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Abstract
Introduction. Actinidia chinensis Planch. root extract (acRoots), known as a traditional Chinese medicine (TCM), 
has shown antitumor efficacy in various types of human cancers. However, its role and underlying mechanisms 
in breast cancer (BCa) have not been elucidated. 
Material and methods. In the present study, the effects of acRoots on cell viability, apoptosis, migration and 
invasion were analyzed by MTT assay, colony formation, flow cytometry, wound healing and Transwell assay 
in MDA-MB-231 and MDA-MB-453 breast cancer cell lines. The expression levels of relevant proteins were 
determined by Western blot assay. 
Results. The results revealed that acRoots inhibited proliferation, migration, and invasion and promoted apop-
tosis of BCa cells. Moreover, acRoots decreased the expression of cyclin D1, survivin, Bcl-2, N-cadherin, and 
Snail and increased the expression of Bax and E-cadherin in MDA-MB-231 and MDA-MB-453 cells. AcRoots 
inhibited the AKT/GSK-3b pathway by decreasing the levels of phosphorylated AKT, phosphorylated GSK-3b 
and b-catenin. 
Conclusions. The described effects of acRoots on the cultured BCa cells suggest that they may be mediated by 
the inhibition of the AKT/GSK-3b signaling pathway. Thus, further studies are warranted to test the possibility 
that AcRoots may be used as a promising anticancer agent for breast cancer treatment. (Folia Histochemica et 
Cytobiologica 2021, Vol. 59, No. 4, 226–235)
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Introduction

Breast cancer (BCa) is one of the most common 
malignancies, accounting for almost 450,000 deaths 
annually worldwide [1–4]. The current treatments for 
BCa are mainly surgical resection and chemotherapy. 
Despite improvements in clinical strategies, including 
early diagnosis, surgical resection, hormonal therapy, 
radiotherapy and chemotherapy, long-term clinical 
outcomes and mortality rates remain unsatisfactory 

[5]. Among these factors, severe side effects and 
multidrug resistance caused by chemotherapy are the 
main obstacles that lead to poor therapeutic effects 
and survival rates [6]. The etiology, cell proliferation 
and metastasis of BCa are generally mediated by 
multiple mechanisms or pathways [7, 8]. At present, 
several natural products extracted from a variety of 
sources are considered to be effective complementary 
therapeutic agents and have become a novel research 
focus for the treatment of cancer due to their regu-
lation of a variety of physiological pathways [9–11].

Actinidia chinensis Planch. root extract (acRoots),  
a kind of traditional Chinese medicine (TCM), has var-
ious biological activities, including antioxidant, anti-in-
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flammatory, purification, immunological and anticancer 
activities [12–14]. Recently, acRoots was reported to in-
hibit in vitro the progression of hepatocellular carcinoma 
[15–18], gastric cancer [19], colon cancer [20] and lung 
cancer cell lines [21]. However, the effects of acRoots 
on BCa cells are still unknown, and the mechanism 
responsible for the anticancer effects is very limited.

In the present study, we first investigated the role 
of acRoots in BCa cell lines. In addition, mechanistic 
studies suggested that the inhibitory effect of acRoots 
on BCa may occur through blocking the AKT/GSK-3b 
signaling pathway, which would provide a potential 
strategy for developing new agents for the treatment 
of breast cancer.

Materials and methods

Preparation of acRoots. The roots of Actinidia chinensis 
Planch. were washed and chopped, suspended in 10 volumes 
of distilled water, and heated at 100°C for 1 h. Then, the 
decoction was filtered. The entire extraction process was 
repeated twice. The filtrate was combined twice, and the 
concentrate was obtained in a ratio of 1:1, extracted three 
times with n-butanol. The two extracted filtrates were com-
bined, the solvent was recovered to dryness, and the result-
ing extracts were mixed and equilibrated to 1 g/mL mother 
solution. A stock solution of acRoots was prepared by 
dissolving the sample in dimethyl sulfoxide (DMSO, Gibco, 
Thermo Fisher Scientific, Waltham, MA, USA) and diluted 
in Dulbecco’ s modified Eagle’ s medium (DMEM, Gibco) 
to make the final DMSO concentration of 0.1%. The active 
acRoots solution was continuously diluted at the following 
concentrations: 0.1, 1, and 10 mg/mL or 0.1, 1, and 10 μg/mL.  
The wells with only DMEM were used as the negative 
control, whereas wells with DMEM and 0.1% DMSO were 
used as the control (Ctrl group, i.e. DMSO group). 

Cell culture and treatment. The human breast epithelial 
cell line MCF-10A and human BCa cell lines MDA-MB-231 
and MDA-MB-453 were purchased from American Type 
Culture Collection (ATCC; Manassas, VA, USA) and 
cultured in DMEM (Gibco) with 10% fetal bovine serum 
(FBS, Gibco) and 1% penicillin/streptomycin (100 U/mL 
penicillin and 100 mg/mL streptomycin (Gibco) at 37°C in 
the atmosphere of 5% CO2.

Cell viability assay. Cells (5 × 104 cells/well) were seeded in 
96-well culture plates. After treatment with different concen-
trations of acRoots for 24 h, 5 mg/mL of 3-(4,5-dimethyl-2-thi-
azolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT, 20 μL/ 
/well) was added to the cells and incubated for 4 h at 37°C. 
Then, 150 μL/well of DMSO (Gibco) was added to dissolve 
crystals. The absorbance at 570 nm (OD570) was detected in 
a microplate reader (Bio-Rad, Hercules, CA, USA).

Colony formation assay. Colony formation assay was used 
to evaluate the effect of acRoots on cell growth. In brief, 
cells were seeded at a density of 1 × 103 cells/well in 6-well 
plates and were cultured with indicated doses of acRoots. 
Then, living cells (2 × 103 cells/well) were cultured in 
different 6-well plates for an additional two weeks until 
cell colonies were visible. The cells were washed twice in 
phosphate-buffered saline (PBS), fixed in paraformaldehyde 
(PFA, SigmaAldrich, St. Louis, MO, USA) for 20 min and 
stained in 0.2% crystal violet (Solarbio, Beijing, China). 
Stained cells were washed in PBS and photographed after 
drying with a microscopic camera.

Cell apoptosis assay. Cell apoptosis was evaluated using the 
Annexin V-FITC Apoptosis Detection Kit (Catalog no. 88- 
-8005-72, Invitrogen, Grand Island, NY, USA) following the 
manufacturer’s instructions. In brief, the treated cells were 
digested with 0.025% trypsin and washed with PBS. Then, 
the cells were collected and resuspended in binding buffer 
and stained with 5 μL annexin V-FITC and 5 μL propidium 
iodide (PI) in the dark for 15 min at room temperature 
(RT). The fluorescence was detected using flow cytometry 
with a FACScan flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA).

Wound-healing assay. A wound healing assay was performed 
to test cell migration. 5 × 104 cells were seeded into 6-well 
plates and maintained overnight at 37°C in the atmosphere 
of incubators with 5% CO2. When cells reached 90% 
confluence, they were treated with 10 μg/mL mitomycin C 
(SigmaAldrich) for 2 h [22–24]. (Mitomycin C is used as  
a proliferation inhibitor to eliminate the contribution of cell 
division on wound closure to exclude the effect of reduced 
scratch area due to cell growth). The monolayer cells were 
scratched with a 200 μL pipette tip on the bottom of each 
plate after cells reached 100% confluence. Then, the cell 
debris was washed away with PBS, and the remaining cells 
were cultured in serum-free medium with acRoots at the 
indicated doses for 24 h. At 0 h and 24 h after scratching, 
the gap area width was captured using a microscope camera 
(Olympus, Tokyo, Japan).

Transwell assay. Transwell assays were performed to 
measure the cell invasion capacity. Cells were treated with 
or without acRoots for 24 h and then harvested. The cells 
(5 × 104 cells/well) treated under the different conditions 
described above were seeded in the top chamber (Millipore, 
Billerica, MA, USA), which was precoated with Matrigel 
(BD Biosciences). Serum-free culture medium was added 
to the top chambers, while the bottom chambers were filled 
with 500 μL of culture medium containing 10% FBS. After 
incubation for 24 h, cells in the bottom chamber were fixed 
with 4% paraformaldehyde, stained with 0.1% crystal violet 
and counted under a microscope.
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Western blot assay. Cells were lysed with RIPA lysis buf-
fer (Beyotime, Beijing, China). After quantification with  
a Pierce™ BCA Protein Assay Kit (Thermo Fisher Scien-
tific), total proteins were fractionated by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 
Then, proteins were transferred onto a PVDF membrane 
(Millipore, Bedford, MA, USA), blocked with 5% skim 
milk, and incubated with the following primary antibodies 
at 4°C overnight: anti-cyclin D1 (1:1000, #ab92552, Abcam), 
anti-survivin (1:1000, #ab32072, Abcam), anti-Bcl-2 (1:800, 
#ab59348, Abcam), anti-Bax (1:2000, #ab32503, Abcam), 
anti-E-cadherin (1:500, #ab15148, Abcam), anti-N-cadherin 
(1:1000, #ab76057, Abcam), anti-Snail (1:500, #ab180714, 
Abcam), anti-p-GSK-3b (1:10000, #ab75814, Abcam), anti-
GSK-3b (1:5000, #ab32391, Abcam), anti-p-AKT (1:1000, 
#ab38449, Abcam), anti-AKT (1:500, #ab8805, Abcam) and 
anti-GAPDH (1:2000, #ab181602, Abcam). Subsequently, 
the membranes were incubated with HRP-conjugated 
goat anti-rabbit IgG antibody or anti-mouse IgG antibody 
(1:2,000; Abcam, Cambridge, MA, USA) for 1 h at RT. 
The expression of proteins was detected and analyzed with 
an imaging system (Bio-Rad) and ImageJ software (NIH 
Image, Bethesda, MD, USA).

Statistical analysis. Statistical product and service solu-
tions (SPSS, version 19.0, IBM, New York, NY, USA) and 
GraphPad Prism 7 (Graphpad Inc., San Diego, CA, USA) 
were used to conduct data analysis. All results are displayed 
as the mean ± SD of from three independent experiments, 
and mean values were compared using Student’s t-test or 
one-way ANOVA with Tukey’s post hoc test, respectively. 
All experiments were repeated more than three times, and 
a p value < 0.05 was considered statistically significant.

Results

AcRoots inhibits the proliferation of BCa cells
To investigate the anticancer effects of acRoots, 
MTT assay was performed to evaluate the prolifer-
ation of the breast cancer cell lines MDA-MB-231 
and MDA-MB-453 and the normal breast epithelial 
cell line MCF10A. Analysis revealed that acRoots 
(0.1, 1, 10 mg/mL) treatment decreased the viability 
of both MDA-MB-231 and MDA-MB-453 cells in  
a dose-dependent manner (Fig. 1A) but did not have 
any effect on the viability of MCF-10A cells (Fig. 1A). 
The inhibitory effect of acRoots on the proliferation 
of BCa cells was also confirmed by a colony formation 
assay (Fig. 1B). Similarly, cell colony numbers in the 
acRoots treatment groups were lower than those in the 
control and DMSO groups, and that in the 10 mg/mL  
acRoots group had the most significant reduction 
(Fig. 1B). These data indicated that acRoots inhibits 
the proliferation of BCa cells in vitro. 

AcRoots promotes apoptosis of BCa cells
We further explored the effect of acRoots on the 
apoptosis of BCa cells by flow cytometry. The ap-
optotic cell percentages in the control, DMSO, ac-
Roots (0.1 mg/mL), acRoots (1 mg/mL) and acRoots  
(10 mg/mL) groups were 7.67 ± 1.13%, 8.12 ± 1.00%, 
12.79 ± 1.89%, 15.72 ± 2.07%, 22.89 ± 3.37% in 
MDA-MB-231 cells and 5.60 ± 0.72%, 6.97 ± 1.80%, 
13.42 ± 2.30%, 19.56 ± 2.05%, 24.86 ± 4.64% in 
MDA-MB-453 cells, respectively (Fig. 2A, B). The 
percentages of apoptotic cells in the acRoots groups 
were significantly increased compared with those 
in the Ctrl and DMSO groups (Fig. 2A, B) in both 
MDA-MB-231 and MDA-MB-453 cells, indicating 
that acRoots promotes apoptosis of BCa cells. 

AcRoots inhibits the migration and invasion  
of BCa cells
The effect of acRoots on the migration ability of 
BCa cells was measured by wound healing assay. By 
detecting the changes in the spacing between cells in 
each group at 0 and 24 h after scratching, we found 
that acRoots suppressed the migratory capacity of 
both MDA-MB-231 and MDA-MB-453 cells (Fig. 
3A). Transwell invasion assays revealed that acRoots 
significantly reduced the number of invasive cells 
(Fig. 3B). Thus, acRoots decreased the migration and 
invasion of BCa cells.

AcRoots regulates the expression of proliferation-, 
apoptosis- and epithelial-mesenchymal transition 
(EMT)-related factors in breast cancer cells
Since the above results showed that acRoots in-
hibited proliferation, migration and invasion and 
induced apoptosis of BCa cells, the levels of proteins 
related to cell proliferation (survivin and cyclin D1), 
apoptosis (Bcl-2 and Bax), and EMT (N-cadherin, 
E-cadherin and Snail) were determined by western 
blot assay. Consistently, following treatment with 
acRoots (0.1, 1 and 10 mg/mL), the protein levels of 
survivin, cyclin D1, N-cadherin, Bcl-2 and Snail were 
significantly decreased; however, the protein levels 
of Bax and E-cadherin were significantly increased in  
a dose-dependent manner in MDA-MB-231 (Fig. 4A) 
and MDA-MB-453 (Fig. 4B) cells.

AcRoots inhibits the AKT/GSK-3b signaling 
pathway in breast cancer cells
Furthermore, we examined AKT/GSK-3b signaling, 
which plays a critical role in the regulation of cell 
proliferation, apoptosis and EMT. Western blot assay 
revealed that acRoots treatment significantly reduced 
the levels of phosphorylated AKT, phosphorylated 
GSK-3b and b-catenin, whereas it exhibited no effect 
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Figure 1. AcRoots inhibits the proliferation of BCa cells. A–B. After treatment with different concentrations of AcRoots for 
24 h, cell proliferation (A) and colony formation (B) were assessed by MTT assay and colony formation assay. Values are 
displayed as the mean ± SD of triplicate measurements from three independent experiments. *p  <  0.05, **p  <  0.01, ***p  
<  0.001, compared with the blank control (Ctrl) group; #p  <  0.05, ##p  <  0.01, ###p  <  0.001, compared with the DMSO group.

Figure 2. AcRoots promotes the apoptosis of BCa cells. A–B. Cell apoptosis induced by acRoots in MDA-MB-231 (A) and 
MDA-MB-453 (B) cell lines was analyzed by flow cytometry with FITC-annexin V/PI staining. These data are representative 
of triplicate independent experiments conducted under the same conditions. *p < 0.05, **p  <  0.01, ***p < 0.001, compared 
with the blank control (Ctrl) group; #p <  0.05, ##p < 0. 01, ###p <  0.001, compared with the DMSO group.
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Figure 3. AcRoots inhibits the migration and invasion of BCa cells. A–B. Cell migration (A) and (B) invasion were detect-
ed using wound healing and Transwell assays (magnification, ×10; scale bar, 200 μm), respectively, when MDA-MB-231 
and MDA-MB-453 cells were treated with different concentrations of acRoots. These data are representative of triplicate 
independent experiments conducted under the same conditions. *p  <  0.05, **p  <  0.01, ***p  <  0.001, compared with the 
blank control (Ctrl) group; #p  <  0.05, ##p  <  0.01, ###p  <  0.001, compared with the DMSO group.

on the total levels of AKT and GSK-3b in any of the 
treatment groups in MDA-MB-231 (Fig. 5A) and 
MDA-MB-453 (Fig. 5B) cells. 

Discussion

Breast cancer is one of the most aggressive cancers, 
and a high metastasis rate is the main cause of death 
[30]. Therefore, exploring the mechanism of the 
proliferation and metastasis of BCa cells is beneficial 
for targeted therapy of BCa. Accumulated evidence 

shows that, as a complementary therapy for BCa, 
TCM has certain advantages in inhibiting the pro-
liferation and metastasis of cancer cells [31, 32]. In 
this study, we demonstrated that acRoots effectively 
inhibited cell viability, migration, and invasion and 
induced apoptosis in BCa cells. Moreover, acRoots 
regulated the expression of proliferation-, EMT- and 
apoptosis-related markers.

Inhibiting the proliferation and promoting the 
apoptosis of cancer cells is a promising strategy for 
tumor therapy [33]. Overall, drug-induced apoptosis 
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Figure 4. AcRoots regulates the expression of proliferation-, apoptosis- and EMT-related factors in BCa cells. A–B. The 
protein levels of cell proliferation-, apoptosis- and EMT-related factors were evaluated using Western blot assay when 
MDA-MB-231 (A) and MDA-MB-453 (B) cells were treated with different concentrations of acRoots. GAPDH was used 
as a protein loading control. These data are representative of triplicate independent experiments conducted under the same 
conditions. *p  <  0.05, **p  <  0.01, ***p  <  0.001, compared with the blank control (Ctrl) group; #p  <  0.05, ##p  <  0.01, 
###p  <  0.001, compared with the DMSO group.
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Figure 5. AcRoots inhibits the AKT/GSK-3b signaling pathway in BCa cells. A–B. The protein levels of p-Akt, Akt, GSK-3b, 
and p-GSK-3b in MDA-MB-231 and MDA-MB-453 cells were determined by Western blot analysis. GAPDH was used as 
a protein loa ding control. These data are representative of triplicate independent experiments conducted under the same 
conditions. *p  <  0.05, **p  <  0.01, ***p  <  0.001, compared with the blank control (Ctrl) group; #p  <  0.05, ##p  <  0.01, 
###p  <  0.001, compared with the DMSO group.

is one of the main mechanisms of action in the treat-
ment of cancer. Hou et al. suggested that acRoots 
could inhibit proliferation and induce cell cycle arrest 
in S-phase and induce apoptosis in hepatocellular 
carcinoma cells [15]. Consistently, we also found 
that acRoots treatment significantly decreased cell 
viability but increased apoptosis rates, along with 
decreased Bcl-2 protein levels and increased Bax 
protein levels in BCa cells. A recent study found that 
the level of cleaved caspase 3 and cell apoptosis rate 
were significantly upregulated in the acRoots-treat-
ed group, whereas this effect was reversed in the 
co-treated group with acRoots + Z-VAD-FMK 

(a caspase inhibitor), suggesting that acRoots may 
inhibit gastric cancer cell proliferation in part by pro-
moting apoptosis [34]. However, further studies are 
needed to determine whether acRoots inhibits the cell 
proliferation in BCa is caused by caspase-dependent 
apoptosis pathway. Growing evidence suggests that 
the mechanism associated with BCa invasion and 
metastasis involves the induction of EMT, which 
is characterized by the disappearance of epithelial 
phenotypes and the acquisition of fibroblast-like 
characteristics and is accompanied by a decline in 
the expression of adhesion molecules that maintain 
epithelial cell contacts [35, 36]. The inhibition of EMT 
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transcription factors (such as Snail) on genes encoding 
epithelial cell-specific proteins (such as E-cadherin) 
can promote a decrease in cell adhesion [37]. Previous 
studies have revealed that acRoots inhibits invasion 
and migration and EMT in hepatocellular carcinoma 
cells [17], and this effects of acRoots was confirmed 
in this study performed on breast cancer cell lines. In 
the present study, acRoots was also proven to inhibit 
the migration and invasion of BCa cells. Consistently, 
the decrease in protein levels of N-cadherin and Snail 
and the increase in protein levels of E-cadherin also 
confirmed the above results. Taken together, acRoots 
may inhibit BCa progression by regulating cell prolif-
eration, migration, invasion and EMT.

A previous study showed that acRoots inhibit-
ed lung cancer cell proliferation and apoptosis via 
the PI3K signaling pathway by decreasing the gene 
expression of PI3K family members [40]. Anoth-
er recent study revealed that the polysaccharide 
components of Actinidia chinensis Plant played 
a protective effect in hypoxia-induced apoptosis 
of cardiomyocytes treated with angiotensin II by 
inhibiting the activation of the PI3K/AKT pathway 
[41]. Accordingly, we hypothesize that acRoots may 
regulate the progression of BCa cells by regulating 
AKT/GSK-3b signaling. Aberrant activation of the 
AKT/GSK-3b signaling pathway has been shown 
to be involved in the progression of many cancers 
[26, 28]. With increasing evidence that the AKT/ 
/GSK-3b signaling pathway plays a key role in regulat-
ing BCa growth, survival, motility and drug resistance, 
there are now numerous data suggesting that various 
components of this pathway may be molecular targets 
for BCa treatment [17, 28]. Thus, the AKT/GSK-3b 
signaling pathway is considered to be an attractive 
target for the development of new anticancer drugs 
for the treatment of BCa patients. As a downstream 
target of the PI3K/AKT pathway, GSK-3b may be 
inactivated by AKT-mediated phosphorylation of its 
Ser9 residue [42, 43]. Phosphorylation of b-catenin at 
Ser33, Ser37 and Thr41 residues by GSK-3b eventu-
ally leads to b-catenin sequestration and degradation, 
thereby inhibiting the Wnt/b-catenin signaling path-
way [44]. Thus, AKT activation leads to inhibition of 
GSK-3b kinase activity, which activates the Wnt/b-cat-
enin signaling pathway. In addition, Wnt/b-catenin is 
one of the critical signaling pathways that regulates 
proliferation and EMT, and its downstream targets 
are survivin and cyclin D1 [45, 46]. Further western 
blot assays verified that acRoots treatment signifi-
cantly decreased the levels of phosphorylated AKT, 
phosphorylated GSK-3b and b-catenin, and acRoots 
treatment also reduced the levels of survivin and 
cyclin D1 downstream target genes of Wnt/b-catenin 
in MDA-MB-231 and MDA-MB-453 cells, indicating 

that acRoots suppresses the AKT/GSK-3b signaling 
pathway, which presumably contributes to the inhibi-
tion of proliferation, invasion and EMT of BCa cells. 

At the same time, recent pharmacological studies 
have shown that acRoots has anti-tumor function in 
vivo. Studies in an in vivo zebrafish xenograft model 
further confirmed that administration of acRoots 
inhibits xenograft growth and metastasis of HGC-27 
cells transplanted in vivo [34]. In addition, acRoots 
has been widely used in adjuvant therapy of tumors 
[19]. AcRoots-containing Chinese medicine formula 
“Weikang Keli” can significantly inhibit the prolifer-
ation of gastric cancer cells and prolong the survival 
period of nude mice by promoting autophagy [19]. 
Therefore, both in vitro and in vivo studies have proved 
that acRoots displayed good anticancer efficacy. How-
ever, in vivo efficacy and clinical effect of acRoots on 
BCa still need to be verified by further in vivo exper-
imental models, which needs to be comprehensively 
considered according to the complex biological envi-
ronment, and the physical and chemical properties, 
biological activity and stability of the acRoots.

In summary, we showed that acRoots inhibits 
cell proliferation, migration, invasion and EMT and 
induces apoptosis by attenuating the AKT/GSK-3b 
signaling pathway in BCa cells in vitro. The results 
demonstrated that acRoots may be a potential can-
didate for antitumor treatment. 
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