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Abstract

Aim of the study. To examine the antiproliferation and anti-invasion of Eupolyphaga sinensis Walker 70% ethanol extract
(ESWE) on breast cancer and elucidate the underlying signaling mechanisms. Methods. MTT and colony formation assays
were used to investigate the effect of ESWE on proliferation of breast cancer cells in vitro. The xenograft mouse tumor
model was used to determine the effect of ESWE on breast cancer in vivo. To investigate the underlying molecular
mechanisms, we used western blotting to analyze the expression of ERK1/2, CXCR4, matrix metalloproteinase 2 (MMP2),
and MMP9 pretreated with ESWE. The stromal cell-derived factor (SDF)-la-induced migration and invasion potential of
breast cancer cells were examined by wound-healing assays and Matrigel invasion chamber assays. Results. ESWE effectively
inhibited the proliferation of MDA-MB-435s and MDA-MB-231 cells and exhibited antitumor effects in an MDA-MB-23 |
xenograft mice model. Furthermore, ESWE suppressed the activity of ERK1/2, a key molecule of MAPK signaling. We also
observed that ESWE treatment led to downregulation of CXCR4 expression as well as greatly reduced MMP2 and MMP9.
ESWE affected CXCR4 expression partially through the modulation of autocrine vascular endothelial growth factor.
However, suppression of CXCR4 expression was the result of downregulation of MRNA expression. Inhibition of CXCR4
expression by ESWE further correlated with the suppression of SDF-|a-induced migration and invasion in breast cancer
cells. Conclusion. ESWE exerted its antiproliferation and antiinvasion by regulating MAPK signaling and related metastasis
factorsand thus could be a useful therapeutic candidate for breast cancer intervention.
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Introduction immunomodulatory effects of extracts from ESW on lung
cancer, hepatocarcinoma, and gastric adenocarcinoma.®’
Although some studies have been reported, few studies on
breast cancer have been done yet.

Stromal cell-derived factor-1o (SDF-1a, also known as
CXCL12) and its receptor CXCR4 have been widely asso-
ciated with metastasis of several epithelial and hematopoi-
etic tumors, including breast, prostate, ovary, and lung
cancers.*” Subsequent research has expanded the role of
CXCR4 to regulate carcinogenesis and primary tumor
growth. Whereas the expression of CXCR4 is very low or

Insects have proved to be very important as sources of drugs
for modern medicine. In China, some insects are considered
safe and used as traditional Chinese medicine. Eupolyphaga
sinensis Walker (ESW) belonging to the family Corydiidae
(Blattodea) is widely distributed in China, and it is an
important insect used in Chinese traditional medicine.' In
Chinese folk and traditional medical practices, it is said to
enhance immune response and promote blood circulation
by removing blood stasis and is widely used as a natural
health product to treat many diseases, including bone injury
and immune-related diseases.”” Moreover, ESW is usually
used to control pain.* Some reports showed that ESW, one
of the main components in Dahuang zhechong pill, can
alleviate hepatic fibrosis by decreasing the secretion of ¢ i )
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absent in normal breast tissue, CXCR4 expression is
upregulated in cancer metastasis, leading to enhanced sig-
naling.'™"" Because of its involvement in both metastasis
and primary tumor growth, CXCR4 is an ideal target to
investigate novel therapeutic interventions.

The matrix metalloproteinases (MMPs), a family of
zinc-dependent proteinases involved in the degradation of
the extracellular matrix (ECM), degrade the basement
membrane and ECM, thus facilitating the invasion of malig-
nant cells through connective tissues and blood vessel walls
and resulting in the establishment of metastases.'>"* The
gelatinases A (MMP2) and B (MMP9) are 2 members of the
MMP family that are expressed in human cancer and play a
critical role in tumor cell invasion and metastasis.

We previously demonstrated that ESWE could down-
regulate several key growth and metastasis factors in hepa-
tocellular carcinoma cells using genome-wide microarray
analysis."* In the present study, to examine the effect of
ESW on breast cancer, ESW 70% ethanol extract (ESWE)
was tested for its antitumor effects and the underlying
signaling mechanisms in vitro and in vivo.

Materials and Methods

Reagents

The raw material of ESW used in the study was commer-
cially available as dry matter, which was derived from Jiang
Su (China). Leibovitz’s L15, DMEM (Dulbecco’s Modified
Eagle Medium), F12 medium, insulin, hydrocortisone,
cholera toxin, MG132, and chloroquine were purchased
from Sigma-Aldrich (St Louis, MO). Fetal bovine serum
(FBS) and horse serum were obtained from Lanzhou
national hyclone Bio-engineering Co, Ltd, China.
Recombinant human SDF-1a and epidermal growth factor
were purchased from PeproTech (Rocky Hill, USA).
Antibodies against CXCR4 were obtained from Abcam
(Burlingame, USA). MMP2 rabbit mAb and MMP9 rabbit
mADb were obtained from Epitomics (USA). p44/42 MAPK
(ERK1/2) rabbit mAb and p-p44/42 MAPK (p-ERK1/2)
rabbit mAb were purchased from Cell Signaling (USA).
Vascular endothelial growth factor (VEGF 6 5) rabbit mAb
and horseradish peroxidase (HRP)-conjugated GAPDH
(glyceraldehyde 3-phosphate dehydrogenase) monoclonal
antibody were from Proteintech Group (Chicago, IL). Total
RNA extraction kit was from Fastagen (Fastagen, Shanghai,
China). PrimeScript RT Master Mix Perfect Real Time Kit
(DRR036A) and SYBR Premix Ex Taq II were from
TaKaRa. Lipofectamine 2000 was from Invitrogen. Other
reagents used were analytical grades.

Cell Culture

MDA-MB-435s and MDA-MB-231 breast cancer cell lines
were obtained from Shanghai Institute of Cell Biology in

the Chinese Academy of Sciences in 2012. A recent study
presented the related evidences and suggested that the
MDA-MB-435s cell line originated from breast tissue.'>'°
They were maintained in Leibovitz’s L15 medium supple-
mented with 10% (v/v) FBS and incubated cultures at 37°C
without CO,. MCF-10A breast cells were kindly provided
by Dr Xiao Li (Xi’an Jiaotong University) and grown in a
5% CO,-humidified incubator at 37°C in medium com-
posed of DMEM/F12 supplemented with 5% horse serum,
20 ng/mL epidermal growth factor, 10 pg/mL insulin, 0.5
pg/mL hydrocortisone, 100 ng/mL cholera toxin, 100 units/
mL penicillin, and 100 units/mL streptomycin.

Preparation of ESWE

Extraction of ESWE was done using the method described
previously."*

Cell Viability Assay

Exponentially growing cells were plated into a 96-well
plate (Costar, USA); 24 hours after seeding, cells were incu-
bated in the absence or presence of ESWE for 48 hours. The
cell viability was evaluated using MTT assay, as described
previously."”

Colony Formation Assay

MDA-MB-435s and MDA-MB-231 cells were plated in
6-well plates (100 cells per well). After incubating for 24
hours, the cells were treated with 0.1, 0.2 mg/mL ESWE for
10 to 15 days. Colonies with cell numbers of >50 cells per
colony were photographed and counted after staining with
0.01% crystal violet solution. All the experiments were per-
formed in triplicate wells in 3 independent experiments.

In Vivo Tumor Model

All animal experiments were performed according to the
guidelines and approval of the Institutional Animal Care
and Use Committee of Xi’an Jiaotong University. Four- to
six-week-old immunodeficient female Balb/c mice were
purchased from Shanghai Laboratory Animal center of the
Chinese Academy of Sciences and housed under aseptic
and ventilated conditions. The mice were inoculated by
subcutaneous injection into the mammary fat pad with 0.2
mL MDA-MB-231 cells (1 x 107 cells/mL) resuspended in
5% saline. Tumor size was measured on alternate days
using a vernier caliper and calculated as length x width? x
0.5 (in cm’). Body weights were monitored weekly as an
indicator of overall health. Treatment began when tumors
were palpable and no less than 0.1 cm® in volume. The mice
were randomly assigned to control and treatment groups
(n =4 per group). Animals were administrated ESWE orally
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daily at doses of 200 and 400 mg/kg, respectively, whereas
control animals received equivalent volumes of dissolvant.
After a total of 14 days of treatment, mice were killed
humanely, and tumor tissue was removed and weighed. The
tumor growth inhibition was calculated using the following
formula:

Tumor growth inhibition (%) =
Final tumor weight of control group — Final tumor
weight of treatment group

x 100%
(D

Final tumor weight of control group

Western Blot Analysis

ESWE-treated whole-cell extracts were lysed in lysis buf-
fer, and lysates were then spun at 12 000g for 10 minutes
to remove insoluble material and resolved on a 10% SDS
gel. After electrophoresis, the proteins were electrotrans-
ferred to a polyvinylidene fluoride membrane, blocked
with 5% nonfat milk to minimize nonspecific binding and
probed with primary antibodies overnight at 4°C. The blot
was washed, exposed to HRP-conjugated secondary anti-
bodies for 2 hours, and CXCR4/HER2 expression was
detected by chemiluminescence emission (ECL, Millipore,
USA).

RNA Extraction and Polymerase Chain Reaction
(PCR) Analysis

Total RNA isolation was performed using the total RNA
extracted kit (Fastagen, China) according to the manufac-
turer’s protocol. Real-time (RT)-PCR was performed using
PrimeScript RT Master Mix Perfect Real Time kit (TaKaRa
DRRO36A, Japan). RT-PCR was performed using SYBR
Premix Ex TaqTM II and a Thermal Cycle Dice Real time
system (TaKaRa, Japan). The result was analyzed using the
manufacturer’s program (Thermal Cycler Dice Real Time
System). The primer sequences were as follows:

GAPDH forward primer: 5'-GCACCGTCAAGGCTGA
GAAC-3'

GAPDH reverse primer: 5'-TGGTGAAGACGCCAGT
GGA-3'

CXCR4 forward primer: 5'-CCTGCCTGGTATTGTCA
TCCTG-3’

CXCR4 reverse primer: 5'-ACTGTGGTCTTGAGGGC
CTTG-3'

Melt curve analysis was performed at the end of each PCR
to confirm the specificity of the PCR product. Threshold
cycle (Ct) values of CXCR4 in each sample were normal-
ized with the GAPDH expression.

Wound Healing Assay

MDA-MB-435s and MDA-MB-231 cells were planted into
6-well plates and allowed to grow to 70% confluency in
complete medium. Cells were then serum starved for 24
hours, and cell monolayers were scratched with a pipette
tip. Wounded monolayers were then washed several times
with serum-free medium to remove floating cells and pho-
tographed in a microscope. Cells were incubated in medium
in the absence or presence of ESWE for 48 hours. After
incubation, the growth medium was then changed to basal
medium with or without SDF-1a. Then, 24 hours later, cell
migration into the wound surface and the average distance
that the cells migrated were determined under an inverted
microscope.

Invasion Assay

Cancer cells were suspended in medium and seeded into
the Millicell chambers with polycarbonate membranes of
8-um pore size coated with 100 pL 1 mg/mL Matrigel
(Becton Dickinson, USA). After preincubation with or
without ESWE for 48 hours, Millicell chambers were
placed into 24-well plates in which was added the basal
medium only or basal medium containing 100 ng/mL SDF-
la. After incubation, the upper surface of Millicell cham-
bers was wiped off with a cotton swab, and invading cells
were fixed with 100% methanol and then stained with
0.2% crystal violet (Beijing Chemical Works, China). The
invading cell numbers were counted in 5 randomly selected
microscope fields (200x%).

Statistical Analysis

All values are expressed as means =+ standard error of the
mean. Statistics was determined with ANOVA. Results
were considered statistically significant if the P value
was <.05.

Results

ESWE Inhibited Proliferation and Colony
Formation of Breast Cancer Cells

To assess the effects of ESWE on breast cancer cell growth,
breast cancer cells MDA-MB-435s and MDA-MB-231
were treated with ESWE at indicated concentrations. MCF-
10A was a normal breast cell line that was used as a com-
parison. Cell inhibition was measured using MTT, an
antiproliferative assay. We observed that ESWE inhibited
MDA-MB-435s and MDA-MB-231 in a concentration-
dependent manner. The 50%-growth inhibitory concentra-
tions (IC, s) of ESWE at 48 hours were 0.564 and 0.724
mg/mL, respectively, whereas it was considerably less
active in MCF-10A cells (IC, | =2.294 mg/mL; Figure 1A).
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Figure |. Eupolyphaga sinensis Walker 70% ethanol extract (ESWE) suppressed breast cancer cell proliferation and colony formation.
A. Effect on proliferation of MDA-MB-435s, MDA-MB-231, and MCF-10A cells by ESWE. Cells were treated with ESWE at a series of
increasing concentrations (0.125, 0.25, 0.50, 0.75, 1.00, 1.50 mg/mL) for 48 hours. ESWE inhibited MDA-MB-435s and MDA-MB-231
cell growth in a dose-dependent manner and was considerably less active on MCF-10A cells. B. Effect on colony formation of MDA-
MB-435s and MDA-MB-231 cells by ESWE. C. Quantification of (B); data are represented as the means * standard error of the mean
from 3 repeated experiments. D. Photograph of the representative tumor in each group.

In addition, the colony formation assay showed that ESWE
generated a significantly lower number of colonies in com-
parison with the control (Figure 1B). These findings indi-
cated that ESWE had potential antitumor properties in
breast carcinoma in vitro.

ESWE Suppressed Tumor Growth in Breast
Tumor Mice Model

To determine the antitumor effect of ESWE in vivo, we
also investigated the ability of ESWE to suppress tumor
growth using a mice model. Figure 1D and Table 1 show
that there was significant reduction of tumor in the mice
treated with ESWE compared with the vehicle control
tumor-bearing mice. After 14 days of treatment, a signifi-
cant inhibition could be observed in the ESWE treatment
groups compared with the control group; final tumor

growth inhibitions were 56.60% for ESWE at a dose of
200 mg/kg and 62.26% at a dose of 400 mg/kg. No body
weight loss or other abnormalities were observed in the
ESWE-treated mice, indicating that there were no toxic
effects in our treatment regimen.

MAPK Signaling Pathway Involved the Inhibitory
Effect of ESWE on Breast Cancer Proliferation

We first determined the effect of ESWE on the MAPK sig-
naling pathway, which constitutes a large modular network
that regulates a variety of physiological processes, such as
cell growth, differentiation, and apoptotic cell death.'
Therefore, we investigated the effect of ESWE on ERK1/2
activity, a key molecule of this pathway. As shown in Figure
2, 48 hours incubation with ESWE reduced phosphorylated
ERK1/2 protein expression in a dose-dependent manner in
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Table 1. In Vivo Inhibitory Effect of ESWE on MDA-MB-231 Cells.”

Treatment Control ESWE

Dose (mg/kg) — 200 400
Initial tumor volume (mm®) 101.22 £ 26.64 105.17 + 32.88 107.12 £ 27.06
Final tumor weight (g) 0.53 + 0.20 0.23+0.18 0.20 + 0.15°
Tumor growth inhibition, g/g (%) — 56.60 62.26
Final body weight (g) 22.15£3.22 21.14 £ 429 2126 £5.11

Abbreviation: ESWE, Eupolyphaga sinensis Walker 70% ethanol extract.
*Values are mean  standard error of the mean.
®p < .01 versus control.
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Figure 2. Eupolyphaga sinensis Walker 70% ethanol extract
(ESWE) suppressed ERK /2 activity in breast cancer cells.
MDA-MB-435s (A) and MDA-MB-231 (B) cells were incubated
with ESWE at different concentrations for 48 hours. Whole-
cell extracts were prepared and analyzed by western blot
analysis with antibodies against p-ERK /2, ERK1/2, and GAPDH
(glyceraldehyde 3-phosphate dehydrogenase). C. Quantification
of (A) and (B). The results shown were representative of 3
independent experiments.®

*P < .05, *P < .0l compared with untreated control cells.

MDA-MB-435s and MDA-MB-231 cells, suggesting that
the MAPK signaling pathway involved the ESWE’s antip-
roliferation effect.

ESWE Suppressed the Expression of CXCR4
Protein in Breast Cancer Cells

Previous microarray analysis of Agilent microarray-based
gene expression profiling indicated that ESWE could down-
regulate CXCR4 expression in hepatocellular carcinoma
SMMC-7721 cells. We hypothesize that ESWE treatment
reduces CXCR4 signaling and, therefore, cell proliferation
and migration. In this study, we first investigated the expres-
sion level of CXCR4 in MDA-MB-231 and MDA-MB-
435s and found that CXCR4 protein expression in the 2
breast cancer cell lines was downregulated by the ESWE in
a dose-dependent manner at the concentrations used in the
experiments (Figure 3).

ESWE Affected CXCR4 Expression Through the
Modulation of Autocrine VEGF 165

VEGF produced by breast carcinoma cells is critical for their
invasion because CXCR4 has been reported to mediate migra-
tion of breast carcinoma cells toward SDF-1a, and this migra-
tion is dependent on autocrine VEGF." We also examined
whether ESWE affected CXCR4 expression through the mod-
ulation of autocrine VEGF in breast cancer cells. MDA-MB-
435s and MDA-MB-231 cells were incubated with different
concentrations of ESWE for 48 hours and then examined for
VEGF ¢ expression by western blot analysis using specific
antibodies. We found that VEGF ¢, expression was partially
affected after ESWE treatment (Figure 4), thus suggesting
that downregulation of CXCR4 expression by ESWE might
partially be a result of modulation of autocrine VEGF 65"

Downregulation of CXCR4 by ESWE Was
Partially Mediated Through Its Degradation

Because ESWE could downregulate CXCR4 expression, we
examined the ability of chloroquine, a lysosomal inhibitor, to
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Figure 3. Eupolyphaga sinensis Walker 70% ethanol extract
(ESWE) downregulated CXCR4 in breast cancer cells: MDA-
MB-435s (A) and MDA-MB-231 (B) cells were incubated with
ESWVE at different concentrations for 48 hours. Whole-cell
extracts were prepared and analyzed by western blot analysis
with antibodies against CXCR4. The same blots were stripped
and reprobed with GAPDH antibody to show equal protein
loading. C. Quantification of (A) and (B). The results shown are
representative of 3 independent experiments.”

P < .05, ¥P < .01 compared with untreated control cells.

block ESWE-induced degradation of CXCR4 because CXCR4
has been shown to undergo ligand-dependent lysosomal
degradation.” The cells were pretreated with chloroquine for 1
hour before exposure to ESWE. Our results showed that chloro-
quine had no effect on ESWE-induced degradation of CXCR4
(Figure 5A), suggesting that this is an unlikely basis for the
suppression of ESWE on CXCR4 expression.

CXCR4 has also been shown to undergo ubiquitination
at its lysine residue followed by degradation.”**' We next
investigated whether ESWE induces downregulation of
CXCR4 through proteasomal degradation. To determine
this, we examined the ability of MG132, a proteasome
inhibitor, to block ESWE-induced degradation of CXCR4.
MDA-MB-231 and MDA-MB-435s cells were pretreated
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Figure 4. Effect of ESWE on VEGF expression in breast
tumor cells: MDA-MB-435s (A) and MDA-MB-231 (B) cells
were treated with the indicated concentrations of ESWE

for 48 hours, after which western blotting for VEGFI(’5 was
done as described above. The same blots were stripped

and reprobed with GAPDH antibody to show equal protein
loading. C. Quantification of (A) and (B). The results shown are
representative of 3 independent experiments.?

Abbreviation: ESWE, Eupolyphaga sinensis Walker 70% ethanol extract;
VEGF, vascular endothelial growth factor.

*P < .05, **P < .0] compared with untreated control cells.

with MG132 for 1 hour before being exposed to ESWE. As
shown in Figure 5B, MG132 only slightly prevented
ESWE-induced degradation of CXCR4, suggesting that this
was arguably not the primary pathway for suppression of
expression of CXCR4.

ESWE Downregulated CXCR4 mRNA
Expression in Breast Cancer Cells
Because downregulation of CXCR4 expression by ESWE

was not completely caused by enhancement of degrada-
tion, we investigated whether suppression occurred at the



108 Integrative Cancer Therapies 15(1)

A - - 4+ + + + ESWE(0.15mg/mL) - - + + + + ESWE(0.15 mg/mL)
- 200 - 50 100200 Chloroquine (pM) - 40 - 10 20 40 MG132 (M)

oxcra [ mm—" | oxcRs |WE -
il . |
SAPDH [ — caron [ ]

B

- -+ + + + ESWE(0.20 mg/mL) - - + + + + ESWE(0.20 mg/mL)
- 200 - 50 100 200 Chloroquine (uM) - 40 - 10 20 40 MG132 (uM)

L _

1.2 3 MDA-MB-435s BB MDA-MB-231
@ 1.04
o
E 0.8
O 0.6
i)
L?- 0.4"
0.2
0.0' T T T T 'T‘ T T
- -+ + + + - - + 4+ + + - - 4+ + 4+ + - - + + + + ESWE
- 200 - 50100200 - 200 - 50 100200 - 40 - 10 20 40 - 40 - 10 20 40 Chloroquine/MG132

Figure 5. Eupolyphaga sinensis VWalker 70% ethanol extract (ESWE) suppressed CXCR4 partial by proteasomal degradation: MDA-
MB-435s (A) and MDA-MB-231 (B) cells were treated with indicated concentrations of chloroquine or MG132 for | hour, followed by
treatment with ESWE for 48 hours. Whole-cell extracts were prepared and analyzed by western blot analysis using antibodies against
CXCR4. The same blots were stripped and reprobed with GAPDH antibody to show equal protein loading. C. Quantification of (A)
and (B). The results shown are representative of 3 independent experiments.
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Figure 6. Eupolyphaga sinensis Walker 70% ethanol extract (ESWE) suppressed CXCR4 mRNA level in breast tumor cells. MDA-
MB-435s (A) and MDA-MB-231 (B) cells were treated with ESWE for the indicated concentrations for 48 hours, and then, real-time
polymerase chain reaction was performed to measure the relative quantities of CXCR4 mRNA, with GAPDH as endogenous control
for measurement of equal loading of RNA samples. The results shown are representative of 3 independent experiments.”

*P < .05, *P < .0] compared with untreated control cells.

transcriptional level using quantitative PCR (RT-PCR). CXCRA4. As shown in Figure 6, ESWE induced downregu-
Cells were treated with ESWE at different concentrations lation of CXCR4 mRNA expression in a concentration-
and then examined for steady-state mRNA level of  dependent manner.
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Figure 7. ESWE inhibited migration and invasion of breast tumor cells: (A) and (B), Photographs of wounds of cells treated with
ESWE. Wound-healing assay was performed for evaluating the inhibitory effect of ESWE on MDA-MB-435s (A) and MDA-MB-231

(B) cell migration. Confluent monolayers of cells were scarred and pretreated with ESWE for 48 hours before being exposed to 100
ng/mL SDF-1a for 24 hours. The average distance that the cells migrated into the wound surface was determined under an inverted
microscope. The representative photographs show the same area at time 0 and after 48 hours of incubation. (C) and (D), Photographs
of the cell invasion through the Matrigel-coated polycarbonate membrane stained by 0.2% crystal violet. MDA-MB-435s (C) and MDA-
MB-231 (D) cells were seeded in the top chamber of the Matrigel. After pretreatment with or without ESWE for 48 hours, Millicell
chambers were incubated with either the basal medium only or basal medium containing 100 ng/mL SDF-1a for 24 hours. After
incubation, they were assessed for cell invasion as described in the Materials and Methods section. The representative photographs
show the cell migration through the polycarbonate membrane stained by 0.2 % crystal violet.

Abbreviation: ESWE, Eupolyphaga sinensis Walker 70% ethanol extract; SDF, stromal cell-derived factor.

using an in vitro invasion assay that treatment with ESWE
suppressed SDF-1a-induced invasion of both MDA-MB-231
and MDA-MB-435s cells (Figures 7C and 7D).

ESWE Inhibited SDF- 1 a-Induced Breast Cancer
Cell Invasion

The expression of CXCR4/SDF-1a in breast tumors has
been correlated with a poor prognosis, with increased

. ESWE Downregulated MMP2 and MMP9
metastasis.” We found that both MDA-MB-231 and MDA-

MB-435s cells migrated faster under the influence of SDF-
la, and this effect was abolished on treatment with ESWE
(Figures 7A and 7B). To elucidate further the effect of
ESWE on SDF-lo-induced cell invasion, we also found

Protein Expression in Breast Cancer Cells

Besides CXCR4, MMP2 and MMP?9 play a key role in can-
cer cell invasion and metastasis. The potential effects of
ESWE pretreatment on MMP2 and MMP9 expression were
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Figure 8. Effect of ESWE on expression of MMP-2 and MMP-
9 in breast tumor cells: (A) and (B), western blot analysis of
MMP-2 and MMP-9 protein expression in MDA-MB-435s cells
(A) and MDA-MB-231 cells (B) after treatment with ESWE at
indicated concentrations for 48 hours. C. Quantification of (A)
and (B). The results shown are representative of 3 independent
experiments. Data are expressed as mean * standard error of
the mean.®

Abbreviations: ESWE, Eupolyphaga sinensis Walker 70% ethanol extract;
MMP, matrix metalloproteinase.

P < .05, ¥**P < .01 compared with untreated control cells.

determined by western blot analysis. As shown in Figure 8,
ESWE exerted an inhibitive effect on the expression of
MMP2 and MMP?9 in the 2 breast cancer cell types.

Discussion

ESW is a well-known edible and medicinal insect in China,
which is used indigenously as traditional medicine in the
treatment of bone injury, blood stasis, and immune-related
diseases. Modern pharmacological studies indicate that
ESWE shows obvious pharmacological activities and that it
can inhibit growth of various tumors.”> Although the anti-
tumor activity of ESW has been reported in some studies,
few are related to the effect on breast cancer, and its antitu-
mor mechanism is largely unknown. The current study
focuses on its inhibition of breast cancer growth and inva-
sion. In this study, we showed that ESWE had a significant
inhibitory effect on breast cancer growth in vitro and in vivo.
In cell experiments, ESWE obviously suppressed breast
cancer cell proliferation and colony formation but was con-
siderably less active in normal breast cells. In the mouse

models, ESWE significantly inhibited primary tumor growth
in nude mice xenograft models involving inoculation of
MDA-MB-231 tumor cells into fat pads. The molecular
mechanism by which ESWE affects cell proliferation and
invasion involved the regulation of MAPK signaling as well
as metastasis-related protein CXCR4, MMP2, and MMP9.

MAPK signaling plays a critical role in cell proliferation
by regulating cell growth. Blockade of its key molecule is
an effective method of controlling tumor cell proliferation.
Western blot assay showed that the levels of phosphorylated
ERK1/2 protein gradually increased with ESWE at the con-
centrations we tested. It provided an antiproliferative
advantage for ESWE to breast cancer cells associated with
this signaling pathway, for survival.

In previous studies, we found that ESWE also could
inhibit CXCR4 using genome-wide microarray analysis.'*
Here we determined whether it could suppress the expression
and function of CXCR4, a chemokine receptor that has been
closely linked with tumor cell proliferation, invasion, and
metastasis in breast cancer. The CXCR4 chemokine receptor
has been found to be overexpressed in breast cancer, and the
involvement of CXCR4 in regulating breast cancer metasta-
sis has been well established. Increased chemokine signaling
through upregulated receptors on tumor cells is a hallmark
for late-stage cancer patients.”* Studies point to genetic and
microenvironmental factors, although it is still unclear what
leads to the overexpression of CXCR4 in tumor cells.”

Our results clearly indicate that ESWE also suppressed
CXCR4 expression in breast cancer cells, which was proved
in our study using western blot analysis. Thereafter, we
decided to investigate the various possible mechanisms by
which ESWE could cause downregulation of CXCR4
expression in breast cancer cells.

VEGF, a major angiogenic factor, is also a requisite
autocrine factor for breast carcinoma invasion in vitro.
Previous findings indicate that a VEGF autocrine pathway
induces CXCR4 expression in breast carcinoma cells, thus
promoting their directed migration toward specific
chemokines.'” Here, we found that ESWE modulated
VEGF expression in breast cancer cells, suggesting that it
might affect CXCR4 expression by affecting VEGF auto-
crine. We will further investigate the relevance of VEGF
to ESWE on modulation of CXCR4 in subsequent work.

Many studies have documented the ligand-dependent
downregulation of CXCR4 expression by lysosomal deg-
radation, which involves atrophin-interacting protein
4-mediated ubiquitination and degradation.?® Our results,
however, suggest that downregulation of CXCR4 by
ESWE was not induced entirely through proteasomal deg-
radation, therefore, we analyzed whether the inhibition of
CXCR4 could possibly occur at the transcriptional level.
Indeed, we found that ESWE downregulated the expres-
sion of CXCR4 mRNA in breast cells as observed by
quantitative PCR analysis.
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We hypothesized that ESWE treatment reduced CXCR4
signaling and, therefore, cell proliferation, migration, and
invasion. Binding of SDF-1a to CXCR4 activates a variety
of intracellular signal transduction pathways that regulate
cell survival, migration, and adhesion. We further investi-
gated the effect of ESWE on SDF-la-induced migration
and invasion of breast cancer cells. Inhibition of CXCR4
expression by ESWE significantly impaired SDF-la-
induced migration and invasion of both MDA-MB-435s
and MDA-MB-231cells in a Matrigel invasion assay. This
showed the critical role of the CXCR4 receptor in treatment
with ESWE in downregulating SDF-1a-induced migration
and invasion of breast cancer cells.

The expression and activity of MMPs against matrix
macromolecules have been linked to the development of
malignant phenotypes and the promotion of cell invasive-
ness and metastasis.’'* The anti-invasive action of ESWE
was reflected by its suppressive effects on the expression of
MMP2 and MMP9, 2 major MMPs mediating the degrada-
tion of the ECM. In our study, ESWE treatment could
reduce the protein expression of MMP2 and MMP9. These
results suggest that the anti-invasive action of ESWE was
also mediated, at least in part, by diminishing the ability of
breast cancer cells to degrade the components of ECM by
modulating MMP2 and MMP9 expression.

Conclusion

Taken together, our data showed that ESWE was able to
significantly inhibit breast cancer growth, migration, and
invasion. The mechanism underlying the above effects was
attributed to attenuation of the activity of ERK1/2 and
downregulation of the expression of CXCR4, MMP2, and
MMP9.
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