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Abstract: Mutidrug resistance (MDR) severly blocks the successful management of breast cancer. Overexpression 
of MDR1/p-gp accounts for the major factor in the development of MDR. β-arrestin 2 has been reported to widely in-
volve in multiple aspects of tumor development. In order to verify whether β-arrestin 2 regulates mutidrug resistance 
in breast cancer, we analyzed the protein expression levels of β-arrestin 2 and MDR1/p-gp by immunohistochem-
istry in 106 paraffin-embedded human breast tissue samples. There was a positive correlation between β-arrestin 
2 and MDR1/p-gp protein expression (P = 0.016). Changes in MDR1/p-gp mRNA and protein levels were exam ined 
by quantitative real-time reverse polymerase chain reaction (qRT-PCR) and western blotting. Silencing of β-arrestin 
2 evidently down-regulated the expression of MDR1/p-gp in transfected ADM cells. In contrast, overexpression 
of β-arrestin 2 had the opposite changes in MDA-MB-231 and MCF-7 cells. MTS assay revealed that silencing of 
β-arrestin 2 increased the sensitivity to anti-cancer drugs to some extent. On the other hand, overexpression of 
β-arrestin 2 had the opposite effects. Our above data demonstrate that β-arrestin 2 plays a vital role in the regula-
tion of MDR1/p-gp expression in Breast cancer.
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Introduction

Chemotherapy is one of the most effective 
tools in breast cancer treatment [1]. However, 
the emergence of multidrug resistance (MDR) 
to a series of clinical chemotherapeutics with 
different structures or different target sites [2], 
severely blocks the successful management of 
breast cancer. The well recognized mechanism 
of classical MDR is the significant overexpres-
sion of human MDR1 gene encoding MDR1/p-
gp [3-5]. The MDR/p-gp acts as an efflux pump 
in cell surface. Intracellular anti-cancer drugs 
increasingly flow from cells through the efflux 
pump [6, 7], thus drug concentrations becomes 
lower and cancer cells becomes resistant to 
chemotherapeutic drugs, such as doxorubicin 
and paclitaxel [8]. Nowadays, modulators or 
inhibitors of p-gp, and gene therapy have been 

used to reverse MDR [9-11]. But, currently avail-
able P-gp inhibitors or modulators are nearly 
impossible to completely restore MDR because 
of their side effects [12-15]. Therefore, a rea-
sonable method to reverse MDR in the cheomo-
therapy of breast cancer is to target genes 
widely involved in signaling pathways that play 
roles in the development of resistance to che-
motherapeutic drugs.

Nonvisual β-arrestins, which include β-arrestin1 
and β-arrestin 2, ubiquitously localize in the 
cytoplasm and plasma membrane [16]. They 
were firstly discovered as scaffold proteins 
involved in G protein-coupled receptors (GPCR) 
desensitization, sequestration, and internaliza-
tion [16-18]. Recently, growing researches indi-
cated that β-arrestin 2 plays roles in much 
pathological progress, especially get widely 
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involved in many cancer developmental signal-
ing pathways in the progression of malignant 
tumor. More recently, increasing evidences 
suggested a potential role of β-arrestin 2 in 
tumor viability and metastasis [17]. Mistre 
Alemayehu et al. discovered that β-arrestin 2 
directly regulated LPA1- induced migration and 
invasion in breast cancer MDA-MB-231 cell 
lines [19]. Buchanan et al. also reported that 
β-arrestin 2 mediated metastasis in mouse 
colorectal tumor entity [17]. Besides, M. ZHAO 
et al. demonstrated that β-arrestin 2 has anti-
apoptosis function in human breast cancer 
cells through casepase-8 pathways [18, 20]. 
However, β-arrestin 2 has not been reported to 
mediate chemotherapy in breast cancer.

In our experimental work, we unintentionally 
found that the expression of β-arrestin 2 was 
closely related to MDR1/P-gp in our clinical 
samples of breast carcinoma. We hypothesized 
that the silence of β-arrestin 2 by plasmid-
mediated expression of small interfering RNA 
(siRNA) may suppress the expression of MDR1/
p-gp; Therefore, the multidrug resistance could 
be partially reversed by down-regulation of 
β-arrestin 2, which may improve the poor prog-
nosis and increase survival rate of drug resis-
tance patients with breast carcinoma. In this 
research, in order to prove our inference, we 
performed immunohistochemistry on 106 clini-
cal breast cancer tissues to investigate protein 
expression of β-arrestin 2 and MDR1/p-gp. We 
also examined the functional relationships 
between β-arrestin 2 and MDR1/p-gp in three 
breast cancer cell lines by both downregulating 
and upregulating β-arrestin 2 .

Materials and methods

Tumor samples

We selected 106 paraffin-embedded samples 
diagnosed as invasive ductal breast carcinoma 
at the department of pathology, Qilu hospital 
from 2010 to 2011. Patient content and 
approval was obtained from the Institution 
Research Ethic Committee of Shandong Me- 
dical University. 

Immunohistochemistry

Tissue arrays were deparaffinized in xylene and 
rehydrated in an ethanol gradient. Antigens 
were retrieved by heating slides in a pressure 
cooker in buffer (pH 6.0 sodium citrate buffer 

for MDR1/p-gp and EDTA buffer for β-arrestin 
2). After antigen retrieval, slides were washed 
in PBS buffer and incubated with 3% H2O2 for 
15 min at room temperature. Slides were 
washed in PBS buffer and blocked with protein-
blocking buffer (normal goat serum, Zhongshan) 
for 15 min at room temperature. Tissues were 
incubated with primary antibodies overnight: 
anti-β-arrestin 2 mouse monoclonal antibody 
(ab54790; USA, diluted 1:200) and anti-P-gp 
mouse monoclonal antibody (mAb) (C494; 
Merck KgaA, Darmstadt, Germany, diluted 
1:100). Following overnight incubation, slides 
were washed in washing buffer and incubated 
with PV900 (Zhongshan). Then Slides were 
incubated with substrate-chromagen solution, 
3,3’-diaminobenzidine (DAB) (Zhongshan) for 
about 1 min, washed in distilled water, and 
counterstained with hematoxylin for 15 sec-
onds. Slides were washed in washing buffer fol-
lowed by distilled water and dehydrated in etha-
nol gradient and xylene baths. Cover slips were 
mounted and evaluated for positive staining. 
For negative controls, the antibodies were 
replaced with PBS.

Evaluation of immunohistochemical staining

β-arrestin 2 and MDR1/p-gp immunostaining 
signals were evaluated independently by two 
pathologists in a blinded manner. Staining 
intensity was graded according to the following 
criteria: 0 (no staining), 1 (weak staining), 2 
(moderate staining), and 3 (strong staining). 
Tumors were regarded as immune-positive if > 
10% of tumor cells showed immunoreactivity. 
We considered any nuclear staining positive for 
β-arrestin 2, and any membranous staining 
positive for MDR1/p-gp.

Cells and cultures 

Human breast cancer cells MCF-7and MDA-
MB-231 were purchased from the American 
Type Culture Collection (Manassas, VA, USA).
The multidrug resistance cell line ADM were 
purchased from Tianjin Blood Institute. ADM 
cell line was derived from MCF-7 cell line and 
required higher concentration of paclitaxel to 
achieve cell death as compared to MCF-7 cell. 
MCF-7 was cultured in Dulbecco’s modified 
Eagle’s medium (Hyclone, Logan, UT, USA) 
(DMEM) supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS). MDA-MB-231 
was maintained in Leibovitz’s L-15 (Gibco, 
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Grand Island, NY, USA) medium supplemented 
with 10% heat-inactivated fetal bovine serum 
(FBS). ADM was cultured in RPMI-1640 culture 
medium (Hyclone, Logan, UT, USA) containing 
10% FBS. All cells were kept in a humidified 
atmosphere of 5% CO2 and were free from bac-
teria infection.

Constructions of plasmids

Full length expression vector pCDNA3.1-β-ar- 
restin 2-GFP was favored by Professor Yin 
Deling, The United States east of the university 
of Tennessee.

siRNA targeted at β-arrestin 2 were purchased 
from Shanghai GenePharma Co., Ltd., gene 
sequences as follows: forward: 5’-GATCCC- 
CGGGCTTGTCCTTCCGCAAAGACTTCAAGAGA- 
GTCTTTGCGGAAGGACAAGCCCTTTTTGGAAA-3’ 
and reverse: 5’-AGCTTTTCCAAAAAGGGCTTGT- 
CCTTCCGCAAAGACTCTCTTGAAGTCTTTGCG- 
GAAGGACAAGCCCGGG-3’. 

Small hairpin siRNA sequences were synthe-
sized, annealed, and then cloned into the pSU-
PER. neo + GFP expression vector using T4- 
DNAligase to generate the pSUPER- siβ-arre- 
stin 2 plasmid [21].

Non-targeting (Notarget) siRNAs were designed 
as negative controls using the sequences: 
Forward: 5’-GATCCCCACTCCTGGAGGAAGTTCT- 
ATTCAAGAGATAGAACTTCCTCCAGGAGTTTTTT- 
GGAAA-3’; Reverse: 5’-AGCTTTTCCAAAAAACTC- 
CTGGAGGAAGTTCTATCTCTTGAATAGAACT- 
TCCTCCAGGAGTGGG-3’.

Transfection of breast cancer cells

Cells were seeded on 6-well plates at 50-60% 
confluence 24 h before transfection using 4 ml 
of respective media supplemented with 10% 
FBS per well. For each well, either 4 µg of pSU-
PER- siβ-arrestin 2 or pcDNA3.1-β-arrestin 2 
plasmid DNA were diluted in 400 µl of serum-
free respective media. Then, 8 µl of TurboFect 
in vitro Transfection Reagent (Fermentas, 
Burlington, Canada) was added to the diluted 
DNA and mixed by pipetting before incubating 
for 20 min at room temperature. 400 µl of the 
TurboFect/DNA mixture was added drop-wise 
to each well without removal of the previous 
culture medium. After 20 minutes, the plates 
were gently rocked to distribute the complexes 
evenly and were then incubated for 24 h. Non-

target siRNA plasmids (pSUPER-siNC and 
pcDNA3.1-siNC) were used as controls. Three 
groups of breast cancer cells were transduced: 
ADMpSUPER-siβ-arrestin 2, ADMpSUPER-siNC, 
MCF-7pcDNA3.1-β-arrestin 2, MCF-7pcDNA3.1-
NC, MDA-MB-231pcDNA3.1-β-arrestin 2, MDA-
MB-231pcDNA3.1-NC, All cells were then grown 
for 24 h.

Quantitative real-time PCR (qRT-PCR)

Total cellular RNA was extracted with An RNA 
Iso-Plus kit (Takara, Otsu, Japan) and the first 
strand DNA was synthesized with Omniscript 
Reverse Transcriptase (TOYOBO, Osaka, Japan) 
following the manufacturers’ instructions. We 
performed quantitative real-time polymerase 
chain reaction (qRT-PCR) reactions using eUl-
traSYBR Mixture (with ROX) (Beijing CoWin 
Bioscience Co., Ltd., Beijing, China), primers 
(Sangon), and cDNA in a 10 µl total reaction vol-
ume according to the manufacturer’s instruc-
tions. All samples were run in triplicate in three 
independent experiments, β-actin was used as 
the internal control. The qRT-PCR primers are: 
β-actin forward primer 5’- CTCCATCCTGGCCTCGC 
TGT-3’, and β-actin reverse primer 5’-GCTGTC- 
ACCTTCACCGTTCC-5’. MDR1 forward primer 
5’-CCCATCATTGCAATAGCAGG-3’, and MDR1 re- 
verse primer 5’-GTTCAAACTTCTGCTCCTGA-3’. 
β-arrestin 2 forward primer 5’-GTCGAGCCCTA- 
ACTGCAAG-3’, and β-arrestin 2 reverse primer 
5’-ACAAACACTTTGCGGTCC TTC-3’. 

Western blot analysis

Total cell protein extracts were lysed with RIPA 
lysis buffer containing a protease inhibitor on 
ice for half an hour. Then the complex was cen-
trifuged at 12,000×g for 10 min at 4°C. Protein 
concentration could be quantified by a bicin-
choninic acid protein assay kit (Beyotime In- 
stitute of Biotechnology). 40 µg of proteins we- 
re separated by electrophoresis on 10% SDS-
PAGE, and then blotted onto PVDF membranes 
(Milipore, USA). Transferred blots were blocked 
with 5% fat-free milk powder in TBS at room 
temperature for 2 h. Blots were then incubated 
overnight at 4°C with the relevant primary anti-
bodies, washed, and probed again with spe-
cies-specific secondary antibodies coupled 
with horseradish peroxidase. Immunoreactivity 
was detected using an enhanced chemilumi-
nescence (ECL) advance western blotting 
detection kit (Milipore, USA) [21]. The antibod-



β-arrestin 2 regulates multidrug resistance in breast cancer

1357 Int J Clin Exp Pathol 2015;8(2):1354-1363

ies were specific for mouse mAb β-actin (TA-09; 
Zhongshan Goldenbridge Biotechnology, Bei- 
jing, China, diluted 1:1000); anti-P-gp mouse 
monoclonal antibody (mAb) (C494; Merck Kg- 
aA, Darmstadt, Germany, diluted 1:500), anti-
β-arrestin 2 mouse monoclonal antibody (ab- 
54790, USA, diluted 1:500).

plated in a 96-well plate at a density of 5×103 
cells per well for 24 h, and then incubated with 
different concentrations of doxorubicin(Dalian 
Meilunbio Co., Ltd., China) for 24 h. Then 20 µl 
of MTS was added to every well and incubated 
at 37°C for 3 hour. Optical densities (ODs) were 
detected using a spectrometric absorbance of 

Figure 1. Expression of β-arrestin 2 and MDR1/p-gp in human breast cancer. Representative fields of view from the 
TMA cores show examples of positive β-arrestin 2 (A), positive MDR1/p-gp (C), negative β-arrestin 2 (B), and nega-
tive MDR1/p-gp (D) at ×400 magnification. β-arrestin 2 exhibited nuclear and cytoplasm immunoreactivity, MDR/p-
gp membrane immunoreactivity. Correlations between β-arrestin 2 and MDR1/p-gp from these human cases were 
analyzed algorithmically and are depicted in Table 1.

Table 1. Correlation between β-arrestin 2 and MDR1/p-gp in human 
breast cancer

β-arrestin 2 n
MDR1/p-gp expression

P value
Spearman

Value (r) P value
positive negative correlationa

positive 73 51 22 0.016 0.233 0.016
negative 33 15 18
aThe Spearman correlation was used to compare the degrees of correlation. Positive num-
bers reflected direct correlation, and negative numbers reflected inverse correlation.

Cytotoxicity assay for 
cell survival

The MTS assay was 
used to assess the ef- 
fect of overexpression 
or silencing of β-arrestin 
2 on the chemosensitiv-
ity of human breast 
cancer cells to antican-
cer drugs. Cells were 
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570 nm against a background of 630 nm on a 
Bio-Rad microplate reader (Hercules, CA, USA). 
The value of (A570 anticancer drug +/A570 
anticancer drug - ×100% indicated cell viability. 
Dose-response curves were plotted from three 
independent experiments.

Statistical analysis

Statistical analysis was performed using SPSS 
18.0 (SPSS, Chicago, IL, USA) and GraphPad 

Prism 5 (GraphPad Software, Inc., San Diego, 
CA, USA). All experiments were performed in 
triplicate, and all data were presented as mean 
± S.E.M. The Student’s t-test was used to deter-
mine statistical significance. Comparisons 
between two groups were performed using the 
paired t-test, and the Pearson Chi-Square tests 
or Fisher’s Exact Test was used to evaluate the 
correlation between β-arrestin 2 expression 
and the MDR1/P-gp, if appropriate. P < 0.05 
was considered statistically significant.

Figure 2. Relative expression of β-arrestin 2 and MDR1/p-gp in MDA-MB-231, MCF-7 and ADM cell lines. A. qRT-PCR 
results showed a stronger expression of β-arrestin 2 and MDR1 mRNA in ADM compared to MDA-MB-231, MCF-7 
cell lines. B. Western blot results showed a higher level of β-arrestin 2 and MDR1/P-gp proteins expressed in ADM 
cells. C. Changes in Trps1 and MDR1/P-gp proteins were all significant, error bars indicate standard error. (**P < 
0.01, ***P < 0.001, respectively).

Figure 3. Changes in β-arrestin 2 and MDR1/P-gp mRNA and protein expression in response to β-arrestin 2 knock-
down. A. qRT-PCR for the expression of β-arrestin 2 and MDR1/P-gp mRNA in ADM cells (**P < 0.01, ***P < 
0.001, respectively). B. Western blots showing a decrease in MDR1/P-gp and β-arrestin 2 expression in β-arrestin 
2-silenced ADM cells. C. Changes in β-arrestin 2 and MDR1/P-gp proteins were all significant (**P < 0.01, ***P < 
0.001, respectively).



β-arrestin 2 regulates multidrug resistance in breast cancer

1359 Int J Clin Exp Pathol 2015;8(2):1354-1363

Results

β-arrestin 2 expression correlated with MDR1/
p-gp in human breast cancer

The immunohistochemical staining of β-arrestin 
2 and MDR1/p-gp in 106-samples microarray 
(TMA) human patients were shown in Figure 1. 
β-arrestin 2 expression was observed in 73 
cases, and 33 samples did not express β-ar- 
restin 2. MDR1/p-gp expression was observed 
in 66 cases, and 40 samples did not express 

MDR1/p-gp. The immunohistochemical expres-
sion of β-arrestin 2 was positively correlated 
with MDR1/p-gp. (P = 0.016), which was indi-
cated by Spearman correlation analysis (r = 
0.233, P = 0.016) (Table 1).

Relative expression of β-arrestin 2 and MDR1/
p-gp in MDA-MB-231, MCF-7 and ADM cell 
lines

We previously detected the expression of β- 
arrestin 2 in the breast cancer cell lines MCF-7 

Figure 4. Changes in β-arrestin 2 and MDR1/P-gp mRNA and protein expression in response to β-arrestin 2 over-
expression. A. qRT-PCR for the expression of β-arrestin 2 and MDR1/P-gp mRNA in MDA-MB-231 and MCF-7 cells 
(**P < 0.01, ***P < 0.001, respectively). B. Western blots showing an increase in MDR1/P-gp and β-arrestin 2 
expression in β-arrestin 2-overexpressed MDA-MB-231 and MCF-7 cells. C. Changes in β-arrestin 2 and MDR1/P-gp 
proteins were all significant (**P < 0.01, ***P < 0.001, respectively).

Figure 5. Dose-response curves for doxorubicin concentrations and cell viability. Breast cancer cells were treated 
with four concentrations of doxorubicin for 48 h. Cell viability was calculated relative to untreated controls. A. TRPS1 
knockdown resulted in an increase in doxorubicin cytotoxicity in siβ-arrestin 2 ADM cells. B and C. β-arrestin 2 trans-
fection and upregulation of MDR1/P-gp decreased doxorubicin cytotoxicity in MDA-MB-231 and MCF-7 transfected 
cells. Data points represent averages from triplicates in a representative experiment, and their standard errors are 
depicted.
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and MDA-MB-231, as well as in the multidrug 
resistant subline MCF-7/ADM. β-arrestin 2 was 
found to be higher in mRNA and protein levels 
in ADM cells, compared to the sensitive cell 
lines MCF-7 and MDA-MB-231 (Figure 2). 
Western blotting showed that MDR1/p-gp was 
notably expressed in multidrug resistant ADM 
cells, but not in MDA-MB-231, MCF-7 cells.

Effects of decreased β-arrestin 2 expression 
on MDR1/P-gp mRNA and protein levels in 
ADM cells

To further explore the mechanism and effect of 
β-arrestin 2 on the expression of MDR1/P-gp, 
We transiently transfected β-arrestin 2 siRNA in 
ADM cells, which strikingly expresses high lev-
els of β-arrestin 2 and MDR1/p-gp in mRNA 
and protein levels. We observed a dramatic 
decrease by 89.3% in MDR1/p-gp mRNA level 
by qRT-PCR when β-arrestin 2 was knocked 
down by 76.7%. Western blotting indicated that 
the MDR1/p-gp protein expression levels have 
the same trend as mRNA (Figure 3).

Effects of increased β-arrestin 2 expression on 
MDR1/P-gp mRNA and protein levels in MCF-7 
and MDA-MB-231 cells

In addition to detect the effects of β-arrestin 2 
silence, We treated human breast cancer cell 
lines MCF-7 and MDA-MB-231 with pcDNA3.1-
β-arrestin 2 vector to verify the effects on 
MDR1/P-gp mRNA expression. qRT-PCR sho- 
wed MDR1/P-gp mRNA expression was up-reg-
ulated when β-arrestin 2 was overexpressed 
(Figure 4).

Western blot results for proteins showed the 
same trend as the mRNA levels. These results 
further indicated the effects of β-arrestin 2 on 
MDR in human breast carcinoma.

β-arrestin 2 regulates multidrug sensitivity of 
breast cancer cells

The evaluation of sensitivity to anti-cancer 
drugs was accomplished by means of MTS 
assay. The dose-response curves for drug con-
centrations and cell viability indicated an 
increase in sensitivity to doxorubicin in β-ar- 
restin 2-silenced ADM cells (Figure 5). In addi-
tion, when we transfected full-length β-arrestin 
2 plasmid into MDA-MB-231 and MCF-7 cell 
lines, sensitivity to doxorubicin was significantly 
decreased, indicating that β-arrestin 2 is 
responsible for MDR of breast cancer.

Discussion

As we all know, chemotherapy is a routine ther-
apy method in the management of patients 
with breast carcinoma. However, cross-resis-
tance to structurally and mechanistically unre-
lated anti-cancer drugs is a major impediment 
to the treatment of breast cancer [4, 21, 22], 
which leading to poor diagnosis. The mecha-
nism of MDR has been investigated by research-
ers for many years and it is very complicated 
[23, 24]. Overexpression of members of the 
adenosine triphosphate (ATP)-binding cassette 
(ABC) membrane transporter family accounts 
for the main factor [2, 25]. MDR1/p-gp, known 
as a member of the (ABC) transporter family, is 
significantly overexpressed in multidrug resis-
tance phenotype [2].

Several drugs targeted to MDR1/p-gp have 
been preliminarily used in clinical treatment, 
but with limited effect because of their cyto-
toxic effects and adverse pharmacokinetics 
[15, 21], so it is very difficult to come to a satis-
fying result. Luckily, molecular therapy that tar-
geted signaling pathways widely involved in the 
regulation of MDR1/p-gp has drawn more and 
more researcher’s attention in recent years 
[22]. 

By accident, we found a positive relationship 
between β-arrestin 2 and MDR1/p-gp. β-ar- 
restin 2 was initially regarded as mediators of 
GPCR signaling [16, 19, 20, 28]. Besides, grow-
ing studies demonstrated that β-arrestin 2 
takes part in multiple aspects of tumor devel-
opment, such as proliferation, apoptosis, mig- 
ration and invasion [27, 28]. However, whether 
β-arrestin 2 could mediate multidrug resis-
tance has not been discovered in previous 
studies, so our unintentional experimental find-
ings attract our attention.

In order to verify our findings, we selected 3 
human breast cancer cell lines MDA-MB-
231,MCF-7 and the multidrug resistant subline 
MCF-7/ADM to detect the relative expression of 
β-arrestin 2 and MDR1/p-gp by qRT-PCR and 
western blotting. We found that the expression 
of β-arrestin 2 in multidrug resistant subline 
ADM is evidently higher than chemotherapy 
sensitive cells MDA-MB-231 and MCF-7, which 
is consistent with the expression of MDR1/p-
gp. We assumed that β-arrestin 2 could regu-
late multidrug resistance in human breast can-
cer, thus silence of β-arrestin 2 may restore 
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multidrug resistance to some extent. To eluci-
date our assuming in depth, we transiently 
transfected small interfering RNA (siRNA) pSU-
PER- siβ-arrestin 2 in ADM and transfected full 
length plasmid pCDNA3.1-β-arrestin 2 in MDA-
MB-231 and MCF-7 cells. Then we examined 
the mRNA and protein level of MDR1/p-gp after 
silence or overexpression of β-arrestin 2 in 
respective cell lines by q-PCR and western blot-
ting. We discovered that the expression of 
MDR1/p-gp was consistent with the changes of 
β-arrestin 2. MTS cell viability assays showed 
that these cells exhibited statistically signifi-
cant resistance to anti-cancer drugs. The cell 
toxicity of anti-cancer drugs in ADM with silenc-
ing of β-arrestin 2 was significantly lower than 
the control. By contrast, MDA-MB-231 and 
MCF-7 cells transfected with pCDNA3.1-β-
arrestin 2 became more resistant to these anti-
cancer drugs. So we concluded that the chang-
es of β-arrestin 2 could affect the toxicity of 
anti-cancer drugs in cells. Immunohistochemi- 
stry indicate there is a positive correlation 
between β-arrestin 2 and MDR1/P-gp. All these 
results evidently verified our hypothesis.

Because of time limit, we only indicated that 
β-arrestin 2 could mediate multidrug resis-
tance by regulating the expression of MDR1/p-
gp. But, the mechanism about the regulating of 
MDR1/p-gp by β-arrestin 2 still remains un- 
clear.

The Wnt/β-catenin signaling pathway involves 
in breast cancer development and plays a key 
role in chemoresistance, by regulating the tran-
scription of multidrug resistance gene MDR1 
[29-31]. Human MDR1 gene is a direct target of 
Wnt/β-catenin signaling pathway [21]. β-arre- 
stin 2 has also shown to be an essential com-
ponent of the Wnt/β-catenin signaling pathway 
[16, 28]. In the classical Wnt/β-catenin signal-
ing pathway, β-arrestin 2 interacts with intracel-
lular protein Dishevelled (Dsh) and Axin, thus 
stabilizing the β-catenin and promoting its 
translocation to nucleus. Then β-catenin com-
bines with TCF/LEF transcriptional complex and 
activate the target gene transcription [31, 32]. 
So we infer that β-arrestin 2 may mediate mul-
tidrug resistance through Wnt/β-catenin signal-
ing pathway by forming a complex with other 
proteins. In our future experiment work, we will 
investigate the mechanism in depth. We will 
carry out a series of trials to investigate wheth-

er β-arrestin 2 regulates multidrug resistance 
in breast cancer cells by interacting with 
β-catenin through Wnt/β-catenin signaling 
pathway. 

In conclusion, we concluded that β-arrestin 2 
was significantly overexpressed in multidrug 
resistance cell ADM, and the silencing of 
β-arrestin 2 by siRNA down-regulated the ex- 
pression of MDR1/p-gp, consequently, sensitiv-
ity to anti-cancer drugs could be partially 
restored. We hope our findings will be regarded 
as a new feasible approach to reverse MDR. In 
particular, we suggest β-arrestin 2 as a new 
molecular target for reversing drug resistance 
in breast carcinoma. 
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