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Abstract
Introduction: Angelica dahurica extract (ADE) has been demonstrated to
possess functions of immune response modulation, breast injury and fibrosis amelioration, breast regeneration regulation, and suppression of breast
cancer.
Material and methods: To explore the effect of the ADE on breast cancer
generation and epithelial-mesenchymal transition (EMT) in vivo, a breast
cancer mouse model was established. Chinese traditional medicine ADE was
administered to mice bearing breast cancer, which were randomly divided into a negative group, ADE group (two doses), and model group. The
breast tissue of the mouse model was fixed and H&E staining was performed for subsequent histological observation. Immunofluorescence assay
and immunohistochemical staining were performed to examine the breast
cancer related proteins, SNCG and BCRP in breast tissue; Western blotting
and quantitative real-time polymerase chain reaction (PCR) were performed
to detect proteins and gene expression of epithelial-mesenchymal transition (EMT)-related markers, E-cadherin, N-cadherin, vimentin, transforming
growth factor β (TGF-β), and SNAIL, as well as signals in the MAPK and JAK/
STAT signaling pathways.
Results: Pathological manifestation of breast tissues in ADE-treated mouse
was clearly reduced in both visual inspection and H&E staining. Breast cancer specific SNCG and BCRP expression significantly decreased after ADE
administration. Furthermore, increased E-cadherin and decreased N-cadherin, vimentin, SNAIL and TGF-β expression might be associated with the antiEMT property of ADE. Both MAPK and JAK/STAT signaling pathways were
observed to be inactivated after ADE treatment.
Conclusions: Collectively, the evidence showed that ADE restrained breast
cancer development in vivo through blocking the EMT process, probably by
down-regulation of MAPK and JAK/STAT signaling pathways.
Key words: Angelica dahurica extract, breast cancer, EMT, mouse model.

Introduction
Breast cancer has been widely reported as the second cause of deaths
in women worldwide [1–3], while metastasis of tumor cells is the major
cause of breast cancer related deaths [2, 4, 5]. Most of the breast cancer
patients died of metastasis, rather than the primary tumors, and the
5-year survival rate is a mere 23% for the women diagnosed with distant
metastatic disease [3, 6]. However, its pathogenesis is still unclear and
there is a lack of effective therapy.
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Epithelial-mesenchymal transition (EMT) is a recent hotspot in carcinoma metastasis research.
In the beginning, EMT is widely considered to be
a critical developmental program that transfers
epithelial cells to mesenchymal cells, mobilizing
cells and giving rise to bone, muscle, blood vessels, and connective tissue [7]. Increasing research
has shown that the EMT program is implicated in
cancer progression and metastasis including carcinogenesis, increased mobility, invasion, and angiogenesis in various solid tumor types [8]. The
changes during EMT processes promote a shift in
cytoskeletal dynamics and epithelial to mesenchymal morphology alteration [9]. In addition, several
oncogenic transduction pathways that are responsible for extracellular signals have been shown to
contribute to EMT, such as JAK/STAT, transforming
growth factor β (TGF-β), Wnt/β-catenin, Notch,
EGFR and MAPK signaling pathways [10]. These
pathways have activated transcription factors including E-cadherin, N-cadherin, vimentin, SNAIL,
and TGF-β, to generate many intermediate characteristics from epithelial to mesenchymal cells [11].
Recently, Chinese traditional medicine (CTM)
and natural compounds (derivative) obtained
from a variety of herbs have become popular as alternative and complementary therapies [12]. CTM
provides alternative anti-neoplastic, anti-inflammatory, and anti-microbial therapies [13]. Angelica
dahurica extract (ADE) possesses anti-neoplastic
activity in different kinds of cancer [14–17]. In the
present study, ADE was applied in a breast tumor
mouse model to investigate its anti-tumor effects
in vitro.
Several reports have indicated that EMT was
involved in tumor initiation and metastasis in vivo
[18–22], and differentiated into malignant cells in
vitro [23–26]. In addition, EMT is one of the essential mechanisms of breast tumorigenesis [27,
28]. Therefore, in the present study, we focused
on the period of cancer cell metastasis and EMT
in the established breast cancer mouse model,
and observed the therapeutic effect of CTM ADE
on breast tumorigenesis, metastasis, and the EMT
process, and eventually attempted to reveal the
mechanism of breast carcinoma generation.

Material and methods
Experimental animal and cells
Forty 5–6-week female SPF BALB/c nude mice
were provided by the Animal Centre of Shandong
University Centers for Disease Control. MDAMB-231 cells were purchased from the Chinese
Academy of Medical Sciences (Beijing, China). The
cells were cultured with DMEM culture medium
(GIBCO-BRL, Grand Island, NY), with 10% FBS (GIBCO-BRL) as a supplement under 5% CO2 at 37°C.
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Reagents and antibodies
TRIzol reagent was purchased from Invitrogen;
ReverTra Ace qPCR RT Kit and Thunderbird SYBR
qPCR Mix were obtained from Toyobo; SABC Immunohistochemistry Kit was from Wuhan Boshide
Biotech; Rabbit/mouse anti-human BCRP, SNCG,
E-cadherin, N-cadherin, vimentin, SNAIL, and
TGF-β1 antibody, and rabbit/mouse anti-human
MEK1, ERK1, VEGF, JAK2, STAT3, and STAT5 antibody were purchased from Abcam.

Preparation of ADE
Angelica dahurica powder (Sichuan, China) used
was purchased from TongRenTang Biopharm Co.,
Ltd. Beijing City. Angelica dahurica powder (50 g)
was boiled in 500 ml of 70% ethanol for 1.5 h and
the residue was boiled likewise again. The ethanol extract of Angelica dahurica Radix was collected and centrifuged at 12,000 × g for 15 min at
18°C. The supernatant was condensed to 45 ml
in a rotary evaporator system (R-210, BUCHI,
Switzerland) at 120 mbar pressure at 60°C. The
condensed solution was partitioned with 50 ml of
ethyl acetate twice to yield the ethyl acetate ADE.
The extract was dried by lyophilization overnight.
The extract of ADE was stored at –20°C prior to
use.
Then, HPLC analysis of the ADE fraction was
conducted according to a previous method [29].
The mixed standard solution for imperatorin and
isoimperatorin (Sigma-Aldrich Inc., St. Louis, MO,
USA) was prepared at a concentration of 0.1 mg/
ml (Acetonitrile: DMSO = 1 : 1, v/v). Likewise,
5 mg of extract was prepared at the same concentration. The standard solution and the extract
were purified by 0.22 μm polypropylene filter
and injected into an HP1100 series HPLC system
equipped with a diode-array detector at 254 nm
with an analytical HPLC column (ALLTIMA C18,
5 μm, 250 × 4.6 mm i.d.). The flow rate of the elution profile was set at 0.75 ml/min. The gradient
mobile phase was composed of solvent A (0.1%
trifluoroacetic acid) and solvent B (acetonitrile).
The gradient for separation was programmed as
follows: 0 min, 2% B; 10 min, 5% B; 15 min, 20%
B; 35 min, 40% B; 40 min, 60% B; 70 min, 70%
B; 80 min, 95% B; 90 min, 100% B and held for
an additional 5 min. Calibration curves were peak
area versus concentration for each standard solution. Quantification was performed upon six levels
of external standards. The limit of quantification
(LOQ) was determined as the concentration with
a signal-to-noise ratio of ten.

Establishment of breast cancer mouse model
To assess the effect and mechanism of ADE on
breast tumorigenesis and development in vivo, a xe-
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nograft mouse model with breast cancer was established [30]. Human breast cancer MDA-MB-231 cells
(2 × 105 per mouse) were subcutaneously injected
into nude mice. After cell inoculation, the mice were
randomly divided into three groups (n = 6): ADE
(250 and 25 mg/kg/week) treatment groups (high
dose ADE (hADE) and low dose ADE (lADE)), and
a normal saline (NS) treatment group (model). The
non-inoculation group was set as a negative control
group (NC). Four weeks after tumor cell injection,
25 or 250 mg/kg ADE was administered by gavage
on a regimen for 15 days post-injection for the lowand high-dose group. NS was given in the model
group. To detect the tumorigenesis and metastasis,
the mice were sacrificed 8 weeks after inoculation.
For tumorigenesis observation, tumor growth was
assessed by measuring the length and width of tumors with electronic calipers every 3–4 days continuously. Volumes were calculated using the formula:
(length) × (width) 2/2. For metastasis observation,
their lungs were collected and sectioned with hematoxylin and eosin (H&E) staining.

Animal ethics statement
Female BALB/c mice were purchased from Vital River Laboratories (Beijing, China) to establish
a breast orthotopic xenograft tumor model. All animal studies were strictly conducted in accordance
with the requirements of the animal experimental
protocol, which was approved by the Animal Ethics Committees of Shandong University.

H&E staining and immunohistochemical
(IHC) staining
H&E staining was done using 5-μm-thick formalin-fixed, paraffin-embedded tissue sections.
Tumor specimens from lung metastatic nodules
of mice were fixed in 4% paraformaldehyde and
then embedded in paraffin. Paraffin blocks were
cut into 5-mm-thick sections. After washing with
ethyl alcohol, the sections were dyed with hematoxylin solution for 3 min, followed by incubation
with eosin solution staining for 3 min. The specimens were observed using a Zeiss Axioscope light
microscope (× 200, Zeiss). The randomly selected
slides in each group were magnified 400-fold, and
a semi-quantitative scoring method was used to
evaluate the pathological degree of liver cancer.
Edmondson-Steiner grading and scoring on positive cells was used to analyze the average pathological degree of mouse breast in different groups.
The expression of SNCG and BCRP was evaluated with IHC staining of 4-µm-thick sections from
the tissue blocks. The sections were first deparaffinized in xylene and then rehydrated through
graded ethanol washes. For antigen retrieval, we
performed autoclave heating of the sections at

100°C for 30 min in a sodium citrate buffer (pH
6.0). Endogenous peroxidase activity was blocked
with peroxidase blocking solution (S2023; DakoCytomation, Carpinteria, USA). Slides were incubated with primary antibodies at 4°C overnight
and incubated with labeled polymer (DAKO REAL
EnVision/HRP, K5007; DakoCytomation) for 30 min
at room temperature. The primary antibodies
were rabbit anti-mouse SNCG (ab55424, Abcam)
and rabbit anti-mouse BCRP (106937-T08, Sino
Biological) polyclonal antibodies used at a 1 : 1000
dilution. 3,3’-Diaminobenzidine was used as
a chromogen for detection, and Mayer’s hematoxylin counterstain was applied.

Matrigel invasion assay
Matrigel (Thermo) was used to coat the upper
segment of the Transwell chamber with polycarbonate membrane (Millipore) of 10 mm diameter and 8 μm pore size overnight. MDA-MB-231
cells were starved for 12 h and loaded onto the
upper segment (5 × 105/well) alone or in combination with varying concentrations of ADE (50 nM,
100 nM or 200 nM). The lower chambers were
supplemented with RPMI-1640 medium (Thermo) with additional 1% FBS. Following incubation
for 12 h, 5% polytetrafluoroethylene (PFA) and
crystal violet were used to fix and stain the cells
migrating into the lower chambers. Results were
assessed with fluorescent microscopy. The experiments were performed in triplicate.

Immunofluorescence assays
Immunofluorescence assays (IFAs) were performed with a Leica SP8 confocal laser scanning
microscope used for the IFA observation. PBST
(PBS containing 1% Triton X-100) and 5% paraformaldehyde was used to rinse and fix the breast
cancer cells on the coverslips. Coverslips were
then incubated with anti-SNCG and BCRP antibodies in 5% bovine serum albumin (BSA in PBST).
Secondary antibodies conjugated with FITC and
rhodamine were used to incubate with cells. The
cellular nucleus was stained with DAPI.

Western blotting (WB)
Breast cancer tissue was lysed using RIPA lysis
buffer (Sijiqing, Hangzhou, China). After incubation
for 60 min at 4°C, cell debris was removed by high
speed centrifugation for 20 min. 50 µg of each
sample were separated by SDS-PAGE (10%) and
transferred to PVDF membranes. The membranes
were incubated with anti-E-cadherin antibody
(1 : 500, ab76055, Abcam), anti-N-cadherin antibody (1 : 500, ab76057, Abcam), anti-Vimentin
antibody (1 : 1000, ab8979, Abcam), anti-SNAIL
antibody (1 : 500, ab53519, Abcam), anti-TGF-β1
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antibody (1 : 1000, ab92486, Abcam), and anti-β-actin antibody (1 : 5000, ab8227, Abcam), followed by an HRP-conjugated anti-rabbit IgG secondary antibody (no.: BA1055, 1 : 2,500; Boster).
The samples were visualized by ECL chemiluminescence. β-actin was used as an endogenous control.

Quantitative real-time PCR (qRT-PCR)
Total whole cell RNA of breast cancer cells was
extracted using 1 ml of TRIzol. Random hexamers
was used to reverse-transcribe the RNA (10 μg)
from each group by PCR. The specific primers and
GAPDH primers used are as follows: E-cadherin,
F: GGG TTG TCT CAG CCA ATG TT, R: CAC CAA CAC
ACC CAG CAT AG; Vimentin, F: AGA TCG ATG TGG
ACG TTT CC, R: CAC CTG TCT CCG GTA TTC GT; Raf,
F: AGC AAT GGT TTC GGA CTC AA, R: GCT TTC ATA
AGG CAG TCG TG; MEK1, F: GTC CTA CAT GTC GCC
TGA GA, R: GAG GTC GGC TAT CCA TTC CA; ERK1,
F: GGC TTT CTG ACC GAG TAT GTG, R: TTT AGG TCC
TCT TGG GAT GG; JAK2, F: CCC TGG CTG TCT ATA
ACT CC, R: TCT GTA CCT TAT CCG CTT CC; STAT3 F:
TCA CTT GGG TGG AAA AGG AC, R: TGG GAA TGT
CAG GGT AGA GG; GAPDH F: TGT TGC CAT CAA
CGA CCC CTT, R: CTC CAC GAC ATA CTC AGC A.
A control reaction was performed with no reverse transcriptase addition. ABI 7300 was used
to analyze the relative specific gene expression,
performed using PCR primers. qPCR was carried
out using SYBR green. The cycling conditions comprised an initial denaturation step of 30 s at 95°C,
followed by 40 two-step cycles (95°C for 1–15 s
and 62°C for 5–30 s). Dissociation curve analysis
was performed after each assay to ensure specific
target detection.

Colony generation assay
Cells were resuspended 2 days following transfection in DMEM supplemented with 10% FBS and
8 mm 0.4% top agar prior to being transferred to
12-well plates containing 0.5 ml 0.5% bottom agar.
After 14 days, three regions were chosen randomly in each plate and colonies were quantified.

Statistical analysis
For all data SPSS 19.0 software was used for
statistical analysis. The results are presented as
mean ± SD (mean ± standard deviation). Multiple
groups were compared using ANOVA analysis and
a p value < 0.05 was considered statistically significant.

Results
Visual inspection of breast cancer
According to the previous investigation by the
Gilles group [31], MDA-MB-231 is a well-laborato-
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ry adopted EMT-inducible model. To study whether ADE regulates the tumorigenesis, metastasis,
and EMT process, an orthotopic xenograft mouse
model was established by inoculating MDAMB-231 cells in the mammary fat pad of BALB/c
nude mice. It was found that compared with the
NC group, the breast tissue in the model group
showed an irregular shape with different sizes on
the surface or section. Various degrees of bleeding
and necrosis were observed. These pathological
manifestations were found to be reduced significantly after hADE treatment, whereas lADE treatment did not display a difference from the model
group. Breast morphology in the NC group and
hADE group showed a smooth surface, clear-cut
margin, and soft texture. We observed that high
dose use of ADE significantly relieved the body
weight increment caused by breast tumor proliferation (Figure 1 A). Furthermore, the tumor weight
data showed that ADE treatment markedly reduced the tumor weight and tumor volume, compared with the model group (Figures 1 B and C).

Effect of ADE on the pathologic degree
of breast cancer
To reveal the effect of ADE on pathologic degree
of breast cancer, H&E staining was performed in
the mouse breast. It was found that tumor cells
grew exuberantly in a higher density and disorganized manner in the model group and lADE group
(Figure 2). These pathological manifestations were
alleviated after being treated with hADE. The tissue in the NC group showed normal and arranged
breast cell structure.

Effect of ADE on breast tumor-relative
protein expression
Immunohistochemical staining was performed
to detect the tumor-related protein, breast cancer
cell specific marker SNCG (synuclein-γ) and BCRP
(breast cancer relative protein) expression in each
group. The SNCG and BCRP protein expression
in the hADE group (0.2423 ±0.0144 and 0.4787
±0.0228, respectively) and these values in the
lADE group (0.2514 ±0.0203 and 0.4790 ±0.0274,
respectively) were statistically significantly decreased comparing with these values in the model
group (0.3276 ±0.0210 and 0.5887 ±0.0361, respectively) (p < 0.05). Additionally, the expression
pattern between the ADE group and NC group did
not show a significant difference (p > 0.05) (Figure
3 A). IFAs were performed to detect the co-expression of SNCG, BCRP, CD34, and CD45 in breast tissue cells in each group. Red fluorescence coupled
with SNCG and BCRP expression while green fluorescence coupled with CD34 and CD45 expression. Yellow/orange fluorescence, representing the

Arch Med Sci

The effect of Angelica dahurica extract on breast carcinogenesis in mouse

A

B

1500

Tumor weight (mg)

Mouse weight (g)

25

20

15

1000

500

0
0

7
Model

14

21
28
35
42
Days post-inoculation
lADE
hADE

49

56
NC

0

7

14

21
28
35
42
49
Days post-inoculation
Model
lADE
hADE

56

C
Model

lADE

hADE

Figure 1. Effect of ADE on tumor growth in vivo. A – Animal weights were quantified once every one week for both
Model and ADE treated animals. B – Tumor weight was quantified once every one week. C – Tumor images for
Model, hADE, and lADE groups
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Figure 2. Effect of ADE on pathological development of tumor examined by IH assay
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co-locational expression of two detected proteins,
was clearly observed in the views. We also found
that these proteins (SNCG/CD34 and BCRP/CD45,)
majorly located around the cellular membrane or
in the cytoplasm (Figure 3 B). The confocal fluorescence density of double positively-expressed cells
in the hADE group (0.5188 ±0.0114 and 0.6377
±0.0163, respectively), not the lADE group (0.8113
±0.0523 and 0.7377 ±0.1023, respectively), was
statistically reduced compared with the model
group (p < 0.05). Meanwhile, all these confocal
fluorescence values did not show a significant dif-

A

SNCG

BCRP

ference between the hADE group and NC group
(p > 0.05). WB detection was also performed to
determine the expression of SNCG and BCRP. It
was found that SNCG and BCRP could be detected in the model group, while the administration
of ADE clearly decreased the expression of both
proteins in a dose-dependent manner (Figure 3 C).

Effect of ADE on metastasis
and proliferation of breast tumor cells
Both proliferation and metastasis are essential
properties that display the transitional ability of

B
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BCRP

Model

lADE

hADE

NC

C
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lADE

hADE

NC

SNCG

BCRP

Figure 3. SNCG and BCRP expression in breast tumor. A – Detection of SNCG and BCRP protein for
breast tumorigenesis. B – IFA showed the expression of SNCG and BCRP protein in breast tumor
cells, and ADE treatment inhibited their expression.
C – WB detection showed that SNCG and BCRP protein expression was inhibited by ADE treatment

β-actin
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cancer cells. Colony formation assay was carried
out to detect the effect of ADE on the proliferation
rate of MDA-MB-231 cells. We found that administration of ADE resulted in a noticeable increase in
colony numbers of MDA-MB-231 cells (Figure 4 A).

A

Invasive cells (% of control)

B

Model

The Transwell migration method in vitro was performed to evaluate the effect of ADE on metastasis capacity of MDA-MB-231 cells. The results
indicated that ADE decreased the metastasis of
MDA-MB-231 cells in a dose-dependent pattern.

lADE

hADE

lADE

hADE

120
100
80
60
40
20
0
Model

C

D

lADE

hADE

Model

600

Figure 4. ADE inhibited migration of breast cancer
cells. A – Soft agar colony formation assay of the
MDA-MB-231 cells with or without treatment of
ADE. B – MDA-MB-231 cells were pretreated with
0, 25, and 250 μM ADE and were then seeded in
the upper wells. After 24 hours, cells on the bottom
side of the filter were fixed, stained, and counted.
C, D – Colony formation assay was carried out to
detect the cell growth of MDA-MB-231 cells after
ADE treatment. Values represent the mean ± SD of
three independent experiments performed in triplicate

Colony number

500
400
300
200
100
0
Model

lADE

hADE

* p < 0.05, **p < 0.01 compared with control group.
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Cell counting quantification analysis revealed that
the invasive efficiency of MDA-MB-231 cells was
inhibited by 21.04% and 78.59% while cells were
administered with 250 and 25 mg/l ADE at 24 h,
respectively (Figure 4 B). Furthermore, colony formation assay was also performed to detect the
cell growth after ADE administration. The number
of generated colonies in ADE treatment groups
was significantly lower than in non-treated groups
(Figures 4 C and D).

increased while vimentin decreased in the ADE
groups (Figure 5 B).

Effect of ADE on MAPK and JAK/STAT
signaling pathways

A

B

Effect of ADE on EMT process

NC

E-cadherin

N-cadherin

Vimentin

hADE

lADE

Model

Relative mRNA expression

The epithelial-mesenchymal transition (EMT)
plays an essential role in tumor invasion and metastasis. WB and qRT-PCR were performed to reveal the effect of ADE on the EMT process, through
examining the protein and gene expression level
of the epithelial marker E-cadherin, mesenchymal
marker N-cadherin, vimentin, SNAIL, and additional immuno-suppressor TGF-β1.
E-cadherin protein expression pattern in the
hADE group (0.72 ±0.04) and lADE (0.42 ±0.07)
were obviously up-regulated compared with the
model group (0.35 ±0.03) (p < 0.05). In contrast,
N-cadherin, vimentin, SNAIL, and TGF-β1 protein
expression levels in the hADE group (0.12 ±0.08,
0.59 ±0.07, 0.11 ±0.08, and 0.32 ±0.05) were
significantly lower compared with those in the
model group (1.00 ±0.00) (p < 0.05) (Figure 5 A).
Except for vimentin, all bands of lADE caused less
reduction than Hade treatment. In the aspect of
mRNA expression, we found that E-cadherin,
N-cadherin, SNAIL, and vimentin mRNA expression levels in the ADE groups displayed a significant difference from those in the model group
(p < 0.05) whereas TGF-β1 did not. E-cadherin

Irregular activation of MAPK and JAK/STAT
transduction pathways was closely related to tumorigenesis, the malignant progress and migration; therefore, we performed WB and qRT-PCR
to examine protein and gene expression of Raf-1,
Mek1, Erk1, and VEGF in the MAPK pathway and
JAK2, STAT3, and STAT5 in the JAK/STAT pathway.
Regarding the JAK/STAT pathway, WB data
showed that JAK2, STAT3, and STAT5, as well as
phosphorylation of STAT3 and STAT5, were significantly down-regulated after hADE and lADE treatment, while these proteins in the model group
were up-regulated (Figure 6 A). The qRT-PCR data
also showed that JAK2, STAT3, and STAT5 mRNA
expression in hADE (1.95 ±0.05, 1.85 ±0.03, and
2.15 ±0.09, respectively) and lADE (2.25 ±0.04,
1.92 ±0.02, and 3.85 ±0.10, respectively) groups
was significantly lower than in the model group
(5.20 ±0.04, 3.27 ±0.09, and 5.78 ±0.04, respectively) (p < 0.05) (Figure 6 B).
The WB bands showed that the protein expression levels of Raf-1, Mek1, Erk1, and VEGF in the
model group were significantly activated compared with the NC group (0.40 ±0.05, 0.70 ±0.03,
0.55 ±0.11, and 0.59 ±0.05); the difference between them was statistically significant (p < 0.05).
The protein expression levels of Raf-1, Mek1, and
Erk1, not VEGF, in hADE group were significantly
lower than those in the model group (p < 0.05).
The others showed no statistically significant
difference (Figure 6 C). The qRT-PCR data, being

5
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hADE
lADE

SNAIL
TGF-b1
Model

SNAIL

TGF-b1

β-actin
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Figure 5. E-cadherin, N-cadherin, vimentin, SNAIL,
and TGF-β1 expression correlates with breast cancer cells. A – WB analysis of E-cadherin, N-cadherin, vimentin, SNAIL, and TGF-β1 protein levels in
breast cancer cells. B – qRT-PCR analysis of E-cadherin, N-cadherin, vimentin, SNAIL, and TGF-β1
mRNA levels in breast cancer cells
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Figure 6. Effect of ADE on MAPK and JAK/STAT signaling pathway activation. A, C – WB analysis of MAPK and JAK/
STAT signaling pathway activation in ADE-treated breast tumor cells; C, D – qRT-PCR analysis of MAPK and JAK/STAT
mRNA expression of ADE-treated breast tumor cells at gene level

consistent with the WB data, showed that the
mRNA expression levels of Raf-1, Mek1, and Erk1
in hADE (0.99 ±0.02, 1.20 ±0.05, 1.85 ±0.09, and
3.76 ±0.24, respectively) and lADE (1.68 ±0.05,
1.87 ±0.06, 1.87 ±0.11, and 3.85 ±0.20, respectively) groups were significantly lower compared
with those in the model group (with relative density of 3.51 ±0.05, 4.81 ±0.10, 3.79 ±0.04, and 4.01
±0.15, respectively) (p > 0.05) (Figure 6 D).

Discussion
Breast carcinoma is one of the most common
malignant tumors with the characteristics of
a low recovery rate and high mortality. CTM possesses a distinct advantage in preventing tumorigenesis, reducing recurrence, and blocking metastasis, and advancing prognosis. The goal of CTM
usage is targeting breast tumor cell growth and
proliferation.

EMT is a cytological process that enables polarized epithelial cells to transfer into mesenchymal
cells and obtain their phenotype, through multiple
biochemical and cytological alteration. The changes include abnormal signaling pathway activation,
migratory capability, invasiveness, and high resistance to apoptosis [32]. The EMT/MET balance
plays an essential role in tumor invasion and metastasis [33–35]. Here we determined the expression of epithelium-specific E-cadherin and mesenchyme-specific N-cadherin, vimentin, TGF-β1, and
SNAIL via WB and qRT-PCR assays, and found that
E-cadherin in the model group was up-regulated
and mesenchyme-specific markers decreased,
resulting in reduced cell adhesion and obtaining
a mesenchymal phenotype, which is considered
be a typical phenomenon in tumorigenesis. Additionally, in the ADE group we found that epithelium-specific to mesenchyme-specific alteration
was retraced, revealing that ADE treatment facili-
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tated the MET process and consequently brought
down the cancer invasion ability.
The MAPK signaling pathway participates in cellular processes, such as replication, differentiation,
and apoptosis, through activating cascading signal
receptors and transcription factors in the nucleus
[36, 37]. In tumorigenesis, irregular activation of
the MAPK signaling pathway could be detected.
Activation of the canonical Ras/MAPK pathway is
highly infrequent in breast cancer. In the Cancer
Genome Atlas study (CGAN, 2012), the frequency of mutations in the Ras and Raf families by
next-generation sequencing was less than 2% of
all primary breast tumors [38]. It was also reported that another signal transduction pathway, the
JAK/STAT pathway, was found to be exceptionally
activated during carcinogenesis [39], and its specific inhibitor, NSC74859, was found to have a suppressive effect on tumorigenesis [40]. STAT3 and
STAT5 play important and distinct roles in mammary development and both can be activated in
breast cancer. A previous study found that primary
human breast tumors displaying activation of both
STATs are more differentiated than those with
STAT3 activation alone and display more favorable
prognostic characteristics [41]. STAT5 and STAT3
mediate opposing effects on several key target
genes, with STAT5 exerting a dominant role. Coactivation of STAT5 and STAT3 leads to decreased
proliferation and increased sensitivity to the chemotherapeutic drugs paclitaxel and vinorelbine
compared with cells that have only STAT3 activation. On the other hand, genetic studies in mouse
models support a role for the STAT5 transcription
factor as a proto-oncogene in mammary tumor initiation [42]. In the present study, we also found abnormal raised expression of Raf, Mek, and Erk proteins in the modeling process. We also confirmed
that JAK/STAT and MAPK signaling pathways were
activated in the tumor model group. Notably, the
ADE administration effectively inactivated these
two pathways, and in consequence reduced breast
tumor proliferation and invasion.
Collectively, our data have provided evidence
that ADE targeted MAPK and JAK/STAT to suppress EMT and breast tumorigenesis. Recently,
ADE has been proved and utilized in anti-inflammatory, wound healing and antiviral remedies
[26]; therefore, the clinical employment of CTM as
a novel anti-tumor drug might be reasonable and
applicable. However, the long-lasting efficacy of
ADE to overcome the drug tolerance of tumor cells
still need to be further investigated.
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