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Breast cancer is one of the most commonly 
diagnosed cancers worldwide and the leading cause of 
cancer-related deaths among women, with an estimated 
1.7 million new diagnoses and 0.5 million deaths each 
year.(1) Current treatments for breast cancer often involve 
surgery in combination with chemotherapeutic drugs 
such as adriamycin (ADR, also known as doxorubicin), 
5-fluorouracil (5-FU), cyclophosphamide, paclitaxel 
and docetaxel.(2,3) However, prolonged use of these 
chemotherapeutic drugs often generate multi-drug 
resistance in various cancers, in addition to a high level 
of toxicity against normal cells. Therefore, it is essential 
to develop novel chemotherapeutics.

A common mechanism of multi-drug resistance is 
the overexpression of adenosine triphosphate-binding 
cassette (ABC) family of transporter proteins, such as 
breast cancer resistance protein (BCRP/ABCG2) and 
ABCB1 associated protein, which protects cells from 
chemotherapeutics-induced damage by increasing 
the efflux of these compounds.(4-6) Drug resistance 
is also characterized by the acquisition of epithelial-
mesenchymal transition (EMT), a process where 

epithelial cells lose polarity and cell adhesion, and then 
acquire the characteristic properties of mesenchymal 
cells.(7,8) It has shown that EMT is strongly correlated 
with drug resistance in various kinds of human 
cancer.(9-11) Chemoresistance-induced EMT confers 
cancer cells the properties of migration and invasion, 
leading to cancer progression and metastasis.(12) Drug 
resistance and EMT could be regulated by various 
cytokines and growth factors, such as transforming 
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growth factor β1 (TGF-β1).(13,14) Thus, inhibiting 
chemoresistance and related EMT via suppression of 
TGF-β signaling might be a potential novel therapeutic 
strategy against cancers.

Chinese medicine (CM) has recently received 
significant attention in the field of cancer therapy, due 
to the benefits of decreased chemoresistance and 
fewer side-effects.(15) As a well known CM formula 
that was first prescribed more than 450 years ago in 
the Ming Dynasty, Pien Tze Huang (片仔癀, PZH) 
exhibited significantly properties of heat clearing, 
detoxifi cation, dissipation of hard mass, detumescence 
and analgesia,(16) resulting from its main ingredients 
including Moschus, Calculus Bovis, Snake Gall and 
Radix Notoginseng. Based on CM theory, PZH has 
been widely used to clinically treat traumatic injuries 
and a variety of inflammatory diseases, particularly 
hepatitis.(16-18) More importantly, in China and Southeast 
Asia, PZH has also been used as a folk remedy to treat 
patients with various types of human cancer, including 
colorectal cancer (CRC). Our previous studies indicated 
that PZH treatment significantly suppressed tumor 
growth via the promotion of cancer cell apoptosis,(19,20) the 
inhibition of cell proliferation,(20-23) tumor angiogenesis(21,23) 
and lymphangiogenesis,(24) which is probably mediated 
by modulation of multiple signaling pathways. The 
suppression of PZH on tumor growth in CRC was 
further confirmed in both osteosarcoma cancer and 
ovarian cancer from other group's studies.(25,26) Recent 
studies also indicated that PZH treatment significantly 
inhibited the growth of colorectal cancer stem cells 
via suppression Notch signaling pathway.(27,28) More 
importantly, PZH treatment signifi cantly suppressed the 
metastasis of colorectal cancer cells via suppression 
TGF-β signaling pathway,(29,30) as well as overcome 
drug resistance in colorectal cancer and osteosarcoma 
cancer.(31,32) To further elucidate the molecular 
mechanisms of its tumoricidal activities, in the present 
study we used a ADR resistant human breast cancer 
cell line (MCF-7/ADR) to evaluate the effect of PZH 
on breast cancer chemoresistance and related EMT, 
as well as on expression of ABCG2, ABCB1 and the 
activation of TGF-β1 pathway.

METHODS

Materials and Reagents
Roswell Park Memorial Institute (RPMI)-1640 

medium, fetal bovine serum (FBS) and penicillin-
streptomycin were obtained from Thermo Fisher 

Scientifi c (USA). N-cadherin and ABCB1 antibodies were 
purchased from Abcam (China). ABCG2 antibody was 
purchased from Sangon Biotech (China). TGF-β and 
β-actin antibodies and horseradish peroxidase (HRP)-
conjugated secondary antibodies were provided by 
Cell Signaling Technology (USA). Transwell chambers 
were obtained from Corning Life Sciences (USA). BD 
BioCoat Matrigel Invasion Chamber was purchased 
from BD Bioscience (USA). All the other chemicals, 
unless otherwise stated, were obtained from Sigma 
Chemicals (USA).

Preparations of PZH
PZH was obtained from and authenticated by 

Zhangzhou Pien Tze Huang Pharmaceutical Co. Ltd., 
China (lot No. 201602001). Stock solutions of PZH were 
prepared by dissolving the PZH powder in phosphate-
buffered saline (PBS) at a concentration of 20 mg/mL. 
The working concentrations of PZH were made by 
diluting the stock solution in the cell culture medium.

Cell Culture
Human breast cancer MCF-7 cells and MCF-7/

ADR cells were obtained from Nanjing KeyGen Biotech. 
Co. Ltd. (China). MCF-7 cells were cultured in RPMI-
1640 complete medium containing 10% (v/v) FBS, 
100 U/mL penicillin and 100 μg/mL streptomycin in a 
37 ℃ humidified incubator with 5% CO2. MCF-7/ADR 
cells were cultured in RPMI-1640 complete medium 
supplemented with 100 μg/mL ADR.

Evaluation of Cell Viability
Cell viability of MCF-7 and MCF-7/ADR cells was 

assessed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
H-tetrazolium bromide (MTT) assay. Cells were seeded in 
96-well plates at a density of 3×103 cells/well in 100 μL 
medium and treated with various concentrations of ADR 
(0.5–8 μmol/L) for 48 h or PZH (0.25–0.75 mg/mL) for 
24 h. MTT assay was subsequently performed by 
addition of 100 μL MTT (0.5 mg/mL in PBS) to each 
well, and then incubated for 4 h at 37 ℃. The resulting 
purple-blue MTT formazan precipitate was dissolved in 
100 μL dimethyl sulfoxide (DMSO). The absorbance 
was measured at 570 nm using an enzyme linked 
immunosorbent assay (ELISA) reader (BioTek, Model 
ELX800, USA).

Measurement of ADR Accumulation
MCF-7 and MCF-7/ADR cells were seeded in 

12-well plates at a density of 1×105 cells/mL, and 
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MCF-7/ADR cel ls  were t reated wi th  var ious 
concentrations of PZH (0.25–0.75 mg/mL) for 24 h. 
Both MCF-7 and MCF-7/ADR cells were then treated 
with 5 μmol/L ADR and incubated for an additional 
1 h at 37 ℃. ADR accumulation was halted by cooling 
on ice, and cells were washed with ice-cold PBS prior to 
observation under a fl uorescence microscope (200×).

Measurement of Cell Migration and Invasion
Cell migration assay was performed using transwell 

cell culture chambers with 8 μm pore filters (Corning 
Life Sciences, USA). Cells were treated with various 
concentrations of PZH for 24 h, then resuspended and 
seeded into the inserts at a density of 5×104 cells/well 
containing 200 μL serum-free RPMI-1640. The inserts 
were placed within a 24-well chamber with RPMI-1640 
media containing 10% (v/v) FBS. Cells were cultured 
for 12 h at 37 ℃, and the top surface of the transwell 
membrane was scraped to remove non-migratory 
cells. Migrated cells were fi xed and stained with crystal 
violet. The mean number of migrated cells per fi eld was 
assessed by counting 5 random fields under a phase-
contrast microscope (Leica, Germany) at a magnifi cation 
of 200×. Cell invasion assays were similarly performed, 
with the exception that the upper chambers were coated 
with Matrigel Matrix (BD Biosciences, USA).

Western Blot Analysis
MCF-7 and MCF-7/ADR cells were seeded into 

25 cm2 culture flasks at a density of 1.5×105 cells/mL 
and treated with various concentrations of PZH for 24 h. 
Cells were lysed with cell lysis buffer containing protease 
and phosphatase inhibitor cocktails, and the resulting 
total protein concentrations were determined by BCA 
assay. Equal amounts of proteins were resolved on 10% 
 sodium dodecylsulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) gels and electroblotted. The PVDF 
membranes were blocked with blocking buffer and 
probed with primary antibodies against N-cadherin, 
TGF-β, ABCB1, ABCG2 or β-actin (1:1000 dilution) 
overnight at 4 ℃, then incubated with the appropriate 
HRP-conjugated secondary antibody (1:5000). Protein 
bands were subsequently detected using enhanced 
chemiluminescence.

Statistical Analysis
Statistical analysis of the data was performed 

with independent Student-t test between two groups or 
one-way ANOVA among 3 and more groups using SPSS 
18.0 software. Data were presented as mean±strandard 

deviation (x–±s) of 3 individual experiments. Differences 
with P<0.05 were considered statistically signifi cant.

RESULTS

PZH Overcomes ADR Resistance in Human 
Breast Cancer Cells

ADR treatment had no significant inhibitory 
effect on MCF-7/ADR cell viability, while the viability 
of parental MCF-7 cells was remarkably reduced by 
ADR treatment (P<0.05, Figure 1A). However, PZH 
(0.25–0.75 mg/mL) treatment signifi cantly decreased 
MCF-7/ADR cell viability with a dose-dependent 
manner (Figure 1B).

Figure 1. Effect of PZH on Viability of ADR Resistant 
Human Breast Cancer Cells by MTT Assay (n=3, ±s)

Notes: P<0.05 vs. MCF-7/ADR cells; △P<0.05 vs. control group

PZH Increases Intracellular Drug Accumulation 
via Reducing Expression of ABCB1 and ABCG2 
in MCF-7/ADR Cells

As shown in Figure 2, the extent of intracellular 
ADR was signifi cantly increased after PZH treatment. 
As shown in Figure 3, drug resistance induced 
the elevated expression of ABCB1 and ABCG2 in 
MCF-7/ADR cells (P<0.05), which however was 
signifi cantly inhibited by PZH (0.5 and/or 0.75 mg/mL) 
treatment (P<0.05).

PZH Inhibits EMT and Metastatic Abilities in 
MCF-7/ADR Cells

As shown in Figure 3, PZH (0.75 mg/mL) 
treatment profoundly inhibited the drug resistance-
induced e levat ion in  N-cadher in  express ion 
(P<0.05). MCF-7/ADR cells displayed a significant 
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increase in both migration and invasion, compared 
to parental MCF-7 cells (P<0.05). However, PZH 
(0.25–0.75 mg/mL) treatment significantly reduced 
metastatic capacities of MCF-7/ADR cells (Figure 4). 

PZH Suppresses Activation of TGF-β1 Pathway 
in MCF-7/ADR Cells 

As shown in  F igure  3 ,  ADR res is tance 
signifi cantly enhanced TGF-β1 expression (P<0.05). 

Figure 2. Effect of PZH on Accumulation of 
ADR in MCF-7/ADR Cells

Notes: Intracellular accumulation of ADR was determined 
by fl uorescence microscope and photographed at magnifi cation 
of ×200 after treatment with the indicated concentration of 
PZH for 24 h. Red fl uorescence represents ADR. Images were 
representatives of 3 independent experiments.

MCF-7 MCF-7/ADR

MCF-7/ADR+PZH (mg/mL)

0.25 0.750.5

Figure 3. Effect of PZH on Expressions of ABCB1, 
ABCG2, N-cadherin and TFG-β1 in 

MCF-7/ADR Cells by Western Blot Analysis
Notes: MCF-7/ADR cells were treated with indicated 

concentration of PZH for 24 h. (A) Images were representatives 
of three independent experiments. (B) The integrated density 
of bands were determined by ImageLab Software. P<0.05 vs. 
untreated MCF-7 cells; △P<0.05 vs. untreated MCF-7/ADR cells.
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Figure 4. Effect of PZH on Migration and Invasion of MCF-7/ADR Cells
Notes: MCF-7/ADR cells were treated with indicated concentrations of PZH for 24 h. The migration (A and C) and invasion (B and 

D) of MCF-7/ADR or parental MCF-7 cells was determined using transwell cell culture chambers. Cells were stained with crystal violet 
and the photographs were taken at a magnifi cation of ×200. The data were normalized to the migration or invasion of MCF-7/ADR cells 
(x–±s, n=3). P<0.05 vs. parental MCF-7 cells; △P<0.05 vs. MCF-7/ADR cells without PZH treatment.
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However, PZH (0.5 and 0.75 mg/mL) significantly 
suppressed drug resistance-induced activation of 
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TGF-β1 pathway (P<0.05).
 

DISCUSSION

Chemotherapy remained to be one of the most 
major treatments for various malignancies, including 
breast cancer. However, the development of novel and 
effective therapeutic strategies which can overcome 
multi-drug resistance still remains a significant 
challenge. Recently, it is indicated that the treatment 
of CM significantly decreased cancer drug resistance 
caused by current used chemotherapy drugs in various 
cancers.(33-35) PZH is a well-known CM formula which 
has long been used as a remedy for various cancers in 
China and Southeast Asia. We recently demonstrated 
that PZH can inhibit the growth and metastasis of 
5-FU resistant colorectal cancer HCT-8/5-FU cells via 
modulation of TGF-β signaling pathway,(31) suggesting 
that PZH can overcome drug resistance in human CRC. 
In the present study, we used MCF-7/ADR cell line to 
further elucidate the effects of PZH on ADR resistance 
in breast cancer. We found that PZH significantly 
inhibited the viability of ADR resistant MCF-7/ADR cells 
in a dose-dependent manner.

Since overexpression of ABC family of transporter 
proteins, such as breast cancer resistance protein 
(BCRP/ABCG2) and ABCB1 associated protein is 
one of the most common mechanisms of multi-drug 
resistance by protecting cells from chemotherapeutics-
induced damage via increasing the efflux of these 
compounds.(4-6) Therefore, we evaluated the effect of 
PZH treatment on accumulation of ADR and expression 
of ABCG2 and ABCB1. We found that PZH increased 
the accumulation of ADR and down-regulated the 
expressions of cancer drug resistance proteins ABCG2 
and ABCB1, thereby demonstrating the ability of PZH in 
inhibiting chemoresistance in human breast cancer cells.

EMT is a key process involved in cancer drug 
resistance.(9-11) In addition, it has been demonstrated that 
ADR-resistant MCF-7 cells exhibit typical phenotypes 
of EMT, as well as the increased expression of 
mesenchymal cell markers and decreased formation of 
desmosomes and tight junctions.(11) Data in the present 
study showed that PZH treatment signifi cantly inhibited 
chemoresistance-induced characteristics of EMT in 
MCF-7/ADR cells, as evidenced by the decreased 
expression of mesenchymal cell marker N-cadherin. 
Moreover, PZH signifi cantly inhibited chemoresistance-
enhanced migrative and invasive capacities of breast 

cancer cells. The involvement of EMT in cancer is 
mediated by multiple intracellular pathways, including 
TGF-β1 signaling pathway. Cancer drug resistance 
signifi cantly increased the expression levels of TGF-β1 
in breast cancer MCF-7/ADR cells, which was also 
signifi cantly suppressed by PZH treatment.

In conclusion, we demonstrated that PZH can 
effectively overcome ADR resistance via down-
regulating ABCG2, ABCB1 and inhibit EMT in breast 
cancer MCF-7/ADR cells via suppression of the 
TGF-β1 pathway. 
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