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Abstract. Breast cancer is the most common malignancy 
in women, and was the second highest cause of mortality in 
women in 2013. Matrix metalloproteinase-16 (MMP-16) is an 
enhancer of the invasion of breast cancer cells. The expres-
sion of microRNA‑146a (miR‑146a) has been reported to be 
significantly greater in patients with breast cancer compared 
with healthy controls. Catalpol is one of the main active 
ingredients of Rehmannia, of which the key pharmacological 
effects are antitumoral and antiproliferative. The present study 
was performed to investigate the effect of catalpol on breast 
cancer and to explore the potential therapeutic mechanisms. 
Cell proliferation was investigated using an MTT assay, and 
caspase‑3 activity assays and flow cytometry were used to 
assess apoptosis in MCF‑7 breast cancer cells. The expression 
levels of MMP‑16 and miR‑146a were investigated using gelatin 
zymography assays and reverse transcription-quantitative poly-
merase chain reaction, respectively. In addition, MCF‑7 cells 
were transfected with miR‑146a and anti‑miR‑146a to further 
investigate the effects of catalpol. The results demonstrated 
that catalpol reduced proliferation and promoted apoptosis in 
MCF‑7 cells, reducing MMP‑16 activity and increasing the 
expression of miR‑146a in MCF‑7 cells. This suggests that 
miR‑146a may regulate and control the expression levels of 
MMP‑16 in MCF‑7 cells. In conclusion, catalpol suppresses 
proliferation and facilitates apoptosis of MCF‑7 breast cancer 

cells through upregulating miR‑146a and downregulating 
MMP-16 expression.

Introduction

Breast cancer is the most common malignancy in women 
worldwide presenting as a key factor affecting women's health, 
and ranks second (to lung cancer) in the rate of mortality of 
women in 2013 (1). With the accelerating urbanization of China, 
breast cancer incidence and mortality are increasing (2,3). The 
development of comprehensive treatments has led to improved 
therapeutic efficacy in breast cancer, however there remains 
a considerable number of patients experiencing recurrence or 
resistance to conventional treatment (4).

Matrix metalloproteinases (MMPs) are zinc dependent 
neutral proteases, which exhibit combined actions to degrade 
all extracellular and basement membrane components  (5). 
The activity regulation of MMP serves an important role in 
the process of tissue reconstruction and inflammation, and in 
the growth, invasion and metastasis of tumors (1). Previous 
studies demonstrated that MMP‑2 and ‑9 are overexpressed 
in a variety of solid malignant tumors, potentially promoting 
tumor invasion, metastasis and angiogenesis through the 
disruption of the basement membrane and the extracellular 
matrix (6). In addition, studies have demonstrated that levels 
of MMP‑2  and  9 are correlated with the proliferation of 
tumor cells and apoptosis of endothelial cells (7,8). MMP‑15, 
‑16 and ‑17 are membrane‑type MMPs and are able to degrade 
the ECM and activate MMP‑2 and ‑13 (4,5). Additionally, 
MMP‑16 has been demonstrated to be an enhancer of breast 
cancer cell invasiveness (9,10).

MicroRNAs (miRNAs) are a class of non‑coding 
single‑stranded RNA molecules with a length of approxi-
mately 22 nucleotides, which exist widely in eukaryotic cells. 
miRNAs bind to specific mRNA molecules to inhibit protein 
translation or regulate protein expression, with certain vari-
eties able to degrade mRNA (11). At present, approximately 
500 miRNAs have been identified in the human genome, and 
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200 miRNA sequences have been identified to be associated 
with cancer (12). Specific alterations in miRNA expression 
are able to initiate and promote the occurrence of cancer, and 
certain miRNAs may affect oncogenes and tumor suppressor 
genes  (13,14). Expression of microRNA‑146 has been 
demonstrated to reduce metastatic potential in breast cancer 
cells through the downregulation of nuclear factor κB (15). 
Furthermore, the expression levels of miRNA‑146a (miR‑146a) 
are significantly higher in patients with breast cancer, when 
compared with healthy controls (16). 

Catalpol is one of the key active ingredients of Rehmannia, 
which has effects on the nervous and cardiovascular systems, 
in addition to exhibiting antihyperglycemic, antitumor and 
antiproliferative activities (17‑19). However, previous studies 
have only demonstrated that catalpol is able to reproduce the 
diuretic, laxative and hypoglycemic effects of Rehmannia (20). 
The present study aimed to investigate whether catalpol 
inhibited cancer growth by upregulating microRNA‑146a and 
downregulating MMP‑16 expression.

Materials and methods

Chemicals and reagents. Catalpol (purity  ≥  98%) was 
obtained from Sigma‑Aldrich (St. Louis, MO, USA) and the 
chemical structure is presented in Fig. 1. Dulbecco's modi-
fied Eagle's medium (DMEM) and fetal calf serum (FCS) 
were obtained from Gibco Life Technologies (Carlsbad, CA, 
USA). 3‑3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) and the Caspase‑3 Colorimetric Assay kit were 
purchased from Sangon Biotech Co., Ltd. (Shanghai, China). 
The Annexin V‑Propidium Iodide (PI) Apoptosis Detection 
kit was obtained from BestBio (Shanghai, China). TRIzol 
was obtained from Tiandz, Inc. (Beijing, China). TaqMan®, 
the ABI 7900 Real‑Time Polymerase Chain Reaction (PCR) 
machine (Applied Biosystems Life Technologies, Foster City, 
CA, USA) and SYBR® Green kit were obtained from Qiagen, 
Inc. (Valencia, CA, USA).

Cell culture. The human breast cancer MCF‑7 cell line was 
purchased from the Animal Experiment Center of Binzhou 
Medical University (Yantai, China) and cultured with DMEM 
containing 10% FCS with penicillin (100 U/ml) and streptomycin 
(100 U/ml), which were both purchased from Sigma‑Aldrich. 
The cells were maintained in a humidified chamber at 37˚C in 
5% CO2 and culture media was renewed every 2‑3 days.

MTT assay. Following culture of MCF‑7 cells with catalpol (0, 
25, 50 and 100 µg/ml) (21) for 0, 24, 48 and 72 h, the viability 
of MCF‑7 cells was determined using the MTT assay. MTT 
(~10 µl, 5 mg/ml; Sangon Biotech Co., Ltd.) was added to each 
well and cells were incubated for 4 h in a humidified chamber 
at 37 ˚C in 5% CO2. Subsequently, the culture medium was 
removed and 150  µl dimethyl sulfoxide (Invitrogen Life 
Technologies, Carlsbad, CA, USA) was added to each well, 
which were then agitated for 20 min at room temperature. Cell 
viability was determined using an ELISA reader (Thermo 
Fisher Scientific, Waltham, MA, USA) at 570 nm.

Caspase‑3 activity assays. Following culture of MCF‑7 cells 
with catalpol (0, 25, 50 and 100 µg/ml) for 48 h, the activity 

of caspase‑3 was measured using the Caspase‑3 Colorimetric 
Assay kit (Sangon Biotech Co., Ltd.). The level of caspase‑3 
activity was measured at 405 nm with the ELISA reader.

Flow cytometry. Following culture of MCF‑7  cells with 
catalpol (0, 25, 50 and 100 µg/ml) for 48 h, apoptosis was 
measured using the Annexin V‑PI Apoptosis Detection kit 
according to the manufacturer's instructions (BestBio) and 
the fluorescence intensity was detected using flow cytometry 
(Beckman Coulter, Inc., Brea, CA, USA).

Gelatin zymography assays of MMP‑16. The MMP‑16 level in 
MCF‑7 cells was measured by gelatin zymography. Samples 
(~20 µl) were collected and placed into new centrifuge tubes. 
Equal volumes (50 µl) of vitreous samples were mixed with 
sodium dodecyl sulfate (SDS) sample buffer (Invitrogen 
Life Technologies). The miscible liquids were run through 
10% SDS‑PAGE gels (Invitrogen Life Technologies) polymer-
ized with 1 mg/ml gelatin. Subsequent to electrophoresis, the 
gel was washed three times for 20 min at room temperature 
in 2.5%  Triton  X‑100 (Invitrogen Life Technologies) to 
remove SDS, and incubated in a reaction buffer (Invitrogen 
Life Technologies) at 37˚C for 12  h. Following incuba-
tion, the gel was stained with 0.05% Coomassie® Brilliant 
Blue R‑250 (Amresco, LLC, Solon, OH, USA) followed by 
destaining with washing buffer (45% methanol, 10% acetic 
acid) until the bands were clear. MMP‑16 was quantified 
through densitometer measurement using an image-analysis 
system (Image Lab™ software; Bio-Rad Laboratories, Inc., 
Hercules, CA, USA).

Reverse transcription‑quantitative PCR analysis of miR‑146a 
expression. Total RNA was extracted from MCF‑7 cell samples 
using TRIzol according to the manufacturer's protocol. cDNAs 
were synthesized using TaqMan® and the ABI 7900 Real‑Time 
PCR machine, according to the manufacturer's instructions. 
The expression of miR‑146b was detected with the SYBR® 
Green kit according to the manufacturer's instructions. The 
primer sequences were as follows: miR‑146a, forward 5'-CTA​
GCT​AGC​GGC​CGC​TAG​TAA​CCC​ATG​GAA​TTC​AGT​TCT​
CAG-3' and reverse 5'-TCG​ACT​GAG​AAC​TGA​ATT​CCA​
TGG​GTT​ACT​AGC​GGC​CGC​TAG-3'; U6, forward 5'-TGA​
CTT​CAA​CAG​CGA​CAC​CCA-3' and reverse 5'-CAC​CCT​
GTT​GCT​GTA​GCC​AAA-3'. The cycling conditions were as 
follows: 95˚C for 60 sec, 40 cycles of 95˚C for 30 sec and 60˚C 
for 45 sec, then 72˚C for 30 sec. The U6 gene was used as an 
internal control to normalize variances.

Transfection of miR‑146a and anti‑miR‑146a. miR‑146a and 
anti‑miR‑146a plasmids were designed by and purchased from 
BioSune Biotechnology Co, Ltd. (Shanghai, China). The plasmids 
were transfected into MCF‑7 cells using Lipofectamine 2000 
(Invitrogen Life Technologies) according to the manufacturer's 
instructions. Following transfection for 24 h, MCF‑7 cells were 
treated with catalpol (50 µg/ml) for 48 h.

Statistical analysis. The data were analyzed with SPSS software, 
version 17.0 (SPSS, Inc., Chicago, IL, USA) in the current study. 
To compare the two groups, Student's t‑test was used. P<0.05 
was considered to indicate a statistically significant difference.
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Results

MTT analysis and the activity of caspase‑3. An MTT assay 
was used to determine whether the antiproliferative effect of 
catalpol (0, 25, 50 and 100 µg/ml) reduced the proliferation 
of MCF‑7 cells. The effect of catalpol was dose‑dependent, 
as increasing concentrations of catalpol further reduced the 
proliferation of MCF‑7 cells (Fig. 2A). In addition, the effect 
of catalpol was time‑dependent (Fig. 2A). Following treat-
ment with catalpol (50 and 100 µg/ml) for 48 h, the activity 
of caspase‑3 in MCF‑7  cells was significantly increased 
(P<0.01; Fig. 2B).

Flow‑cytometric analysis for the detection of apoptosis. 
To determine whether MCF‑7 cells undergo apoptosis upon 
treatment with catalpol (0, 25, 50 and 100 µg/ml) for 48 h, 

annexin V‑IP was used to measure the apoptotic cells. The 
addition of catalpol (0, 25, 50 and 100 µg/ml) for 48 h induced 
concentration‑dependent apoptosis of MCF‑7 cells (Fig. 3). The 
percentage of apoptotic MCF‑7 cells in the 50 and 100 µg/ml 
catalpol groups was significantly increased (P<0.01; Fig. 3).

Catalpol inhibits expression of MMP‑16. To investigate the 
effect of catalpol upon MMP‑16, a gelatin zymography assay 
was used to analyze the MMP‑16 protein levels in MCF‑7 cells 
(Fig. 4). When treated with catalpol (50 and 100 µg/ml) for 
48 h, the MMP‑16 protein levels in MCF‑7 cells were signifi-
cantly reduced (P<0.01; Fig. 4).

Catalpol increases miR‑146a expression. As expression of 
miR‑146a had been previously observed in MCF‑7 cells (22), 
its expression was investigated following treatment with 

Figure 1. The chemical structure of catalpol.

Figure 2. MTT analysis and caspase‑3 activity measurement. (A) Catalpol 
treatment inhibited MCF‑7 cell growth. (B) Activity of caspase‑3 was sig-
nificantly increased following treatment. *P<0.01 vs. the 0 µg/ml catalpol 
treatment group.

  A

  B

Figure 3. Flow‑cytometric analysis for cellular apoptosis. Catalpol signifi-
cantly increased apoptosis of MCF‑7 cells following 48 h treatment. *P<0.01 
vs. the 0 µg/ml catalpol treatment group. FCM, flow cytometry.

Figure 4. Inhibition effect of catalpol on MMP‑16. (A) MMP‑16 activity 
was reduced in a dose‑dependent manner in MCF‑7 cells following treat-
ment with catalpol as measured by gelatin zymography. (B) Quantification 
of MMP‑16 protein level. *P<0.01 vs. the 0 µg/ml catalpol treatment group. 
MMP‑16, matrix metalloproteinase‑16.

  A

  B
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catalpol. The expression of miR‑146a in MCF‑7 cells was 
demonstrated to increase following treatment with catalpol 
(0, 25, 50 and 100  µg/ml) for 48  h (Fig.  5). Treatment 
with 50  and  100  µg/ml catalpol resulted in a significant 
increase in the level of miR‑146a expression in MCF‑7 cells 
(P<0.01; Fig. 5).

Overexpression of miR‑146a and MMP‑16 expression. 
To further investigate the role of miR‑146a expression in 
MCF‑7  cells, cells were transfected with miR‑146a. The 
results demonstrated that overexpression of miR‑146a signifi-
cantly increased the expression of miR‑146a in MCF‑7 cells 
(P<0.01; Fig. 6A). In addition, overexpression of miR‑146a also 
reduced the expression of MMP‑16 in MCF‑7 cells (Fig. 6B).

Anti‑miR‑146a is able to reverse the effect of catalpol. To 
further investigate the association between catalpol and 
miR‑146a expression, anti‑miR‑146a was transfected into 
MCF‑7 cells that were subsequently treated with catalpol. 
Transfection of MCF‑7 cells with anti‑miR‑146a resulted in a 
significant reduction in miR‑146a expression (P<0.01; Fig. 7A). 

Following treatment with 50 µg/ml catalpol, expression of 
anti‑miR‑146a significantly reduced the effect of catalpol 
on cellular proliferation (P<0.01; Fig. 7B) and apoptosis in 
MCF‑7 cells (P<0.01; Fig. 7C). Furthermore, anti‑miR‑146a 
prevented the reduction in MMP‑16 levels following catalpol 
treatment of MCF‑7 cells (P<0.01; Fig. 7D).

Discussion

Breast cancer is the most common malignancy in women 
in numerous countries and regions, presenting a serious 
threat to women's health (9). In China, a trend towards rapid 
growth in incidence rates has been observed. In the present 
study, the effect of catalpol was demonstrated to reduce the 

Figure 5. Catalpol activates miR‑146a expression. Catalpol treatment 
increased the expression of miR‑146a dose‑dependently. *P<0.01 vs. the 
0 µg/ml catalpol treatment group. miR‑146a, microRNA‑146a.

Figure 6. Overexpression of miR‑146a and MMP‑16 expression. (A) miR‑146a 
plasmids significantly increased the expression of miR‑146a. (B) Transfection 
with miR‑146a reduced MMP‑16 expression. *P<0.01 vs. the control group. 
miR‑146a, microRNA‑146a; MMP‑16, matrix metalloproteinase‑16.

  A

  B

Figure 7. Anti‑miR‑146a is able to reverse the effect of catalpol. 
(A) Anti‑miR‑146a significantly reduced the expression of miR‑146a in 
MCF‑7 cells. (B) Following treatment with catalpol (50 µg/ml) for 48 h, 
anti‑miR‑146a increased cellular proliferation. (C) Following treatment with 
catalpol (50 µg/ml) for 48 h, anti‑miR‑146a reduced apoptosis of MCF‑7 
cells. (D) Anti‑miR‑146a significantly increased MMP‑16 activity in MCF‑7 
cells following catalpol (50 µg/ml) treatment at 48 h. *P<0.01 vs. the 0 µg/ml 
catalpol treatment group, #P<0.01 vs. the catalpol‑treated group transfected 
with negative control. miR‑146a, microRNA-146a; MMP‑16, matrix metal-
loproteinase‑16.

  A

  B

  C

  D
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proliferation of MCF‑7 cells in a time‑ and dose‑dependent 
manner. Previously, it was observed that catalpol is able to 
inhibit the A2780 sensitive ovarian cancer cell line (23). The 
present study demonstrated that catalpol is additionally able 
to promote apoptosis and increase the activity of caspase‑3 in 
MCF‑7 cells. Wang et al (24) reported that catalpol attenuated 
ischemia‑induced apoptotic death via suppressing the activa-
tion of caspase‑3. Liang et al (25) observed that treatment with 
catalpol attenuated neuronal apoptosis also through regulating 
the activity of caspase‑3 and ‑9.

The growth, invasion and metastasis of tumor cells is a 
complex process with multiple steps and stages. MMPs are 
involved in the process by which tumor cells degrade the 
basement membrane, infiltrate into the surrounding matrix 
to induce angiogenesis, approach adjacent lymphatic vessels, 
penetrate endothelial cells of the basement membrane and 
form secondary tumors (26). Different tumor types express 
different MMPs, and the degree to which breast cancer is 
malignant is positively correlated with the overexpression of 
MMP‑2 and ‑9 (27). In the present study, it was demonstrated 
that treatment with catalpol was able to reduce the level of 
MMP‑16 protein expression in MCF‑7 cells. Previous studies 
indicate that catalpol possesses activity against human 
epidermoid carcinoma, human rhabdomyosarcoma, transgenic 
murine L‑cells cancer cell lines and African green monkey 
kidney cells (28,29).

Previous studies have demonstrated that miRNA is 
involved in the occurrence and development of tumors 
by targeting important tumor‑associated genes  (30‑32). 
miR‑101, ‑129, ‑130, ‑133a and ‑144 have been reported to 
potentially inhibit the migration of MDA‑MB‑231 to various 
degrees (33). miR‑106b‑25 gene clusters have been demon-
strated to promote drug resistance in breast cancer cells, 
and the effect is not achieved by altering the expression of 
P‑gp (34). Sandhu et al (35) reported that miR‑146a resulted 
in reduced proliferation and increased apoptosis of breast 
cancer cells and Wang et al  (36) indicated that miR‑146a 
expression suppresses CXCR4‑mediated human breast 
cancer migration. The present study suggested that treatment 
with catalpol may effectively increase the miR‑146a expres-
sion in MCF‑7 cells. Notably, the upregulation of expression 
of miR‑146a may control the expression of MMP‑16 in 
MCF‑7  cells. In addition, downregulation of miR‑146a 
expression was observed to induce MMP‑16 expression in 
MCF‑7 cells. Therefore, miR‑146a may regulate and control 
the expression of MMP‑16 levels in MCF‑7 cells. In support 
of this, the present study demonstrated that downregulation 
of expression of miR‑146a reduced the effect of catalpol on 
cellular proliferation and apoptosis of MCF‑7 cells.

In conclusion, the current study demonstrated the effects 
of catalpol on cellular proliferation and cell death in breast 
cancer cells. Catalpol treatment resulted in the upregulation 
of miR‑146a expression and downregulation of MMP‑16 
expression in MCF‑7 cells. Furthermore, downregulation of 
miR‑146a expression resulted in an upregulation of the expres-
sion levels of MMP‑16 in catalpol‑treated MCF‑7 cells. Taken 
together, these results suggest that catalpol may be therapeuti-
cally beneficial in breast cancer through the upregulation of 
miR‑146a expression and the downregulation of MMP‑16 
expression.
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