MEDICAL ANIMAL STUDY

SCIENCE

. e-ISSN 1643-3750
MON TOR © Med Sci Monit, 2016; 22: 5068-5073
DOI: 10.12659/MSM.898685

Neeeed 2060813 Effect of Fu-Zheng-Xiao-Liu Granules on

pubtshes: zoten Expression of Human Epidermal Growth Factor
Receptor 2 (HER-2) and Proliferation and
Apoptosis of Breast Cancer Cell Line SKBR-3

Authors’ Contribution: cb Ting Mo Department of Integrated Chinese and Western Medicine, Shenzhen Second
Study Design A EF Shuangbing Yue People’s Hospital (Shenzhen University First Affiliated Hospital), Shenzhen,
Data Collection B Guangdong, P.R. China

Statistical Analysis C AG Huan Tian
Data Interpretation D BF Hong Lin
Manuscript Preparation E CE Guanglu Zhang

Literature Search F
Funds Collection G

A Zili Zhang

Corresponding Author: Zili Zhang, e-mail: zhanzili258@sina.com
Source of support: This project was supported by Shenzhen Science and Technology Innovation Committee (No. JCY)20140414170821153)

Background: Previous research showed that granulized Fu-Zheng-Xiao-Liu has a significant effect on breast cancer. However,
it remains unclear whether HER-2 plays a role in this anti-cancer effect.

Material/Methods: Serum of male SD rats administered Fu-Zheng-Xiao-Liu granules (SF) was prepared and used to treat HER-2
positive breast cancer cell line SKBR-3. PBS and herceptin were used as negative and positive controls, respec-
tively. MTT was used to detect the proliferation of SKBR-3 cells. Flow cytometry was used to measure the apop-
tosis of SKBR-3 cells. Western blot and immunofluorescence were used to measure the expression change of
HER-2.

Results: Serum of male SD rats administered Fu-Zheng-Xiao-Liu granules had significantly reduced HER-2 expression
at both mRNA level and protein level, significantly inhibited proliferation of SKBR-3 cells, and significantly in-
creased apoptosis of SKBR-3 cells, compared to that of the blank control group or serum control group.

Conclusions: Fu-Zheng-Xiao-Liu granules affect proliferation and apoptosis through inhibition of HER-2 transcription and
translation, providing an experimental basis for further study of the mechanism by which Fu-Zheng-Xiao-Liu
granules affect breast cancer.
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Background

The incidence of breast cancer increases yearly, and has be-
come one of the leading threats to women’s health. It has
been shown that 30% of breast cancer patients showed HER-
2 overexpression, indicating that HER-2 gene and the occur-
rence, development, treatment, and prognosis of breast cancer
are closely related [1,2]. Compared to HER-2-negative breast
cancer, HER-2-positive breast cancer is more aggressive and
malignant; is not sensitive to radiotherapy, chemotherapy, or
hormonal therapy; and has higher chance of recurrence and
metastasis, worse prognosis, and lower survival rate [3-7].
Studies have shown that HER-2 can effectively activate the
PI3K-ATK signalling pathway and lead to p53-mediated apop-
tosis in in vitro experiments, which needs to be investigated
in breast cancer. Our previous study showed that Fu-Zheng-
Xiao-Liu granules have a significant effect on breast cancer.
In that study, we showed that Fu-Zheng-Xiao-Liu granules im-
prove breast cancer patients’ immune function; relieve clini-
cal symptoms after surgery, radiotherapy, and chemotherapy;
improve the quality of life; and prevent tumor recurrence or
metastasis, However, it remains unclear whether HER-2 plays
a role in this anti-cancer effect [22]. In this study, the HER-2-
positive breast cancer cell line SKBR-3 was used to study the
effect of serum of male SD rats administered Fu-Zheng-Xiao-
Liu granules (SFG) on the expression of HER-2 and the prolifer-
ation and apoptosis of SKBR-3; to explore the molecular mech-
anisms of the anti-cancer effect of Fu-Zheng-Xiao-Liu granule;
and thereby provide a new pharmacological basis and ther-
apeutic strategies for HER-2-positive breast cancer patients.

Material and Methods

Material

We used Fu-Zheng-Xiao-Liu granules (Shenzhen Second People’s
Hospital), Herceptin (Roche), male SPF SD rats (Guangdong
Medical Laboratory Animal Center, Guangzhou), SKBR-3 cells
(breast adenocarcinoma cell line) (Fu-Xiang Bio, Shanghai),
DMEM (Sigma,D1152), RPMI-1640 (Sigma, R4130), FBS (Hyclone,
SV30087.02), trypsin (Gibco,25200072); MTT (Sigma, V900888-
1G), apoptosis kit (Life, V13241), TRIzol (life, 15596-026); SYBR
Green/Fluorescein qPCR Master Mix (2X) (Fermentas, #K0242),
Ex TagTM (Takara,DRR100A); RIPA Buffer (PIERCE, 89900), BCA
protein concentration kit (Sigma, BCA1-1KT); rabbit anti-ErbB 2
antibody (Abcam, ab108371), mouse anti-beta-Actin antibody
(Abcam, ab6276), goat anti-mouse IgG H&L (HRP) (Abcam,
ab6789), goat anti-rabbit 1gG H&L (FITC) (Abcam, ab6717),
Bio-Rad Gel Imager (Bio-Rad); PCR amplifier 9700 (ABI), and
real-time PCR (ABI, ViiA7).

ANIMAL STUDY

Preparation of serum of male SD rats administered Fu-
Zheng-Xiao-Liu granule (SFG)

Fifty 1-month-old male SPF SD rats with average body weight
of 20+2 g were included in this study. The rats were random-
ly divided into 3 groups: control group (blank, n=10), posi-
tive control group (positive, n=10), and experimental group
(E, n=30). The 3 doses used in the E group were 5.67 g/kg (1
dose), 11.34 g/kg (double dose), and 17.01 g/kg body weight
(triple dose). The Fu-Zheng-Xiao-Liu granules were dissolved
in water and delivered by oral gavage twice a day. Blood was
collected after 3 days of drug administration via the inferior
vena cava and serum was collected. D-PBS and herceptin were
used in the C group and PC group.

Rats were used for all experiments, and all procedures were
approved by the Animal Ethics Committee of Shenzhen Second
People’s Hospital.

SKBR-3 cell viability assay with MTT

SKBR-3 cells were cultured in RPMI-1640 with 10% FBS (pen-
icillin and streptomycin, 100 u/ml of each). Cells were cul-
tured in 6-well plates at concentration of 1x10%/ml, serum
from blank, positive, and experimental groups were added
to the medium of cells 24 h later and the cells were cultured
for another 72 h. We added 100 ul of MTT (5 mg/ml) to the
medium and incubated it for 4 h before 200 ul of DMSO was
added. OD550 were measured for each well. Each experiment
was repeated 3 times.

SKBR-3 apoptosis measurement by flow cytometry

SKBR-3 cells were cultured in RPMI-1640 with 10% FBS (pen-
icillin and streptomycin, 100 u/ml of each). Cells were cul-
tured in 6-well plates at a concentration of 1x108/ml. Serum
from blank, positive, and experimental groups were added
to the medium of cells 24 h later and the cells were cultured
for another 48 h. Cells were then trypsinized, collected, and
washed once with PBS. Pl was added, followed by incubated
for 30 min in the dark. Fluorescence of DNA-PI was measured
by flow cytometry.

Real-time PCR

SKBR-3 cells were cultured in RPMI-1640 with 10% FBS (pen-
icillin and streptomycin, 100 u/ml of each). Cells were cul-
tured in 6-well plates at a concentration of 1x108/ml. Serum
from blank, positive, and experimental groups were added
to the medium of cells 24 h later and the cells were cultured
for another 24, 48, or 72 h. Cells were collected. RNA was ex-
tracted with TRIzol and reverse transcribed into cDNA. HER-
2 gene expression was measured and normalized to B-actin.
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Figure 1. Effect of Fu-Zheng-Xiao-Liu granules on SKBR-3’s cell
viability.
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Figure 2. Effect of Fu-Zheng-Xiao-Liu granules on SKBR-3’s
apoptosis.

Primers used in this study were: HER-2-F: 5’-GGAGACCCGC
TGAACAATACC-3; HER-2-R: 5’-GGGTTCCGCTGGATCAAGAC-3’;
B-actin-F: 5’-CACGATGGAGGGGCCGGACTCATC-3’; B-actin-R:
5’-TAAAGACCTCTATGCCAACACAGT-3'. The quantitative PCR reac-
tion system was as follows: 2 pl of cDNA, 0.5 pl of each primer
(20 pM), 9 pl of ddH20, 0.5 pl of ROX, and 12.5 ul of 2x SYBR
Premix EX Taq. The PCR conditions were: 95°C for 130 s (pre-
denature) followed by 40 cycles of 95°C for 5 s and 60°C for 31
s. The final extension cycle was 60°C 1 min and 95°C for 15 s.

Western blot analysis

Cells were collected 48 h after drug administration, and pro-
tein was extracted. Aliquots containing 50 ug proteins were
loaded onto a 10% sodium dodecy! sulfate-polyacrylamide gel
(SDS-PAGE). After electrophoresis, proteins were transferred
to a polyvinylidene fluoride (PVDF) membrane. The membrane
was probed with antibodies against HER-2 and B-Actin. The
membrane was then incubated with HRP-conjugated goat
anti-rabbit IgG or goat anti-mouse 1gG antibody. The protein
bands were visualized by an enhanced chemiluminescence de-
tection system (GE Healthcare, Piscataway, NJ) and quantified
by densitometry analysis.

Figure 3. Effect of Fu-Zheng-Xiao-Liu granules on HER-2 gene
expression at mRNA level.

Immunofluorescence staining

Cells were fixed with 4% paraformaldehyde at room tempera-
ture for 30 min at 24, 48, and 72 h after drug treatment. Cells
were permeabilized with 0.05% Triton X-100 and blocked with
1% bovine serum albumin for 30 min. Subsequently, cells were
incubated with primary antibody (1:50) overnight followed
by incubation with secondary antibody. Fluorescence images
were captured using the Leica TCS SP5 confocal system (Leica,
Wetzlar, Germany).

Statistical analysis

Results are shown as mean +SD. If the distribution was normal
or its variances were equal, then the differences between vari-
ous treatments were analyzed by one-way ANOVA. Otherwise,
the differences between various treatments are analyzed by
rank-sum test. P value < 0.05 was considered significant.

Results

Effect of Fu-Zheng-Xiao-Liu granules on SKBR-3 cell
viability

Effect of Fu-Zheng-Xiao-Liu granules on the viability of breast
cancer cell line SKBR-3 was measured by MTT. Results showed
that when compared to blank serum controls, SFG from the
double-dose group treated for 72 h had significantly decreased
cell viability of SKBR-3 (p<0.01) (Figure 1).

Effect of Fu-Zheng-Xiao-Liu granules on SKBR-3’s
apoptosis

Compared to blank serum controls, SFG treatments increased
the apoptosis of SKBR-3. In particular, SFG from the double-
dose group treated for 48 h had significantly increased apop-
tosis of SKBR-3 (p<0.05) (Figure 2).
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Table 1. Risk factors of SKBR-3 viability and apoptosis.
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Table 2. Risk factors of HER-2 gene expression.
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Figure 4. Effect of Fu-Zheng-Xiao-Liu granules on HER-2 gene
expression at protein level.

138 kDa

Effect of Fu-Zheng-Xiao-Liu granule on the expression of
HER-2 gene at mRNA level

The expression of HER-2 gene at the mRNA level was measured
by real-time PCR. Results showed that positive serum signif-
icantly suppressed the expression of HER-2 gene. SFG treat-
ment for 48 h also significantly suppressed the expression of
HER-2. Among SFG treatments, 1 dose showed the best effect
on suppression of HER-2 gene expression (p<0.05) (Figure 3).

Regression analysis of risk factors of SKBR-3 viability,
apoptosis, and HER-2 expression

Regression analysis results showed that treatment with her-
ceptin and Fu-Zheng-Xiao-Liu granules increased the risk of
SKBR-3 viability, apoptosis, and HER-2 gene expression (P<0.05)
(Tables 1, 2).

Effect of Fu-Zheng-Xiao-Liu granules on the expression of
HER-2 gene at protein level

The expression of HER-2 gene at the protein level was mea-
sured by Western blot. Results showed that SFG treatments for

48 h significantly suppressed the expression of HER-2. Among
SFG treatments, 1 dose showed the best effect on suppres-
sion of HER-2 gene expression at the protein level (Figure 4).

Effect of Fu-Zheng-Xiao-Liu granule on the expression of
HER-2 in vitro

The expression of HER-2 protein in SKBR-3 was measured by
immunofluorescence staining at 24, 48, 72 h after SFG treat-
ments. Results showed that SFG treatments significantly sup-
pressed the expression of HER-2. Among SFG treatments, the
double dose showed the highest suppression of HER-2 gene
expression (Figure 5).

Discussion

Breast cancer is characterized by high incidence, strong inva-
siveness, and slow progression [3]. In China, from 2001 to 2005,
the incidence of breast cancer in women increased 38.5%, and
the number of deaths from breast cancer increased by 37.1%.
There is a tendency toward younger age at onset. Breast can-
cer has become the major threat to women'’s lives. Therefore,
it is urgent to explore practical strategies for controlling breast
cancer recurrence and metastasis [8-12].

Recent studies have found that about 30% of breast cancer
patients showed overexpression of HER-2 gene, and breast
cancer patients in China showed a higher HER-2 overexpres-
sion ratio of 39.5%. HER-2 overexpression has become an im-
portant marker of poor prognosis in breast cancer patients
[9-16]. Our group previously found that the Fu-Zheng-Xiao-
Liu granules could inhibit the proliferation of drug-resistant
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Figure 5. Effect of Fu-Zheng-Xiao-Liu granules on the expression of HER-2 in vitro.

MCF-7 cells and enhance the sensitivity of drug-resistant MCF-
7 cells to a combination of chemotherapy drugs. The inhibito-
ry effect of Fu-Zheng-Xiao-Liu granules on cancer cell prolif-
eration was dependent on the down-regulation of multidrug
resistance 1 (MDR1) and P-gp expression [17-20].

Conclusions

In this study, we found that SFG treatment of SKBR-3 breast
cancer cells significantly inhibited the proliferation and promot-
ed the apoptosis of SKBR-3, indicating that Fu-Zheng-Xiao-Liu
granules can regulate the proliferation and apoptosis of breast
cancer cell line SKBR-3. We also found that the expression of
HER-2 was suppressed at both mRNA and protein levels; there-
fore, it is reasonable to speculate that Fu-Zheng-Xiao-Liu gran-
ules affect the proliferation and apoptosis of SKBR-3 through
suppression of HER-2 expression. Moreover, regression analy-
sis showed that herceptin and Fu-Zheng-Xiao-Liu granules af-
fect SKBR-3 viability, apoptosis, and HER-2 gene expression. All
these results suggest that Fu-Zheng-Xiao-Liu granules significant-
ly affect SKBR-3 viability and HER-2 gene expression. This study
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