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Vasohibin2 promotes adriamycin resistance of breast cancer
cells through regulating ABCG2 via AKT signaling pathway
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Abstract. As a well-known angiogenic factor in different
histology and pathological conditions, the pro-progressive
role of vasohibin2 (VASH2) has been reported in various
types of tumors. However, its role in drug resistance of
breast cancer has not been reported so far. The present study
demonstrated that MCF-7 cells with increased expression of
VASH?2 demonstrate stronger adriamycin (ADM) resistance
compared with MDA-MB-231 cells with decreased expression
of VASH2. Overexpression of VASH2 in MDA-MB-231 cells
increased ADM resistance and silencing VASH2 in MCF-7
cells inhibited ADM resistance. Furthermore, in newly estab-
lished ADM resistant cell lines, VASH2 was significantly
upregulated. These results revealed the promotive role of
VASH2 in the ADM resistance of breast cancer cells. In
addition, overexpression of VASH2 in MDA-MB-231 cells
significantly upregulated ATP-binding cassette sub-family G
member 2 (ABCG2), however silencing VASH2 in MCF-7
cells inhibited ABCG?2 significantly. Silencing ABCG2
abrogated increase of ADM resistance induced by VASH?2
overexpression in MDA-MB-231 cells. This proved that
VASH2 induced ADM resistance through promoting expres-
sion of ABCG2, at least in part. Further study regarding the
underlying molecular mechanism demonstrated that VASH2
promoted ABCG?2 via the protein kinase B (AKT) signaling
pathway. Overall, VASH2 may promote drug resistance of
breast cancer cells through regulating ABCG2 via the AKT
signaling pathway. This suggests a novel therapeutic target to
inhibit drug resistance in breast cancer, for a more efficient
therapeutic outcome.
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Introduction

Breast cancer (BC) is the most common female malignant
tumors in the world and its incidence is rising annually (1). In
recent years, as development of treatment modalities and early
detections, overall survival of BC patients has been improved
to some extent. However, for the occurrence of drug resistance,
the prognosis of some patients is still not good (2-5). So, to find
effective targets for inhibiting drug resistance is urgent and
will contribute to better therapy outcome of BC patients.

Vasohibin2 (VASH2) is a member of vasohibin family and
initially known as an angiogenic factor in different histology
and pathology conditions (6). In recent years, its roles in
different tumors have been widely studied. It is reported that
VASH?2 can play important roles in proliferation, angiogenesis
and epithelial mesenchymal transition (EMT) of hepatocel-
lular carcinoma, ovarian adenocarcinoma, pancreatic ductal
adenocarcinoma and endometrial cancer cells (7-11). In BC,
it has been reported that VASH2 could promote EMT and
proliferation of BC cells through in vivo and in vitro experi-
ments (12,13). However, its role in drug resistance of BC is still
unknown.

In the present study, we detected VASH?2 expression and
drug resistance of different BC cell lines. We proved that
VASH?2 could promote drug resistance of BC cells through
regulating expression of ATP-binding cassette sub-family G
member 2 (ABCG?2), at least partly. Moreover, we confirmed
that VASH2 could promote expression of ABCG2 via AKT
signal pathway.

Materials and methods

Cell lines and cell culture. Human BC cell lines MCF-7 and
MDA-MB-231 were both purchased from American Type
Culture Collection (Manassas, VA, USA). Both cell lines were
cultured in DMEM medium supplemented with 10% fetal
bovine serum (FBS), at 37°C, in 5% CO,.

Stable transfection. Plasmids PcDNA3.1/VASH2-vector,
p-GPU6/VASH2-shRNA and control plasmids (Shanghai
GenePharma Co., Ltd, Shanghai, China) were transfected into
BC cells using Lipo2000 (Invitrogen, Carlsbad, CA, USA)
to upregulate or silence VASH?2 expression. After 48 h, cells
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Table I. Primary antibodies used in western blot analysis.
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Name Company

VASH2 Abcam, Cambridge, MA, USA

ABCG2 Abcam, Cambridge, MA, USA
Phospho-ERK1/2 Cell Signaling Technology, Danvers, MA, USA
ERK1/2 Cell Signaling Technology, Danvers, MA, USA
Phospho-AKT Cell Signaling Technology, Danvers, MA, USA
AKT Cell Signaling Technology, Danvers, MA, USA
GAPDH Epitomics, Burlingame, CA, USA

VASH2, vasohibin2; ABCG2, TP-binding cassette sub-family G member 2; AKT, protein kinase B.

were cultured in medium containing 1.0 ug/ml puromycin for
3 weeks, then, monoclone was selected. VASH2 expression
was detected by RT-PCR and western blot analysis.

Transitent transfection. To silence ABCG2 expression, siRNA
(Shanghai GenePharma Co.) for ABCG2 was transfected into
cells using Lipo2000 (Invitrogen). 48 h later, ABCG2 expres-
sion was detected by RT-PCR and western blot.

Reverse transcriptase-polymerase chain reaction (RT-PCR).
Total RNA was extracted by TRIzol (Invitrogen) according to
the manufacturer's instruction. cDNAs were synthesized using
PrimeScript RT-PCR kit (TaKaRa, Dalian, China) as protocol.
The primers used were as follows: VASH2 forward, 5'-CTC
TTCCAGCCTTCCTTCCT-3" and reverse, 5'-AGCACTGTG
TTGGCGTACAG-3'; ABCG2 forward, 5-CTGAGATCC
TGAGCCTTTGG-3' and reverse, 5“-TGCCCATCACAACAT
CATCT-3". GAPDH was used as an internal control.

Western blot analysis.Cell protein was extracted using RIPA lysis
buffer. Equal amount of protein was separated by SDS-PAGE
and transferred to polyvinylidene difluoride (PVDF) membrane.
The membrane was incubated in primary antibodies (Table I)
at 4°C overnight and in horseradish peroxidase-conjugated
secondary antibody (1:5,000; Proteintech Group, Inc, Wuhan,
China) in room temperature for 1 h, signal on the membrane
was visualized using enhanced chemiluminescence reagents
(Pierce, Rockford, IL, USA).

Establishment of cells with stable adriamycin (ADM) resis-
tance. MDA-MB-231 or MCF-7 cells were cultured in DMEM
medium containing 0.4 or 0.8 umol/l ADM for 48 h, then cells
were cultured in ADM free medium. The cells would not be
passaged until they grow up to 80% confluence. ADM concen-
tration is elevated gradually until cells could grow steadily
in 1 or 3 umol/l. New drug-resistance cells were named as
MDA-MB-231-ADM or MCF-7-ADM.

Drug resistance assay. Cells were plated in 96-well plate in
triplicate in DMEM supplemented with 10% FBS at 8,000
cells per well. After 24 h, the medium was replaced using
DMEM containing different concentrations of ADM (0.02,
0.08,0.32,1.28,5.12 and 20.48 ymol/l). After 48 h, MTT assay
was performed at 490 nm wavelengths. The survival curves

were constructed and 50% inhibitory concentration (IC50)
was calculated. The experiment was repeated at least three
times.

Statistical analysis. The data were stored and analyzed using
SPSS 13.0 software (SPSS Inc., Chicago, IL, USA). The differ-
ence between two groups was analyzed using Student two-tailed
t test. IC50 was gotten using regression analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

MCF-7 cells with higher VASH2 than MDA-MB-231 cells
and showed stronger ADM resistance. As shown in Fig. 1A,
expression of VASH2 was detected using RT-PCR and
western blot, the results showed that VASH?2 in MCF-7 cells
was much higher than in MDA-MB-231 cells at RNA (A) and
protein (B) levels, with significant difference. Drug resistance
analysis showed that MCF-7 cells (IC50=1.14+0.12 umol/l)
exhibited higher survival rate in ADM than MDA-MB-231
cells (IC50=0.55+0.07 umol/l) (C). The results reminded us
that VASH2 may affect ADM resistance of BC cells.

VASH?2 promoted ADM resistance of BC cells. To confirm
whether VASH?2 could affect ADM resistance of BC cells,
we changed expression of VASH2 through stable transfection
(Fig. 2). After VASH2 was upregulated in MDA-MB-231cells
(Fig. 2A), survival rate of cells in ADM increased significantly
(Fig. 2C), IC50 increased from 0.41+0.06 to 1.18+0.09 umol/l,
with significant difference. Reversely, after VASH2 was
silenced in MCF-7 cells (Fig. 2B), survival rate of cells in
ADM declined significantly, IC50 declined from 1.31+0.11
to 0.48+0.07 umol/I, with significant difference (Fig. 2D).
Besides, after cultured in ADM gradually, we got new drug
resistance cells MCF-7-ADM and MDA-MB-231-ADM with
significantly increased survival rate and IC50 than parent cells
(Fig. 2E, F). Western blot showed that VASH?2 in MCF-7-ADM
cells was significantly higher than in parent cells (Fig. 2G), and
it was also the case for MDA-MB-231-ADM cells (Fig. 2H).
These results proved the promotion roles of VASH2 in ADM
resistance of BC cells.

ABCG?2 took part in drug resistance induced by VASH?2 in
BC cells. As shown in Fig. 3, after VASH2 in MDA-MB-231
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Figure 1. VASH2 expression and ADM resistance of BC cells. VASH2 in MDA-MB-231 was compared to MCF-7 cells both at mRNA (A) and protein
(B) levels. (C) Drug resistance ability of MDA-MB-231 was compared to MCF-7 cells. P<0.05 was significant. VASH2, vasohibin2; ADM, adriamycin; BC,
breast cancer.
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Figure 2 VASH2 promotes drug resistance of BC cells. After VASH2 was overexpressed in MDA-MB-231 cells (A), survival rate and IC50 of ADM increased
significantly compared to control cells (C). After VASH2 was silenced in MCF-7 cells (B), survival rate and IC50 declined significantly compared to control
cells (D). In newly established ADM resistance cells MDA-MB-231-ADM (E) and MCF-7-ADM (F), survival rate and IC50 increased significantly compared
to parent cells. In MCF-7-ADM (G) and MDA-MB-231-ADM cells (H), VASH2 protein was upregulated significantly compared to parent cells. P<0.05 was
significant. P<0.05 was significant. VASH2, vasohibin2; ADM, adriamycin; BC, breast cancer; IC50, 50% inhibitory concentration.
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Figure 3. VASH2 promotes drug resistance through regulating expression of ABCG2 After VASH2 was overexpressed in MDA-MB-231 cells, ABCG2
was upregulated at RNA (A) and protein (B) levels compared to control cells. After VASH2 was silenced in MCF-7 cells, ABCG2 was silenced at RNA (C)
and protein (D) levels compared to control cells. After ABCG2 in MDA-MB-231-VASH2 cells was silenced by SiRNA at RNA (E) and protein (F) levels,
survival rate and IC50 of ADM induced by VASH2 declined significantly compared to control cells (G). P<0.05 was significant. VASH2, vasohibin2; ADM,

adriamycin; IC50, 50% inhibitory concentration.
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Figure 4. VASH2 promotes expression of ABCG2 via AKT signal pathway. After VASH2 was overexpressed in MDA-MB-231 cells, phosphorylation of AKT
and ERK was stimulated significantly compared to control cells (A). In newly established ADM resistance cells MCF-7-ADM, phosphorylation of AKT and
ERK was also stimulated significantly compared to parent cells (B). In MDA-MB-231-VASH2 cells, after AKT inhibitor LY294002 (C) or ERK inhibitor
U0126 (D) was added, ABCG2 was detected. In MCF-7-ADM cells, after AKT inhibitor LY294002 (E) or ERK inhibitor U0126 (F) was added, ABCG2 was

detected. P<0.05 was significant. VASH2, vasohibin2; AKT, pr

otein kinase B.
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cells was overexpressed, expression of ABCG2 was increased
both at RNA (Fig. 3A) and protein (Fig. 3B) levels, with
significant difference. Reversely, after VASH2 in MCF-7 cells
was silenced, expression of ABCG2 was decreased both at
RNA (Fig. 3C) and protein (Fig. 3D) levels, with significant
difference. Moreover, after ABCG2 in MDA-MB-231-VASH2
cells was silenced by transfection at RNA (Fig. 3E) and
protein (Fig. 3F) levels, survival rate declined significantly,
but still higher than MDA-MB-231 cells, IC50 declined from
1.31+£0.09 to 0.81+0.11 umol/I, with significant difference,
but still higher than MDA-MB-231 cells (0.46+0.06 umol/l),
with significant difference (Fig. 3G). These results proved that
VASH2 could promote ADM resistance of BC cells through
regulating ABCG?2, at least partly.

VASH? could promote expression of ABCG2 via AKT signal
pathway. To confirm potential molecular mechanism, further
cell experiments were performed. As shown in Fig. 4A,
overexpressing VASH2 stimulated phosphorylation of AKT
and ERK in MDA-MB-231 cells significantly. Moreover,
phosphorylation of AKT and ERK in MCF-7-ADM cells
was also significantly higher than in parent cells (Fig. 4B).
Moreover, after AKT inhibitor LY294002 was added, the
increase of ABCG2 in MDA-MB-231-VASH2 (Fig. 4C) and
MCF-7-ADM (Fig. 4E) cells was inhibited significantly.
However, after ERK inhibitor U0126 was added, the increase of
ABCG2 in MDA-MB-231-VASH2 (Fig. 4D) or MCF-7-ADM
(Fig. 4F) cells did not change. All the results proved that
VASH?2 could promote expression of ABCG2 in BC cells via
AKT signal pathway.

Discussion

Human VASH?2 gene is located on chromosome 1q32.3 and
VASH?2 protein is composed of 355 amino acid residues (6).
It is reported that VASH2 can not only promote tumor growth
and metastasis through supporting angiogenesis, but also
regulate malignancies by direct effects on tumor cells. For the
multiple functions in tumor progression, it has attracted more
and more attention in recent years. In 2012, Takahashi et al
proved that VASH?2 could accelerate ovarian adenocarcinoma
growth by promoting angiogenesis (14). In 2015, Kim et al
reported that VASH2 was positively correlated with clinical
stage, tumor proliferation and micro vessel density (MVD), as
well as poor outcome of pancreatic cancer patients (9). For BC
cancer, Tu et al reported that VASH2 could promote prolifera-
tion and EMT of BC cells (12,13). But, the role of VASH2 in
drug resistance of BC cells has not been reported.

ADM is a classical chemotherapy drug and has been
extensively used in BC patients. On one hand, ADM can
inhibit DNA transcription and replication by intercalating
between DNA base pairs; on the other hand, ADM can induce
breakage of DNA double strands by generating oxygen free
radicals (15). So, in the present study, we chose ADM to study
drug resistance of BC cells. MDA-MB-231 and MCF-7 are
both BC cell lines, but the original characteristics are not same.
Previous studies proved that MDA-MB-231 cells were ER (-)
and grew rapidly. Otherwise, MCF-7 cells were ER (+) and
grew relatively slowly (16). Both of MDA-MB-231 and MCF-7
cell lines were used in our research. In this study, we found
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that BC cells with higher expression of VASH2 exhibited
stronger ADM resistance. Then, overexpressing VASH2
increased ADM resistance, but silencing VASH?2 inhibited
ADM resistance in BC cells. Moreover, newly established
ADM resistance cell line also showed stronger expression of
VASH?2 than parent cells. This confirmed promotion roles of
VASH2 in ADM resistance of BC cells.

ABCG?2 is also known as BC Resistance Protein (BCRP)
and can function as one of the major factors inducing drug
resistance of cancer cells. It can transport different chemo-
therapy drugs from intracellular region to extracellular space,
thus providing drug resistance. So, ABCG2 has been treated
as an important target for improving sensitivity of tumor
cells to chemotherapy (17,18). In the present study, we found
that changes of VASH2 could induce consistent changes of
ABCG?2 after transfection. Moreover, silencing ABCG2 abro-
gated increase of ADM resistance induced by VASH2 partly,
this proved that VASH?2 could regulate ADM resistance of BC
cells through regulating ABCG2, at least partly.

Deep understanding about molecular mechanism will
contribute to find new therapy targets. AKT and ERK signal
pathways can be stimulated in many types of tumors and can
play important roles in tumor proliferation, migration, drug
resistance, and radio resistance (19-21). In 2016, Hu CF reported
that acidic microenvironment could induce drug resistance
through upregulating expression of ABCG2 in lung cancer cells
via PI3BK-AKT-mTOR-S6 pathway (22). He et al reported that
HIF-1a could regulate ABCG2 activity through the activation of
ERK1/2 pathway and contribute to chemoresistance in pancre-
atic cancer cells (23). In the present study, we confirmed that
VASH?2 could promote expression of ABCG2 in BC cells via
AKT signal pathway. This is in consistence with report from
Hu er al (23), but different to report from He ef al. This may be
attributed to different function factors or different tumor types.

In conclusion, we confirmed the roles of VASH2 in ADM
resistance of BC for the first time. Moreover, we proved that
AKT-ABCG2 pathway was responsible for drug resistance
induced by VASH?2, at least partly. This contributes to our
further understanding about VASH?2 in tumor progression and
suggests that VASH2 may be a novel target in BC treatment.
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