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 Background: Breast cancer is a common malignant tumor worldwide. Despite the huge advances in modern medicine, many 
patients still face a high risk of recrudescent and metastatic breast cancer. Berberine was widely implemented 
in clinic treatment of breast cancer. This study was performed to contribute to a better understanding on the 
mechanisms underlying berberine affecting breast cancer.

 Material/Methods: We mined survival data of metadherin (MTDH) in breast cancer patients through Kaplan-Meier Plotter and ana-
lyzed the transcriptional and posttranscriptional expression profile of MTDH in several breast cancer cell lines. 
The cell viability and MTDH mRNA level were detected under the si-MTDH vector and different concentrations 
of berberine. The MTDH-expression vector was transfected into MCF-7 and MDA-MB-231 cells, and the chang-
es of cell viability and apoptosis were determined after berberine (50 μM) treatment.

 Results: High MTDH expression was related to worse relapse-free survival (RFS) of breast cancer (P-value=6.2e-08). 
High-expressed MTDH is common in breast cancer cells, compared with that in normal breast cells (P<0.01). 
MTDH knockout could inhibit the viabilities of MCF-7 and MDA-MA-231 cells (P<0.01). When the concentration 
was higher than 10 μM, the suppressive effects of berberine on viability and MTDH reached significant level. 
As MTDH expression increased, the enhanced apoptosis rates of breast cancer cells by berberine were remark-
ably inhibited.

 Conclusions: High-expressed MTDH was helpful to cell proliferation and survival in breast cancer. The anti-cancer ability of 
berberine in breast cancer may be partially dependent on the regulation of MTDH.
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Background

Breast cancer is a frequent malignancy in women, especially 
in middle-aged or elder women aged between 40 and 60 
years old. However, recent researches showed that the inci-
dence of breast cancer was increasing at 2.7% per year and 
the age distribution became younger in China [1–3]. At pres-
ent, surgery in combination with radiation therapy and medi-
cine chemotherapy was the main therapeutic approach to treat 
breast cancer, however, chemotherapeutics have many severe 
side effects on healthy cells [4]. Although the combined ther-
apy of breast cancer was gradually optimized, a considerable 
portion of the patients was still at the high risk of recurrence 
and metastasis. Therefore, it is highly urgent and necessary 
to find safer and more effective therapeutic targets for the 
improvement of recurrence and metastasis of breast cancer. 
Berberine, a plant-derived compound, could be extracted from 
many Chinese herbal medicines. Berberine has been demon-
strated to contain a widely pharmacological effect, including 
antibacterial infection [5], anti-inflammatory action [6], and 
anti-hyperglycemia [7]. Studies showed that berberine also 
contained anti-cancer ability, which had a promoting effect on 
cell apoptosis while inhibiting cell proliferation in several types 
of tumors [8–10]. In 2016, Ma et al. revealed that berberine 
treatment obviously suppressed the abilities of breast cancer 
cells to proliferate and migrate via disturbing ephrin-B2 [11]. 
Meanwhile, Xie et al. demonstrated that berberine could pro-
mote the reactive oxygen species (ROS) generation and ac-
tivate mitochondrion pathway of apoptosis [12]. However, 
the detailed mechanism underlying the anti-cancer ability of 
berberine in breast cancer is still incompletely understood.

Metadherin (MTDH) was highly expressed in many types of 
cancers including colorectal [13], glioma [14], and breast can-
cers [15]. MTDH was involved in tumorigenesis and tumor 
progression in multiple aspects. In the previous study, the 
overexpression of MTDH played a vital role in carcinogenesis, 
development, metastasis, and chemoresistance of breast can-
cer [16–18]. MTDH was believed to act as an oncogene, which 
enhanced the abilities of tumor cell invasion and migration, 
resulting in an aggressive phenotype and a poor prognosis, 
thus, MTDH may have the potential to serve as a biomarker 
of breast cancer [19]. Accumulated evidence has demonstrat-
ed that MTDH knockdown could notably suppress the progres-
sion of breast cancer [10,20], and endogenous MTDH silenc-
ing contributed to enhancing the sensibility of breast cancer 
cells to tumor necrosis factor-associated apoptosis induces 
ligand (TRAIL)-mediated apoptosis [21]. These research stud-
ies suggested the potential of MTDH as a therapeutic target 
for breast cancer. Thus, in this study, we aimed to investigate 
the molecular mechanism underlying the therapeutic action 
of berberine on breast cancer.

Material and Methods

Cell culture

The normal breast cells (Hs 578Bst, #HTB-125) and human 
breast cancer cell lines (MCF-7, MCF-10A, MDA-MB-231, and 
T47D) (#HTB-22, #CRL-10317, #HTB-26, and #HTB-133™) were 
obtained from the American Type Culture Collection (Manassas, 
VA, USA) and cultured in RPMI 1640 medium (#11875119, 
ThermoScientific, Hudson, NH, USA) that supplemented with 
10% fetal bovine serum (FBS, #10099141, ThermoScientific) 
in 5% CO2 at 37°C.

The Kaplan-Meier plotter

Kaplan-Meier plotter (KMplotter; http://kmplot.com/analy-
sis/) [22] was applied to assess the prognostic value of MTDH 
expression in breast cancer. KMplotter is an online database 
that provides assessment of the effect of 54 675 genes on sur-
vival using 10 293 cancer samples derived from GEO (Gene 
Expression Omnibus), TCGA (The Cancer Genome Atlas), and 
EGA (European Genome-phenome Atlas) databases, includ-
ing 22 277 genes in 4142 patients with breast cancer. In our 
analysis, patients were divided into high and low expression 
groups by median values of mRNA expression level of MTDH 
and survival analyses were performed without follow-up re-
strictions. The number of cases, hazard ratio (HR) and log rank 
P-value were obtained from the webpage of the KM plotter.

Plasmid construction and transfection

The sequences of siRNA specific targeting the MTDH tran-
scripts were purchased from Wuhan Genesil Biotechnology 
Co., Ltd. (Wuhan, China). For MTDH-siRNA (si-MTDH): 
5’-AACAGAAGAAGAAGAACCGGA-3’, the MTDH overexpres-
sion vector and negative control (NC) were imported into a 
pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA). After being 
incubated into 6-well plates (3×105 cell/well) for 24 hours, cells 
were transfected with MTDH, si-MTDH and negative control 
vectors (100 nM) using Lipofectamine 2000 (Invitrogen) and 
incubated in 5% CO2 at 37°C with high humidity for 6 hours. 
Finally, the cells were transferred to complete medium with 
10% FBS for further culture.

Cell Counting Kit-8 (CCK-8) assay

The cell viability was determined using Cell Counting Kit-8 
(CCK-8) assay (Dojindo, Kumamoto, Japan). Cells were cul-
tured with 200 μL medium in 96-well plates (4×103 cells/well) 
containing berberine (0, 1, 10, 50, 100, and 200 μM, #BP1108, 
Sigma-Aldrich) and maintain at 37°C in 5% CO2. After 24 
and 48 hours, cells were transferred to culture with CCK-8 
reagent for 2 hours. The absorbance was examined on 
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a microplate reader at 450 nm (CANY, Shanghai, China). 
The concentration of berberine that caused 50% inhibition of 
breast cancer cell activity was defined as IC50. The inhibition 
rate was calculated using the following formula: Inhibition 
rate (%)=(1–ODtreated/ODcontrol)×100%.

Flow cytometer for apoptosis detection

MCF-7 and MDA-MB-231 cells were seeded into 96-well plates 
(4×103 cells per well) for incubation. After removing culture 
medium, the cells were washed and then resuspended with a 
binding buffer consisting of propidium iodide (PI) and annexin 
V-fluorescein isothiocyanate (V-FITC). The stained cells were 
blocked in the dark for 15 minutes. Apoptosis rates were sub-
sequently determined by flow cytometry on a Cytomics FC 500 
flow cytometer (Beckman Coulter, Inc., Brea, CA, USA)

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA from all treated cells were extracted following the in-
structions of TRIzol reagent (Invitrogen). The purified RNA was 
used as the template for cDNA synthesis by PrimeScript RT re-
agent kit (Takara), and the reaction parameter was as follows: 
firstly, at 65°C for 5 minutes, secondly, at 30°C for 6 minutes 
and finally at 50°C for 60 minutes. The MTDH expression levels 
in breast cell lines and normal breast cells were determined by 
SYBR green detection (Takara) using ABI 7500 Fast Real-Time 
PCR System (Foster City, CA, USA). All primers were shown in 
Table 1 and the reaction mixture contained 1 μL forward and 
reverse primers (10 μM), 10 μL SYBR fluorescent dye, 2 μL cDNA 
and RNase Free dH2O. The reaction was conducted at 94°C for 
3 minutes, subsequently at 94°C for 30 seconds, at 55°C for 
30 seconds and at 72°C for 2 minutes for 40 cycles. The mRNA 
level of GAPDH served as an internal control. The 2–DDCt method 
was employed in calculating relative mRNA levels.

Western blot

MCF-7 and MDA-MB-231 cells were solubilized in RIPA lysis 
buffer. Protein samples were subjected by 10% SDS/PAGE 
and transferred to polyvinylidene fluoride (PVDF) membranes 
(ThermoScientific), and then blocked in 1×TBST buffer, followed 
by culturing with primary antibodies. After that, membranes 
were subsequently incubated with the second antibody (anti-
rabbit IgG, HRP-linked antibody, #7074, 1: 2000, Cell Signaling 
Technology, CST, Danvers, MA, USA) for 1 hour at room tem-
perature. The signals were detected using a chemiluminescent 
detection system, and densities of bands were quantified by 
ImageJ software. GAPDH was examined as a loading control. 
All primary antibodies, including anti-GAPDH (1: 1000, #2118), 
Metadherin (1: 1000, #14065), anti-B-cell lymphoma 2 (Bcl-2) 
(#4223) and anti-Bax (#5023), were obtained from CST.

Statistical analysis

All data were shown as means±SEM. Statistical significance was 
analyzed by one-way analysis of variance or Student’s t-test 
using SPSS. Statistical significance was determined as P<0.05.

Results

High-expressed MTDH worsened relapse-free survival 
(RFS) in breast cancer

To investigate the prognostic significance of MTDH, the Kaplan-
Meier survival analysis was applied for the determination of the 
relapse-free survival (RFS) of patients. And our results showed 
that high MTDH expression trended toward shorter RFS than 
that in low MTDH expression group (P=6.2e-08, Figure 1A). 
These results indicated a significant association between the 
high-expressed MTDH and worse RFS.

High MTDH expression was frequent in breast cancer cells

According to the results in Figure 1B, 1C and 1D, the expres-
sions of MTDH in MCF-7, MCF-10A, and MDA-MB-231 cells were 
greatly higher than those in normal breast cells (Hs 578Bst) 
(P<0.01). However, there was no significant difference in 
the expression of MTDH between T47D and Hs 578Bst cells. 
Considering that the relative level of MTDH was the highest 
in MCF-7 and MDA-MB-231 cells (P<0.01) (Figure 1B–1D), both 
were chosen for subsequent experiments.

MTDH knockdown obviously suppressed the viabilities of 
MCF-7 and MDA-MB-231 cells

After transfection with si-MTDH, we measured the changes 
in breast cancer cell viability. Si-MTDH could significantly in-
hibit the MTDH expression in MCF-7 and MDA-MB-231 cells 
(Figure 2A, 2C). In the meanwhile, MTDH inhibition could ef-
fectively reduce the cell viabilities in MCF-7 and MDA-MB-231 
cells at 24 h (p<0.05), and such a negative effect was strength-
ened over time (p<0.01) (Figure 2B, 2D).

Gene name Primer sequences

MTDH
Forward: 5’-GAGAAGCCCAAACCAAAT-3’

Reverse: 5’-ATCAGTCAGCACCTTATCAC-3’

GAPDH
Forward: 5’-ACCACAGTCCATGAAATCAC-3’

Reverse: 5’-AGGTTTCTCCAGGCGGCATG-3

Table 1. Primers for qRT-PCR.

qRT-PCR – quantitative real time polymerase chain reaction; 
MTDH – metadherin.
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Berberine inhibited MCF-7 and MDA-MB-231 cell viabilities 
in concentration- and time-dependent manners

MCF-7 and MDA-MB-231 cells were subjected to various concen-
trations of berberine treatment (0, 1, 10, 50, 100, and 200 μM). 
Our preliminary experiments showed that MCF-7 cells had an 
IC50 value of 102.34±27.4 μM, while MDA-MB-231 had an 
IC50 value of 158.64±38.59 μM. As shown in Figure 3A and 3C, 
MCF-7 cell viability was much decreased as the concentration 
of berberine increased, similarly, in MDAMB-231 cells, the cell 
viability was also obviously decreased. We also measured the 
mRNA levels of MTDH in MCF-7, and MDA-MB-231 cells treat-
ed with berberine, and found that berberine affected slightly 
the cell viability when the concentration was less than 10 µM, 
however, the inhibitory effect continued to increase when the 
concentration was higher than 50 μM (P<0.01) (Figure 3B, 3D). 
Importantly, although the apoptosis rate in 100 μM treatment 

group was slightly higher than that in 50 μM berberine group, 
microscope observation showed that the proportion of cell rup-
ture in 100 μM group was greatly more than the 50 μM group. 
Therefore, considering the purpose of this study, we suggest-
ed that 50 μM of berberine was more appropriate to be the 
experimental concentration.

Overexpressed MTDH reversed the inhibitory effects of 
berberine on MCF-7 and MDA-MB-231 cells

As demonstrated in Figure 4A, the MTDH vector has stably 
exerted its role in MCF-7 cells. The result of cell viability de-
tection showed that MTDH overexpression could notably off-
set the negative effect of berberine on MCF-7 cell viabilities, 
compared to berberine and NC+berberine groups (P<0.01, 
Figure 4B). As shown in Figure 4C and 4D, the treatment of 
berberine markedly enhanced the apoptosis rate. Meanwhile, 
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Figure 1.  The ectopic expression of MTDH showed a possible association with worse RFS in breast cancer. (A) The prognostic value 
of MTDH in breast cancer patients for RFS (OS). (B–D) The relative levels of MTDH in several breast cancer cell lines (MCF-7, 
MCF-10A, MDA-MB-231, and T47D) and normal breast cell (Hs 578Bst cells) were determined by qRT-PCR and western blot. 
Each value was represented as mean±SEM (n=3). GAPDH served as an internal control. ** P<0.01 versus Hs 578Bst cells. 
MTDH – metadherin; RFS – relapse-free survival; OS – overall survival; qRT-PCR – quantitative real time polymerase chain 
reaction; SEM – standard error of the mean.
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the apoptosis rate of MTDH+berberine group was reduced from 
20% to 14% (P<0.01) in berberine and NC+berberine groups.

To further confirm the effects of MTDH on MCF-7 cell apopto-
sis, we also detected Bcl-2 and Bax protein levels. As listed in 
Figure 4E and 4F, berberine had a notably inhibitory effect at 
MTDH and Bcl-2 protein levels (P<0.01) and it enhanced the 
Bax expression (P<0.01). The overexpressed MTDH partially 
rescued the effects of berberine on Bcl-2 and Bax. In addition, 
the effects of MTDH overexpression on cell viability, apoptosis 
rate and apoptosis-associated protein levels of MDA-MB-231 
cells were shown in Figure 5A–5F, which was basically consis-
tent with the changes in MCF-7 cells. Therefore, our findings 
suggested that overexpressed MTDH reversed the inhibitory 
effects of berberine and enhanced the apoptosis rate of MCF-7 
and MDA-MB-231 cells.

Discussion

Breast cancer seriously affects female health and is also a com-
mon malignant tumor worldwide. The incidence of breast can-
cer had an approximately 10-fold increase in China during the 
last 10 years [23]. MTDH, a recognized cancer gene, is widely 
involved in the pathogenesis and progression of multiple can-
cers and plays a vital role in the epithelial-mesenchymal tran-
sition (EMT) process of tumor cell [24]. Numerous researches 
demonstrated that berberine could be widely implemented in 
clinic treatment and it contributed to impeding the develop-
ment of a variety of cancers [11,25]. Berberine also had the 
ability to increase cancer therapy sensitization to assist che-
motherapy [26]. However, there are currently limited research-
es about the mechanisms underlying the anti-cancer ability of 
berberine in breast cancer. In this study, our results indicat-
ed that the ability of berberine to inhibit cell viability and in-
duce apoptosis in breast cancer may be dependent on imped-
ing MTDH expression.
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Figure 2.  Knockdown of MTDH suppressed the viabilities of MCF-7 and MDA-MB-231 cells. To investigate the role of MTDH in breast 
cancer, si-MTDH was transfected into MCF-7 and MDA-MB-231 cells. (A) The transfection efficiency of si-MTDH in MCF-7 cells 
was measured by qRT-PCR. (B) The changes in MCF-7 cell viability were performed by CCK-8 kit. (C) The transfection efficiency 
of si-MTDH in MDA-MB-231 cells was evaluated by qRT-PCR. (D) The changes in MDA-MB-231 cell viability were detected by 
CCK-8 kit. Each value represents mean±SEM (n=3). GAPDH served as an internal control. * P<0.05, ** P<0.01 versus control 
group; ^ P<0.05, ^^ P<0.01 versus si-NC group. MTDH – metadherin; RFS – relapse-free survival; OS – overall survival; 
qRT-PCR – quantitative real time polymerase chain reaction; SEM – standard error of the mean; CCK-8 – Cell Counting Kit-8.
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The ectopic expression of MTDH could induce several biologi-
cal behaviors of breast cancer cells such as proliferation, angio-
genesis, invasion and metastasis and drug resistance, ultimately 
resulting in a poor prognosis [27]. In our results, high levels of 
MTDH were found in MCF-7, MCF-10A, and MDA-MA-231 cells. 
Meanwhile, the Kaplan-Meier survival analysis indicated that a 
high expression of MTDH exhibited a close relation with a poor 
prognosis. Previous studies demonstrated that the inhibition of 
MTDH by microRNAs could suppress the cell proliferation and 
motility of breast cancer, and subsequently, inhibit EMT process 
to prevent tumor progression [20,28], which was consistent with 
our results that the knockdown of MTDH induced remarkable 
inhibitions in cell viabilities of MCF-7 and MDA-MA-231 cells. 
Therefore, our data suggested that high-expressed MTDH might 
be highly associated with the poor prognosis in breast cancer.

To further investigate the functions of berberine in breast can-
cer, the cell viability and MTDH mRNA level in breast cancer 
were determined under various concentrations of berberine. 

Several types of research proved that the concentration of ber-
berine could negatively regulate the invasive and migratory 
abilities of MCF-7 cells [29]. At this point, the downregulation 
of cell viability and MTDH levels in MCF-7 and MDA-MA-231 
cells suggested that the therapeutic effects of berberine were 
positively correlated with the concentration. In addition, we 
observed the duration of berberine treatment is also a key fac-
tor in the suppressive effects on tumor development. Thus, 
our findings indicated that berberine reduced the viabilities 
of MCF-7 and MDA-MA-231 cells and MTDH mRNA level in the 
concentration- and time-dependent manner.

Finally, MTDH overexpression vector was transfected into 
MCF-7 and MDA-MA-231 cells. As the expression of MTDH 
increased, berberine (50 μM) could have markedly inhibit-
ed the viabilities of MCF-7 and MDA-MA-231 cells, indicating 
that berberine inhibiting breast cancer development might 
be mediated through regulating MTDH expression. Both Bcl-2 
and Bax have been reported to work as the most important 
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Figure 3.  Berberine induced inhibition of MCF-7 and MDA-MB-231 cell viabilities in a concentration-manner. (A) The viabilities 
of MCF-7 cells were shown by CCK-8 kit under the treatment of various concentrations of berberine (0, 1, 10, 50, 100, 
and 200 μM). (B) The changes in MTDH mRNA levels in MCF-7 cells were determined by qRT-PCR. (C) The viabilities of 
MDA-MB-231 cells were detected by CCK-8 kit under the treatment of various concentrations of berberine. (D) The changes 
in MTDH mRNA expression of MDA-MB-231 cells were investigated by qRT-PCT. Each value was represented by 
mean±SEM (n=3). GAPDH served as an internal control. * P<0.05, ** P<0.01 versus control group. MTDH –metadherin; 
qRT-PCR – quantitative real time polymerase chain reaction; SEM – standard error of the mean.
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apoptotic indexes [30]. To further verify the changes of apop-
tosis rate in the breast cancer cells, we measured the Bcl-2 
and Bax levels. Previous studies identified that the downreg-
ulated Bcl-2 expression and upregulated Bax expression con-
tributed to cell apoptosis [31]. In the current study, the results 
of flow cytometer were consistent with these researches, and 
we found that overexpression of MTDH can reverse the ber-
berine-induced elevated apoptosis rate and decreased viabil-
ity in MCF-7 and MDA-MA-231 cells. Based on these results, 
the suppressive ability of berberine on the cell viability and 
apoptosis was suggested to be highly associated with the reg-
ulation of MTDH expression in breast cancer cells. In addition, 
the previous study indicated that berberine could effectively 

inhibit tumor growth in the MDA-MB-231 xenograft mouse 
model [32]. However, our study did not perform the experi-
ments in vivo. Due to the complex and changeable tumor mi-
croenvironment in vivo, whether berberine could also repress 
MTDH to inhibit the growth and development of breast can-
cer in vivo still requires further investigation.

There are some limitations in our study. For instance, although 
our study demonstrated that the treatment of berberine could 
significantly suppress breast cancer cell proliferation and sur-
vival in vitro through repressing MTDH expression, but whether 
the inhibitory effects of berberine on MTDH can be able to be 
applied to solid tumors in body still need to be further verified.
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Figure 4.  Overexpressed MTDH partially reversed the inhibitory effects of berberine (50 μM) on MCF-7 cells. In order to study 
whether the anti-cancer ability of berberine in breast cancer was associated with the regulation of MTDH, MTDH 
overexpression vector was transfected into MCF-7 cells before the treatment of berberine. ** P<0.01 versus control group; 
^^ P<0.01 versus NC group. (A) The transfection efficiency was assessed by qRT-PCR. (B) The changes in viability of MCF-7 
cells were determined by CCK-8 kit. (C, D) The effects of MTDH overexpression on the berberine-induced increased apoptosis 
rate of MCF-7 cells were detected by flow cytometry. (E, F) The MTDH protein level and apoptotic factors (Bcl-2 and Bax) 
were detected by western blot. Each value was represented by mean±SEM (n=3). GAPDH served as an internal control. 
** P<0.01 versus control group; ## P<0.01 versus berberine group; && P<0.01 versus NC+berberine group; ^^ P<0.01 versus 
MTDH group. MTDH – metadherin; qRT-PCR – quantitative real time polymerase chain reaction; CCK-8 – Cell Counting Kit-8; 
SEM – standard error of the mean.
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Figure 5.  Overexpressed MTDH partially reversed the inhibitory effects of berberine (50 μM) on MDA-MB-231 cells. In order to 
study whether the anti-cancer ability of berberine in breast cancer was associated with the regulation of MTDH, MTDH 
overexpression vector was transfected into MDA-MB-231 cells before the treatment of berberine. (A) The transfection 
efficiency of MTDH overexpression vector in MDA-MB-231 cells was assessed by qRT-PCR. ** P<0.01 versus control group; 
^^ P<0.01 versus NC group (B) The changes in viability of MDA-MB-231 cells were measured by CCK-8. (C, D) The effects 
of MTDH overexpression on the berberine-induced increased apoptosis rate of MDA-MB-231 cells were performed by 
flow cytometry. (E, F) The MTDH protein level and apoptotic factors (Bcl-2 and Bax) were detected by western blot. 
Each value was represented by mean±SEM (n=3). GAPDH served as an internal control. ** P<0.01 versus control group; 
## P<0.01 versus berberine group; && P<0.01 versus NC+berberine group; ^^ P<0.01 versus MTDH group. MTDH – metadherin; 
qRT-PCR – quantitative real time polymerase chain reaction; CCK-8 – Cell Counting Kit-8; SEM – standard error of the mean.

Conclusions

We observed that the ectopic expression of MTDH may be asso-
ciated with poor prognosis of breast cancer. Berberine showed 
inhibitory effects on cell viabilities and MTDH mRNA levels in 
MCF-7, and MDA-MA-231 cell in a concentration-manner. We 
further transfected MTDH overexpression vector into breast 
cancer cells and found that the elevated MTDH expression 
could significantly reverse the suppressive effects of berberine 

on cell proliferation and survival in breast cancer. These data 
indicated that the anti-cancer effects of berberine on breast 
cancer may partially rely on the regulation of MTDH. In ad-
dition, MTDH might be considered as a valuable prognostic 
marker of breast cancer prognosis.
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