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Abstract
Introduction. Soyasaponins are triterpenoid glycosides discovered in soybean and have anti-cancer properties. 
Soyasaponin A was reported to repress estrogen-insensitive breast cancer cell proliferation. This study intends 
to explore the role of one isomer of soyasaponin A, i.e. soyasaponin Ag (Ssa Ag), in triple-negative breast cancer 
(TNBC) development.
Material and methods. Bioinformatic databases were used to predict DUSP6 expression in breast cancer (BC) as 
well as the correlation between the expression of DUSP6 (or MAPK1, MAPK14) with the prognosis of patients 
with BC. The expression of DUSP6/MAPK signaling-related genes (DUSP6, MAPK1, and MAPK14) in TNBC 
cell lines was assessed via Western blot analysis and RT-qPCR. Levels of cell apoptosis proteins (Bax and Bcl-2) 
in TNBC cells were assessed via Western blot analysis. CCK-8 assay, colony formation assay, and flow cytometry 
analysis were conducted for the measurement of TNBC cell growth and apoptosis. In vivo xenograft assay was 
employed for investigating the biological influence of Ssa Ag on tumor growth.
Results. The poor prognosis of BC patients was linked to the aberrant expression of DUSP6/MAPK pathway 
genes. Low expression of DUSP6 or high expression of MAPK1 (or MAPK14) was correlated to poor prognosis. 
DUSP6 was downregulated while MAPK1 and MAPK14 were upregulated in TNBC cells versus normal cells. 
Ssa Ag upregulated DUSP6 expression while downregulated MAPK1 and MAPK14 expression, inhibiting the 
MAPK signaling pathway. Additionally, Ssa Ag promoted in vitro TNBC cell apoptosis and restrained cell growth, 
and repressed in vivo tumor growth.
Conclusions. Ssa Ag inhibited TNBC progression via upregulating DUSP6 and inactivating the MAPK signaling 
pathway. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 4, 291–301)
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Introduction

As the second leading cause of mortality induced by 
cancer in females, breast cancer (BC) accounts for 

nearly a quarter of all cancers [1–3]. Triple-negative 
breast cancer (TNBC) which comprises about one-
fifth of all BCs, is a unique subtype of BC with early 
recurrence, poor prognosis, and low survival rates 
compared with other types of BC [4, 5]. TNBC is 
characterized by lacking expression of human epi-
dermal growth factor receptor 2 (HER2), estrogen 
receptor (ER), and progesterone receptor (PR) [6, 
7]. Increasing evidence suggests that factors of diet, 
weight and physical activity are closely associated with 
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a high risk of TNBC [8]. To date, surgery accompanied 
with chemotherapy and radiotherapy has been widely 
applied for TNBC treatment, but the problem of side 
effects on adjacent normal tissues is still unsolved 
[9]. Thus, it is urgent to elucidate the molecular 
mechanism underlying TNBC for improving clinical 
outcomes in TNBC patients.
Soyasaponins are biologically active secondary plant 
metabolites that can be discovered in soybeans and 
other legumes [10]. Based on the aglycone (soyasap-
ogenol) structure, soyasaponins are mainly divided 
into two groups as A and B [11]. Soyasaponin A 
contains sugar moieties at the C-3 and C-22 posi-
tions of the ring structures [12]. Soyasaponin A has 
eight isomers, named as Aa-Ah [13]. Soyasaponins 
have numerous biological properties, including 
anti-carcinogenic, anti‑obesity, anti‑inflammatory, 
and hepatoprotective effects [14–16]. Studies have 
demonstrated that soyasaponins are involved in tumor 
growth and cancer cellular processes, including in 
BC. For example, soyasapogenin A inhibits the pro-
liferation of estrogen-insensitive human BC cell line, 
MDA-MB-231 [17]. Soyasaponin I depresses cellular 
a2,3-sialyltransferase (ST) activity, thereby enhancing 
BC MCF-7 cell adhesion to the Matrigel-matrix and 
attenuating BC MDA-MB-231 cell migration [18]. 
Soyasapogenin A results in potent cytotoxicity to BC 
MDA-MB-231 cells and induces cell cycle arrest [19]. 
Nevertheless, the biological function and regulatory 
mechanism of soyasaponin Ag (Ssa Ag) in TNBC have 
not been investigated.
Mitogen-activated protein kinase (MAPK) partici-
pates in many signaling pathways that are crucial to 
regulating several cellular processes [20]. The MAPK 
pathway is closely related to the tumorigenesis of 
numerous cancers. For example, the activation of the 
ERK/MAPK pathway exerts promoting function on 
colorectal cancer [21]. MAPK/ERK-BIM signaling 
pathway is reported to be inhibited by SOX7 to atten-
uate cell apoptosis in lung cancer [22]. Dual specificity 
phosphatase 6 (DUSP6), or MAPK phosphatase 3 
(MKP3), encodes proteins that belong to the bispe-
cific specificity protein phosphatase subfamily [23, 
24]. These phosphatases play biological roles in the 
negative regulation of the MAPK superfamily, in-
cluding JNK, MAPK, and p38, and are closely related 
to cell proliferation and motion [25–27]. Emerging 
evidence has reported that DUSP6 exerts inhibitory 
function on malignant phenotypes of various cancers 
[28–32]. Previously, soyasapogenol I-aa was reported 
to exert anti-inflammatory effects via inhibiting the 
MAPK signaling pathway [33], revealing the role of 
soyasaponin in mediating the MAPK pathway. Nev-
ertheless, whether Ssa Ag regulates the expression of 

DUSP6 and the MAPK pathway in TNBC remains 
unexplored.
Our study is intended to figure out the biological func-
tion of Ssa Ag in TNBC and explore the influence of Ssa 
Ag on the DUSP6/MAPK pathway. Our findings may 
provide an innovative strategy for TNBC treatment.

Materials and methods

Cell culture. Validated TNBC cell lines, MDA-MB-468 and 
MDA-MB-231 were identified for the study according to 
previous studies [34–36]. Human normal breast epithelial 
cell line MCF-10A and two TNBC cell lines were obtained 
from ATCC (Manassas, VA, USA). All cells were incubated 
in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) 
that contains 10% fetal bovine serum (Hyclone, USA), 100 
μg/mL streptomycin, and 100 U/mL penicillium at 37°C 
with 5% CO2. Ssa Ag was isolated and purified as previously 
described [13, 37]. TNBC cells were treated with Ssa Ag (1, 
2, 4 μM) for 24 h to investigate the influence of soyasaponin 
A on cell malignant behaviors [38]. The concentration of 
DMSO as diluent control was taken as < 0.1%.

RNA extraction and reverse transcription-quantitative 
PCR (RT-qPCR). Total RNA was isolated from cells ap-
plying TRIzol reagent (Invitrogen). Total RNA was reverse 
transcribed into cDNA with the PrimeScript RT Reagent 
kit (TaKaRa, Dalian, China). Then quantitative PCR was 
conducted using SYBR Premix Ex Taq (TaKaRa) to deter-
mine DUSP6, MAPK1, and MAPK14 expression. GAPDH 
served as the normalization control. The 2−DDCt method was 
used for analyzing the data.

Western blot analysis. Cell lysates were harvested by RIPA 
buffer (Invitrogen). Next, 20 μg of protein sample was trans-
ferred onto a PVDF membrane after being isolated by 10% 
SDS-PAGE. The membrane was blocked with 5% non-fat 
milk powder, and incubated with the primary antibodies 
(Abcam, Shanghai, China) as follows: anti-DUSP6 (ab76310, 
1:500), anti-p38 alpha/MAPK14 (ab170099, 1:1000), an-
ti-MAPK1 (ab32081, 1:1000), anti-Ki67 (ab92742, 1:5000), 
anti-CDK2 (ab32147, 1:1000), anti-Bax (ab32503, 1:1000), 
anti-Bcl-2 (ab182858, 1:2000) and anti-GAPDH (ab9485, 
1:2500) overnight at 4°C. After washing with PBS at room 
temperature thrice (5 min each time), the membrane was 
incubated with a secondary antibody at 37°C for 1 h. The 
membrane was then rinsed thrice with PBS, immersed in  
a reinforced chemiluminescence reaction solution for 1 min, 
and quantified using Image software.

Cell Counting Kit-8 (CCK-8) assay. After treatment with 
Ssa Ag (1, 2, and 4 μM), TNBC cells were plated into 96-well 
plates (1×104 cells/well). The CCK-8 (Dojindo Laboratories, 
Kumamoto, Japan) reagent was added 24 h after different 
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treatments. Subsequently, cells were incubated for 2 h at 
37°C, and a microplate reader was applied to evaluate the 
absorbance at 450 nm.

Colony formation assay. TNBC cells after Ssa Ag treatment 
were cultured in the medium plate for 14 days in a humidi-
fied ambiance with 5% CO2 at 37°C. Afterward, cells were 
washed twice with PBS, fixed with 5% paraformaldehyde for 
30 min, and stained with 1 mL of 0.1% crystal violet solu-
tion. At last, the cells were rinsed with PBS and the colony 
numbers were counted using a microscope (KEYENCE, 
Osaka, Japan).

Caspase-3 activity analysis. A Caspase-3 Colorimetric Assay Kit 
(R&D Systems, Minneapolis, MN, USA) was used to determine 
Caspase-3 activity. TNBC cells were lysed and centrifuged to ac-
quire supernatants. The Bradford Protein Assay Kit (Beyotime) 
was employed to quantify the protein concentrations of each 
sample. The supernatants were mixed with buffer containing 
the substrate peptides for caspase-3 attached to p-nitroanilide 
(pNA) and incubated at 37°C for 2 h. The microplate reader 
was applied to measure absorbance at 405 nm.

Flow cytometry analysis. Cell apoptosis was detected by 
Annexin V-FITC/PI staining using flow cytometry. Cells 
were collected and rinsed with precooled PBS thrice after 
24 h of Ssa Ag treatment. Then, cells (1×105 cells/mL) were 
stained with a binding buffer containing Annexin V-FITC 
and propidine iodide (PI) under darkness for 15 min at 4°C. 
Finally, cell apoptosis was evaluated with flow cytometry 
(BD Biosciences).

In vivo xenograft assay. Athymic BALB/c nude female mice 
(4 weeks old; 18–20 g) bought from NihonClea, Japan was 
orientated for 14 days. Then, animals were pre-fed with 
vehicle (0.1% carboxymethyl cellulose (CMC)) or Ssa Ag 
supplemented vehicle (15 mg/kg) in 250 µL suspension twice 
a week for two weeks. MDA-MB-231 cells (5 ×106 in 200 µL  
PBS) were subcutaneously injected over the left and right 
thigh flanks. Seven days after the injection, mice were reg-
ularly fed for 28 days. Tumors were regularly monitored 
and sized with a Vernier caliper. Before tumors grew to 
approximately 1.5 cm in length, mice were sacrificed and 
the tumors in internal organs were examined.

Statistical analyses. Experimental assays were conducted 
in triplicate and the data are presented as the mean ± 
standard deviation. Comparisons were made by Student’s 
t-test or one-way analysis of variance (ANOVA) followed 
by Tukey’s post hoc analysis. All statistical analyses were 
performed using SPSS 17.0 software (SPSS, Chicago, IL, 
USA), and GraphPad Prism 8.0 (GraphPad Software, San 
Diego, CA, USA). The value of p < 0.05 was assumed to 
be statistically significant.

Results

DUSP6/MAPK pathway-related genes are  
correlated with poor prognosis of BC patients
The GEPIA database shows that DUSP6 expression 
at the mRNA level is significantly downregulated in 
1085 BRCA tissue samples vs. that in 291 normal 
tissue samples (Fig. 1A). The Kaplan-Meier plotter 
database displays that low DUSP6 mRNA expression 
is correlated to the poor prognosis of BC patients 
(Fig. 1B). igh mRNA levels of MAPK1 and MAPK14 
genes bring unfavorable prognosis of BC patients 
(Fig. 1C, D). According to these data, we assumed 
that the DUSP6/MAPK pathway is associated with 
BC development. Subsequently, the expression of 
DUSP6/MAPK pathway-related genes in TNBC cells 
versus normal cells was detected. Both the mRNA and 
protein levels of DUSP6 were downregulated while 
those of MAPK1 and MAPK14 were upregulated in 
TNBC cells versus normal cells (Fig. 1E, F). These 
data suggest that the DUSP6/MAPK pathway par-
ticipates in mediating BC development.

Ssa Ag upregulates DUSP6 expression  
and inactivates the MAPK signaling pathway
The chemical structure of Ssa Ag was displayed in 
Fig. 2A. As shown by Western blot, DUSP6 protein 
level was markedly elevated in TNBC cells treated 
with Ssa Ag (1–4 μM) while MAPK1 and MAPK14 
protein levels were markedly reduced by increasing 
concentration of Ssa Ag (Fig. 2B), indicating that Ssa 
Ag upregulates DUSP6 expression and inhibits the 
MAPK pathway.

Ssa Ag suppresses cell proliferation
To explore the biological role of Ssa Ag in TNBC, 
CCK-8 assays were conducted, which demonstrated 
that the viability of TNBC cells treated with Ssa Ag (1–4 
µM) was significantly decreased vs. the control group  
(Fig. 3A). Colony formation assay indicated that colony 
numbers were markedly reduced by Ssa Ag versus the 
control and DMSO group (Fig. 3B,C). Additionally, 
the protein levels of CDK2 and Ki67 that are related to 
cell proliferation were decreased in TNBC cells treated 
with Ssa Ag (2 μM and 4 μM), as shown by Western blot 
(Fig. 3D). The findings above demonstrate that Ssa Ag 
suppresses the proliferation of TNBC cells.

Ssa Ag facilitates cell apoptosis
Flow cytometry analysis revealed that the cell apoptosis 
rate in TNBC cells treated with Ssa Ag (2–4 µM) were 
significantly increased vs. the control group (Fig. 4A).  
Additionally, caspase-3 activity analysis showed that 
the activity of caspase-3 in TNBC cells treated with 
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Figure 1. The expression of DUSP6/MAPK pathway-related genes in TNBC cells. A. DUSP6 expression at the mRNA level 
in 1085 breast cancer (BRCA) tissues and 291 normal tissues was shown in the GEPIA database (http://gepia.cancer-pku.cn/). 
B–D. The correlation between the mRNA levels of DUSP6, MAPK1, and MAPK14 genes with the prognosis of patients with 
BC was shown in the Kaplan-Meier plotter database (https://kmplot.com/). E–F. DUSP6, MAPK1, and MAPK14 expression in 
normal MCF-10A cells versus TNBC cells were measured by RT-qPCR and Western blot, respectively. *p < 0.05, **p < 0.01.
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Figure 2. Ssa Ag upregulates the DUSP6 level and inactivates the MAPK signaling pathway. A. The chemical structure of 
Ssa Ag was shown. B. TNBC cells were treated with Ssa Ag (1, 2, 4 μM) for 24 h. Western blot was performed to measure 
DUSP6, MAPK1, and MAPK14 protein levels in TNBC cells.

Ssa Ag were markedly increased (Fig. 4B). The pro-
tein level of cell apoptosis marker Bax in TNBC cells 
was increased by Ssa Ag treatment while that of Bcl-2 
was decreased by Ssa Ag (Fig. 4C). In summary, these 
results suggest that Ssa Ag promotes cell apoptosis 
in TNBC.

Ssa Ag suppresses tumor growth in TNBC
The effects of Ssa Ag on in vivo tumor growth were 
then examined. Mice were fed with Ssa Ag (15 mg/kg) 
twice a week before xenografting of MDA-MB-231 
cells by subcutaneous injections. One week after 
injection, mice were fed with Ssa Ag (15 mg/kg) for 
the next 4 weeks before sacrifice (Fig. 5A) [38]. We 
discovered that vs. the vehicle group, the size of tumors 
treated with Ssa Ag was significantly decreased (Fig. 
5B), and tumor in the Ssa Ag group grew at a slower 
speed than the control group (Fig. 5C). In addition, 
the tumor weight was markedly decreased by Snot-Ag 
versus the control group (Fig. 5D). The DUSP6 pro-

tein level in the tumors was increased by Ssa Ag while 
the levels of MAPK1 and MAPK14 were significantly 
decreased by Ssa Ag (Fig. 5E). In conclusion, Ssa Ag 
exerts a suppressive effect on tumor growth in TNBC.

Discussion

Saponins are bioactive molecules widely distributed 
in plants with rich structural and functional diversity. 
As such, they may be important substances worth 
investigating for potential drug applications [39, 40]. 
Previous studies have reported that soyasaponin ex-
erts inhibitory function on malignant phenotypes of 
cancers [38, 41–45]. In detail, soyasaponin-I markedly 
suppressed the migratory ability of BC cells and par-
ticipate in tumor cell invasion [43]. Soyasaponin Bb 
exerts promoting effect on cell apoptosis in esopha-
geal cancer [45]. In this study, we discovered that Ssa 
Ag repressed the viability and proliferation of TNBC 
cells and facilitated TNBC cell apoptosis, yielding 
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Figure 3. Ssa Ag inhibits cell proliferation in TNBC. A. TNBC cells were treated with Ssa Ag (1, 2, 4 μM) for 24 h. Cell viability 
was tested by CCK-8 assays. B–C. TNBC cells were treated with Ssa Ag (2 and 4 μM) for 24 h. The colony formation capacity 
of cells was evaluated via colony formation assays. D. TNBC cells were treated with Ssa Ag (2 and 4 μM) for 24 h. The protein 
levels of proliferation markers, CDK2 and Ki67, in TNBC cells were determined through Western blot. *p < 0.05, **p < 0.01.

similar results with previous studies. In addition, 
we conducted in vivo assays and Ssa Ag was found 
to be effective in inhibiting the volume and weight 
of tumors, further demonstrating that Ssa Ag plays  
a suppressive role in TNBC progression.

ERK signaling, a molecular switch involved in 
MAPK signaling, can be negatively regulated by 
DUSP6 [28]. Emerging studies have reported that 
DUSP6/MAPK signaling participates in the malignant 

progression of many diseases [46–51]. The activation 
of the MAPK pathway was also reported to be asso-
ciated with the tumorigenesis of TNBC. For example, 
APP overexpression increases the phosphorylation 
levels  of MAPK pathway components, including 
JNK3, MEK4, and MLK3, and the activation of the 
MAPK pathway promotes the EMT, migratory and 
invasive capabilities of MDA-MB-231 cells [52]. 
PRPF4 facilitates the growth, invasion, migration, 
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Figure 4. Ssa Ag promotes the apoptosis of TNBC cells. TNBC cells were treated with Ssa Ag (2 and 4 μM) for 24 h. A. 
TNBC cell apoptosis was assessed by flow cytometry analysis. B. Caspase-3 activity in TNBC cells was evaluated through 
caspase-3 activity analysis. C. The protein levels of apoptosis markers, Bcl-2 and Bax, in TNBC cells were analyzed through 
western blot. *p < 0.05, **p < 0.01, ***p < 0.001.

and inhibits the apoptosis of MDA-MB-468 cells 
through activating the p38 MAPK pathway [53]. The 
hyperactivation of the MEK/ERK pathway is related 
to the enhanced invasive and migratory capabilities 
of MDA-MB-231 and MDA-MB-468 cells [54]. 
Therefore, the activation of the MAPK pathway was 

demonstrated to promote the malignant behaviors of 
MDA-MB-468 and MDA-MB-231 cells. In addition, 
it has been reported that soyasaponin can attenuate 
diseases by modulating the MAPK signaling pathway 
[55]. Therefore, we speculated that Ssa Ag may mod-
ulate TNBC development and progression by modu-
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Figure 5. Ssa Ag suppresses tumor growth in vivo. A. The schematic model shows that the mice were pre-fed twice a week 
with vehicle (0.1% CMC) and Ssa Ag (15 mg/kg) for two weeks. Then, MDA-MB-231 cells were subcutaneously injected 
over the left and right thigh flanks. After one week, mice were fed regularly every other day for four weeks. B. The images 
of tumors dissected from mice were captured. C. The volume of tumors in vehicle and Ssa Ag groups was measured every  
7 days. D. the weight of tumors in vehicle and Ssa Ag groups was measured after dissection. E. The protein levels of DUSP6, 
MAPK1, and MAPK14 in vehicle and Ssa Ag groups were evaluated through Western blot. **p < 0.01, ***p < 0.001.

lating the DUSP6/MAPK pathway. Herein, with the 
help of GEPIA and Kaplan-Meier plotter, we know 
that DUSP6 is downregulated in BC tissues and brings 
poor prognosis of patients with BC. The high levels of 
MAPK1 and MAPK14 that participate in the MAPK 
signaling induce an unfavorable prognosis of patients 
with BC, indicating that DUSP6/MAPK pathway 
poses an endogenous influence on BC progression. 
Based on these data, we detected the expression of 
DUSP6, MAPK1, and MAPK14 in MDA-MB-468 and 
MDA-MB-231 cells. We discovered that DUSP6 was 
downregulated while MAPK1 and MAPK14 were up-
regulated in MDA-MB-468 and MDA-MB-231 cells 
versus normal cells. Moreover, the chemical structure 
of Ssa Ag that is pivotal to various biological functions 
was shown. Further, our study revealed that Ssa Ag 
upregulated the level of DUSP6 and downregulated 
the levels of MAPK1 and MAPK14 in TNBC cells, 
which suggests that Ssa Ag can restrain the malignant 
phenotypes of TNBC by inhibiting the DUSP6/MAPK 
signaling pathway. 

Previously, the biological effects of soyasapo-
nins in TNBC cells were widely investigated. For 
example, soyasaponin I was reported to attenuate 
the migratory capability of MDA-MB-231 cells, and 

soyasapogenin A was reported to suppress MDA-
MB-231 cell proliferation and promote cell cycle 
arrest [17–19]. In this study, Ssa Ag was discovered to 
restrain the proliferation and facilitate the apoptosis 
of MDA-MB-468 and MDA-MB-231 cells, indicating 
the anti-tumor effects of Ssa Ag in TNBC, which is 
in line with the results in previous research. Impor-
tantly, an animal study was also performed to further 
verify that Ssa Ag inhibited tumor growth in vivo via 
upregulating the DUSP6 level and inactivating the 
MAPK pathway. 

In summary, our study demonstrated that Ssa Ag 
suppresses TNBC cell proliferation and facilitates 
TNBC cell apoptosis as well as inhibits tumor growth 
by inactivating the DUSP6/MAPK pathway. Our find-
ings provide new perspectives on the investigation of 
the biological effect of Ssa Ag on TNBC development 
and suggest that Ssa Ag might be practical for the 
treatment of patients with TNBC. In addition, more 
assays are needed for evaluating cell migratory and 
invasive capabilities to further validate the suppressive 
influence of Ssa Ag on TNBC development. Since our 
research focuses on the Ssa Ag role in TNBC, the role 
of Ssa Ag in other types of BC needs investigation in 
future studies.
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