000
deaths associated with GC in China (Chen et al. 2016).
Despite crucial improvements in GC diagnosis strategies, the
burden of GC is still high (Zhang and Ge 2013; Ferro et al.
2014; Zheng et al. 2017). Currently, adequate surgical removal
of lesions at the early stages is still the only curative treatment
for GC, while most patients who are diagnosed at advanced

stages still have poor prognosis after operative treatment (Van
Cutsem et al. 2011; Lutz et al. 2012; Zhang et al. 2018).
Chemotherapy is another therapeutic option that can help erad-
icate malignant cells. However, the 5-yr survival rate of GC
patients remains low and does not reach 30% as a result of
the gradually developing resistance of GC cells to chemother-
apy that occurs during treatment (Rugge et al. 2017; Eom et al.
2018; Wang et al. 2018). Multidrug resistance (MDR) in GC
cells is deemed to be the primary cause of chemotherapy failure,
accounting for the stubbornly high death rate observed in GC
patients (Jemal et al. 2010; Fodale et al. 2011).

Despite a great number of studies involving MDR in neo-
plastic cells, GCMDR is still not fully understood. Therefore,
it would be helpful to elucidate the molecular mechanisms
underlying the initiation of MDR in GC cells and then solve
the problem of refractory tumors. The ATP binding cassette
(ABC) transporter is a critical mediator of drug efflux (Gillet
et al. 2007). As an ABC transporter, P-glycoprotein (P-gp) is
one of the most studied molecules inMDR and it can transport
chemotherapeutic drugs out of cancer cells by means of ATP
hydrolysis (Yuan et al. 2017). P-gp has been reported to usu-
ally be upregulated in cancer cells and is a key factor for the
development of MDR (Sun et al. 2012).
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TheWnt/β-catenin pathway is highly conserved throughout
evolution. The proteins belonging to the Wnt family are impor-
tant regulators of cell proliferation, differentiation, and adhesion
(He et al. 1998; Tetsu and McCormick 1999; MacDonald et al.
2009). The Wnt signaling pathway plays a crucial role in reg-
ulating tumor initiation and over activation of theWnt signaling
pathway is common in several cancers (Klaus and Birchmeier
2008). Hence, research focusing on the Wnt signaling pathway
has become a primary factor in studies of drug design. The β-
catenin molecule is the key effector responsible for transduction
of the signal to the nucleus in the Wnt pathway. When β-
catenin accumulates in the cytoplasm, it is translocated to the
nucleus, where it associates with DNA binding transcription
factors of the T cell factor/lymphoid enhancer factor (TCF/
LEF) and then activates the transcription of target genes
(Valenta et al. 2012). Moreover, inactivation of the Wnt/β-
catenin pathway can downregulate expression of P-gp in a va-
riety of human cancers and can reverse MDR (Lim et al. 2008;
Shen et al. 2013; Kageji et al. 2016).

Basic leucine zipper ATF-like transcription factor 2
(BATF2), a novel tumor suppressor, has been found to inhibit
cancer growth and migration (Su et al. 2008) and to be a po-
tential marker for diagnosis and prognosis of several cancers
(Liu et al. 2015; Dai et al. 2016; Huang et al. 2017). Moreover,
BATF2 was also suggested as a possible treatment for a wide
variety of cancers (Guler et al. 2015). The mechanism respon-
sible for the inhibitory effect of BATF2 on neoplasms is com-
plex, involving the suppression of AP-1 in the network of tran-
scriptional regulation (Tussiwand et al. 2012), inactivatingWnt/
β-catenin pathway to downregulate P-gp (Huang et al. 2017).

Given the effect of BATF2 to inactivate the Wnt/β-catenin
pathway, which could regulate the expression of P-gp, we
hypothesized that overexpression of BATF2 may have the
potential to reverse the MDR of GC by targeting the Wnt/β-
catenin signaling pathway and suppressing the expression of
P-gp. Therefore, in the present study, we investigated the ef-
fects of BATF2 on the Wnt/β-catenin pathway, P-gp, and the
MDR of GC.

Materials and Methods

Cell cultures and treatment The human gastric adenocarcino-
ma cell line SGC7901 and the MDR gastric adenocarcinoma

cell lines SGC7901/VCR and SGC7901/ADR were obtained
from the Shanghai Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (Shanghai, China). The cells
were cultivated in RPMI 1640 medium (Gibco, Anaheim, CA)
supplemented with 10% bovine serum, 100 U/mL penicillin,
and 100μg/mL streptomycin in a humidified atmosphere with
5% CO2 at 37°C. For the SGC7901/VCR and SGC7901/ADR
cell lines, an additional 0.8μg/mL of vincristine andAdriamycin
(Shenzhen Main Luck Pharmaceuticals, Guangdong, China)
were added into the medium, to maintain drug resistance.
Cisplatin (DDP), 5-fluorouracil (5-FU), and vincristine sulfate
(VCR) were purchased from Sigma (St. Louis, MO).

Cell transfectionTo obtain stable BATF2 overexpression, cells
were transduced with the indicated lentiviral particles, follow-
ed by puromycin (Sigma). The BATF2 overexpression plas-
mid was created by cloning BATF2 cDNA into pcDNA3.1
(Invitrogen, Carlsbad, CA). BATF2 ectopic expression was
achieved through pcDNA3.1-BATF2 transfection using
Lipofectamine 2000 (Invitrogen). An empty pCDNA3.1 vec-
tor was used as a control. For β-catenin knockdown, Signal
Silence β-catenin siRNA (siβ-catenin, #6225), purchased
from Cell Signaling Technology (Boston, MA), transfected
into SGC7901/VCR cells in a final concentration of 50 nM
using Lipofectamine 2000 (Invitrogen).

Quantitative real-time transcription-PCR (qRT-PCR) analysis
Total RNAwas isolated from two cell lines using Trizol reagent
(Invitrogen) and reverse transcribed into cDNA using a
Superscript First-Strand Synthesis System (Invitrogen) accord-
ing to the manufacturer’s instructions. The primer sequences
used in the present study are listed in Table 1. The relative
expression of the mRNA level was analyzed based on the
2–ΔΔCt method. All the reactions were carried out in triplicate.

Methylthiazol tetrazolium assay Cells were planted in a 96-
well plate at a density of 2 × 103 cells per well for 72 h.
Methylthiazol tetrazolium (MTT) (20 μL per well, Sigma)
was added into each well (pH = 7.4) and then incubated at
37°C for 4 h. Then 100 μL acidic isopropanol (0.01 mol/L
HCl, 10% SDS, and 5% isopropanol) was added to terminate
the reaction. The absorbency of test sample was detected with
an ELISA reader (BioRad, Hercules, CA) at a wavelength of
595 nm.

Table 1. Primer sequences for
RT-PCR Gene Forward (5'-3') Reverse (5'-3')

LRP GTCTTCGGGCCTGAGCTGGTGTCG CTTGGCCGTCTCTTGGGGGTCCTT

MDR1 AGGTTCTGGGAAGATCGC CCTCAAAGAGTTTCTGTATGGTA

MRP1 ACGAAAGTCCGGCTGAGCGTCT ATGGGTGACCGCAGGATGCT

BATF2 GGAATTTGGTGGGTGCCTCTA GAGACTCGTGCTGCTGGGATA

GAPDH GCCAAAAGGGTCATCATCTC GTAGAGGCAGGGATGATGTTC
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Cell cycle and apoptosis analysis For the cell cycle assay, cells
were fixed with 70% ethanol at 4°C overnight, resuspended in
100 μg/mL RNase A (KeyGen Biotech, Nanjing, China) at
37°C for 30 min, and then stained with 50 μg/mL propidium
iodide at 4°C for 30 min in the dark. The cells were analyzed
by flow cytometry at a wavelength of 488 nm, and the data
were analyzed using the CellFit software (BD Bioscience, San
Jose, CA). Apoptosis was detected by an Annexin V-APC/7-
AAD apoptosis detection kit (KeyGen Biotech) following the
manufacturer’s instructions.

Western blotting The protein used for western blot analysis
was extracted using RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, China) supplemented with protease
inhibitors (Roche, Basel, Switzerland). The proteins were
quantified using BCA Protein Assay Kits (Pierce, Appleton,
WI). The western blot systemwas established using a Bio-Rad
Bis-Tris Gel System (Bio-Rad) according to the manufac-
turer’s instructions. The following antibodies were used:
anti-BATF2 (diluted 1:1000), anti-TCF (diluted 1:500), anti-
P-Glycoprotein antibody produced in mouse (diluted 1:1000),
anti-β-catenin antibody produced in mouse (diluted 1:1000),
anti-c-myc antibody produced in rabbit (diluted 1:1000), anti-
cyclin D1 antibody produced in rabbit (diluted 1:1000), anti-

GAPDH antibody produced in rabbit (0.1–0.2 μg/mL), and
anti-Survivin antibody produced in rabbit (diluted 1:500). All
of the antibodies were purchased from Sigma and were diluted
1:1000.

Statistical analysis Statistical analyses were conducted using
the SPSS 22.0 software (IBM Corp, Armonk, NY) and
GraphPad Prism 7 (GraphPad, La Jolla, CA). All data were
presented as mean ± SEM, and the Student’s t test was used to
determine statistical significance. Comparisons between two
groups were performed using paired t tests. A P value < 0.05
was considered statistically significant.

Results

Biological characteristics of SGC7901/VCR and SGC7901/ADR
cells The results of the MTT assay showed that the SGC7901/
VCR and SGC7901/ADR cells grew much faster than the
SGC7901 cells (Fig. 1A) in 5 d. The results of cell cycle
analysis revealed that the SGC7901/VCR and SGC7901/
ADR cells had significantly decreased G0/G1 phases and in-
creased S and G2/M phases comparedwith the SGC7901 cells
(Fig. 1B), indicating that the SGC7901/VCR and SGC7901/

Figure 1. Biological characteristics in SGC7901/VCR and SGC7901/
ADR cells. (A) Growth curve assayed by MTT. (B) Cell cycle
distribution determined by flow cytometry. (C) Effects of three common
chemotherapeutics (60μM, 24 h) on the apoptosis of SGC7901/VCR and

SGC7901/ADR cells by flow cytometry analysis. *P < 0.05, **P < 0.01,
***P < 0.001. DDP, cisplatin; VCR, vincristine sulfate; 5-FU, 5-
fluorouracil.

Figure 2. MDR and Wnt/β-
catenin pathway-related protein
expression is upregulated in
SGC7901/VCR and SGC7901/
ADR cells. (A) Expression of
MDR-associated genes detected
by qRT-PCR. **P < 0.01. (B)
Protein expression of P-gp, β-
catenin, c-myc, cyclin D1, and
Survivin measured by western
blotting. MDR, multidrug
resistance.
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ADR cells had shorter cell cycles. In addition, after treatment
with three common chemotherapeutics (DDP, VCR, and 5-
FU), SGC7901/VCR and SGC7901/ADR cells had lower cell
apoptotic rates than the SGC7901 cells (Fig. 1C). Thus, the
SGC7901/VCR cells had higher drug resistance than the
SGC7901/ADR cells by combining these above data and thus
were selected for further in vitro experiments.

Upregulation of the Wnt/β-catenin pathway contributed to
MDR Lung resistance protein (LRP), multidrug resistance pro-
tein 1 (MDR1), and multidrug resistance-associated protein 1
(MRP1) are three important MDR-related proteins. The

mRNA expression levels of these proteins were significantly
increased in the SGC7901/VCR cells compared to the
SGC7901 cells (Fig. 2A). Meanwhile, the results of western
blotting indicated that P-gp, β-catenin, c-myc, cyclin D1, and
Survivin in the SGC7901/VCR and SGC7901/ADR cultures
were overexpressed in the SGC7901/VCR cells (Fig. 2B).

BATF2 overexpression increased and its silence decreased
drug susceptibility The mRNA expression of BATF2 in
SGC7901/VCR cells was determined through qRT-PCR anal-
ysis and the BATF2 was downregulated in SGC7901/VCR
cells compared to SGC7901 cells (Fig. 3A). After transfecting

Figure 3. BATF2 overexpression reverses MDR of SGC7901/VCR
cells, and BATF2 silence causes enhanced cell viability of SGC7901
cells. (A) Expression of BATF2 detected by qRT-PCR; ***P < 0.001,
compared with SGC7901. (B) The transfection efficiency was shown in
SGC7901/VCR cells after BATF2 overexpressing vector transfection. (C)
Expression of BATF2 detected by qRT-PCR after transfection. (D) Cell
cycle distribution determined by flow cytometry. (E) Effects of three
common chemotherapeutic agents (60 μM, 24 h) on the apoptosis of

SGC7901/VCR cell assayed by flow cytometry; **P < 0.01,
***P < 0.001, compared with vector group. (F) Relative mRNA level
of BATF2 in SGC7901 cells after transfection with BATF2 specific
siRNA. (G) Cell viability of SGC7901 cells after treatment with VCR
in the absence or presence of BATF2 siRNA; *P < 0.05, **P < 0.01,
compared with siNC; ##P < 0.01, compared with siNC+VCR; ^^P <
0.01, compared with siBATF2#3. DDP, cisplatin; VCR, vincristine
sulfate; 5-FU, 5-fluorouracil
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with the BATF2 overexpression plasmid, the transfection ef-
ficiency (shown in Fig. 3B) and BATF2 mRNA expression
were significantly increased in the SGC7901/VCR cells (Fig.
3C). Furthermore, overexpression of BATF2 in the SGC7901/
VCR cells led to a higher proportion of cells in G0/1 phase and
cell cycle was arrested at S and G2/M phases (Fig. 3D).
Overexpression of BATF2 also greatly enhanced cell apoptosis
of the SGC7901/VCR cells with the different drug treatments
(Fig. 3E). By transfecting with specific siRNA targeting
BATF2 in the drug-sensitive SGC7901 cells, its expression
was successfully significantly knocked down by three
siRNAs (designated as siBATF2#1, siBATF2#2, and
siBATF2#3), among which, siBATF2#3 showed the highest
knockdown efficiency (Fig. 3F). Through MTT assay, we
found that BATF2 silence by siBATF2#3 was able to enhance
cell viability of SGC7901 cells. Compared with the cells treated
with siNC+VCR, the cells treated with siBATF2#3+VCR
showed higher viability, indicating that BATF2 knockdown is
capable of enhancing drug resistance (Fig. 3G).

BATF2 overexpression suppressed Wnt/β-catenin pathway
and its silence enhanced Wnt/β-catenin signaling To deter-
mine how BATF2 weakens the drug susceptibility of
SGC7901/VCR cells, we measured the mRNA and protein
levels of the P-gp and Wnt/β-catenin pathways after overex-
pression of BATF2. We found that BATF2 overexpression in
SGC7901/VCR cells could suppress P-gp, β-catenin, c-myc,
cyclin D1, and Survivin protein levels (Fig. 4A), and in
SGC7901 cells, BATF2 knockdown promoted the level of

the above proteins (Fig. 4B), indicating that BATF2 might
impair the drug susceptibility through downregulating P-gp
and inactivating the Wnt/β-catenin pathway.

Knockdown of β-catenin imitated the effects of BATF2 over-
expression on drug susceptibility To confirm that BATF2 en-
hanced drug susceptibility occurred via the downregulation of
β-catenin, we utilized β-catenin knockdown SGC7901/VCR
cells. As shown in Fig. 5A, β-catenin knockdown attenuated
cell proliferation compared with siNC transfection. In addi-
tion, β-catenin knockdown induced cell cycle G0/G1 phase
arrest (Fig. 5B) and apoptosis (Fig. 5C) by flow cytometry
analysis in SGC7901/VCR cells. Importantly, β-catenin
siRNA transfection could inhibit P-gp, cyclin D1, and
Survivin in SGC7901/VCR cells (Fig. 5D). These results sug-
gested that the increased drug susceptibility to BATF2 seen in
the SGC7901/VCR cells might be dependent on β-catenin.

Enhanced Wnt signaling reversed the inhibition of BATF2 on
MDRTo determine whether BATF2 impaired drug susceptibil-
ity through suppressing the Wnt/β-catenin pathway, biologi-
cal characteristics of SGC7901/VCR cells were detected after
Wnt3a was added to enhance Wnt/β-catenin pathway. Cell
cycle analysis results showed that Wnt3a could reverse the
cell cycle blocking effects of BATF2 (Fig. 6A). Enhancing
the Wnt/β-catenin pathway could also reverse the impairment
in drug susceptibility (Fig. 6B). Downregulation of BATF2,
TCF, P-gp, β-catenin, and Survivin were recovered by activa-
tion of the Wnt/β-catenin pathway (Fig. 6C).

Figure 4. BATF2 overexpression
downregulates P-gp and Wnt/β-
catenin pathway in SGC7901/
VCR cells and BATF2 silence
upregulates P-gp and Wnt/β-
catenin pathway in SGC7901
cells. Protein expression of P-gp,
β-catenin, c-myc, cyclin D1, and
Survivin in SGC7901/VCR cells
(A) and SGC7901 cells (B) was
measured by western blotting.
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Discussion

GC is one of the most common digestive systemmalignancies
worldwide. Surgical intervention combined with chemothera-
py is the primary treatment for GC and the only feasible man-
agement of GC diagnosed at an advanced stage is chemother-
apy. The occurrence of MDR in tumor cells is the main obsta-
cle to chemotherapy and it is attributable to the presence of
multiple intricate mechanisms. Therefore, understanding the
underlying mechanisms of MDR is important for improving
the outcomes following chemotherapy.

In the present study, SGC7901/VCR was used to investi-
gate the mechanisms of MDR in GC. We found that the
SGC7901/VCR cells grew faster and had a shorter cell cycle

and increased resistance to common chemotherapy drugs
compared to SGC7901 cells.

There were four main mechanisms of MDR in tumor cells:
(i) drug resistance proteins, such as LRP, P-gp, andMRP1, tend
be highly expressed in MDR cancer cell lines and these factors
prevent drugs from accessing the cell nucleus, promote drug
release, and lead to drug resistance (Borst et al. 2000); (ii) p53
mutation suppresses apoptosis (Yeh et al. 1999); (iii) glutathione
that can detoxify chemotherapy drugs in tumor cells (Komiya
et al. 1998); and (iv) tumor micro-environment changes
(Straussman et al. 2012). P-gp, LRP, and MRP1 were signifi-
cantly upregulated in the SGC7901/VCR cells and the data
suggested that increased expression of these drug resistance
proteinsmight contribute to the occurrence ofMDR inGC cells.

Figure 6. Enhanced Wnt/β-
catenin pathway reverses the
inhibitory effect of BATF2 on
MDR in SGC7901/VCR cells.
(A) Cell cycle distribution
determined by flow cytometry.
(B) Effects of three common
chemotherapeutics (60 μM, 24 h)
on apoptosis of SGC7901/VCR
cell by flow cytometry. (C)
Protein expressions of BATF2,
TCF, P-gp, β-catenin, and
Survivin measured by western
blotting. *P < 0.05, **P < 0.01,
#P < 0.05. MDR, multidrug
resistance; DDP, cisplatin; VCR,
vincristine sulfate; 5-FU, 5-
fluorouracil.

Figure 5. Knockdown of β-
catenin imitated the effects of
BATF2 overexpression on drug
susceptibility. (A) Growth curve
assayed by MTT. (B) Cell cycle
distribution determined by flow
cytometry. (C) Effects of three
common chemotherapeutics
(60 μM, 24 h) on apoptosis of
SGC7901/VCR cells by flow
cytometry. (D) Protein
expressions of P-gp, cyclin D1
and Survivin measured by
western blotting. *P < 0.05,
**P < 0.01, ***P < 0.001. DDP,
cisplatin; VCR, vincristine
sulfate; 5-FU, 5-fluorouracil.
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Upregulation of P-gp is known to increase drug resistance
in cancers. However, the molecular mechanisms of P-gp over-
expression in GC cells are still largely unknown. Previous
studies have shown that the Wnt/β-catenin pathway was
closely correlated to the development of tumors and played
a critical role in the induction of MDR (Zhang et al. 2012).
Moreover, the Wnt/β-catenin pathway has proven to be an
important inhibitor of the Wnt/β-catenin pathway that can
decrease the expression of P-gp and reverse the MDR of chol-
angiocarcinoma (Shen et al. 2013). Here, we found evidence
that Wnt/β-catenin pathway was over activated in the
SGC7901/VCR cells and the over activation of Wnt/β-
catenin pathway might contribute to upregulation of P-gp.

Recently, BATF2 has been reported to be a potential tumor
suppressor that could block the growth of various types of
cancer (Su et al. 2008; Dash et al. 2010). It was found to directly
inhibit the activity of AP-1, which is an essential transcription
factor for cell proliferation and oncogenic transformation (Su
et al. 2008). Moreover, BATF2 can suppress migration by lung
adenocarcinoma cells by inhibiting the Wnt/β-catenin pathway
(Wang et al. 2012). This raised the possibility that BATF2 could
reverse MDR via inactivating the Wnt/β-catenin pathway to
downregulate P-gp in GC. We found that BATF2 was down-
regulated in SGC7901/VCR cells. Overexpression of BATF2
could arrest the cell cycle and increase the susceptibility of the
SGC7901/VCR cells to drugs. Moreover, after BATF2 was
overexpressed, the expression of P-gp was retrained and the
Wnt/β-catenin pathway was inactivated, indicating that
BATF2 might be able to reverse MDR by suppressing the
Wnt/β-catenin pathway in GC. To test our hypothesis,
SGC7901/VCR cells were transfected with siβ-catenin and
we found that knockdown of β-catenin imitated the effects of
BATF2 overexpression on drug susceptibility. On the other
hand, when SGC7901/VCR cells were further treated with
Wnt3a, an activator of Wnt/β-catenin pathway, the inhibitory
effect of BATF2 on MDR of SGC7901/VCR cells was
abolished after the Wnt/β-catenin pathway had been enhanced.
This emphasized a potential application of BATF2 to increase
susceptibility of GC cells to chemotherapeutic agents.

Conclusion

The present study demonstrates that BATF2 can reverse MDR
of GC cells by inhibiting the Wnt/β-catenin pathway. BATF2
is a potential target for overcoming the resistance of GC to
chemotherapeutic agents.
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