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Abstract. Despite advances in the understanding of breast 
cancer, patients most commonly have a poor prognosis, 
particularly those with triple negative breast cancer (TNBC). 
microRNAs (miRNAs) are endogenous non‑coding small 
RNAs, and their aberrant expression is linked to numerous 
malignancies. In the present study, the expression levels of 
miR‑200c in patients with TNBC were analyzed and it was 
identified that miR‑200c was downregulated in TNBC samples, 
compared with that in normal adjacent tissues. miR‑200c 
was overexpressed in the TNBC cell line MDA‑MB‑231 and 
its functions were studied in vitro and in vivo. An in vitro 
study revealed that the overexpression of miR‑200c inhibited 
MDA‑MB‑231 cell proliferation and resulted in the induction 
of apoptosis. The in vivo data indicated that the overexpres-
sion of miR‑200c significantly inhibited tumor growth and 
increased the rate of apoptosis. Target prediction revealed 
that the X‑linked inhibitor of apoptosis (XIAP) had putative 
complementary sequences to miR‑200c, which was confirmed 
by a dual luciferase reporter assay. Western blot analysis 
further demonstrated that the expression of XIAP was mark-
edly reduced and that caspase‑3 was highly activated by the 
overexpression of miR‑200c. These findings suggested that 
miR‑200c may function as a tumor suppressor gene in TNBC, 
at least partly via directly targeting XIAP, and may therefore 
act as a potential therapeutic target in the development of novel 
treatment strategies for TNBC.

Introduction

Breast cancer is one of the most common types of cancer 
and the second‑leading cause of cancer‑associated mortality 
in females worldwide  (1). Based on the expression of the 
estrogen receptor (ER), progesterone receptor (PR) and human 
epidermal receptor 2 (HER2), breast cancer is categorized into 
several different subtypes. Of these, ~60‑70% of breast cancer 
cases express the ER and/or PR, and 20-30% of breast cancer 
cases have amplified levels of HER2. These tumors are most 
commonly treated by targeted therapies. However, tumors 
lacking ER and PR expression and Her‑2 overexpression are 
referred to as triple‑negative breast cancer (TNBC) cases. Due 
to the lack of targeted treatment options, clinical studies have 
revealed that TNBC is the most aggressive breast cancer type 
and is associated with poor prognosis, with the deregulation of 
apoptosis‑associated genes participating in cancer progression 
and relapse (2).

MicroRNAs (miRNA) are short (19‑25 nt) non-coding 
RNAs, which do not code for proteins but rather regulate 
mRNA expression at a post‑transcriptional level. Since their 
discovery in 1993, >1,500 human miRNAs have been identi-
fied (3). These RNAs directly bind to the 3' untranslated region 
(UTR) of target mRNAs and facilitate the cleavage or degrada-
tion of the transcripts (4,5). Initially, miRNAs were classified 
as functionless stretches within ̔junk DNA’; however, they 
have recently been described as powerful regulators of gene 
expression that are associated with cellular development, death 
and proliferation (6), as well as the pathogenesis of numerous 
diseases (7). Accumulating evidence has revealed that aber-
rantly expressed miRNAs participate in tumorigenesis in both 
a temporal and spatial manner (8). Furthermore, it appears 
they function as either oncogenes or tumor suppressor genes 
and regulate a vast range of cellular processes, including cell 
proliferation, differentiation, apoptosis and metastasis  (9). 
Several studies have identified that the dysregulation of 
numerous miRNAs, including miR‑21  (10), miR‑34a  (11), 
miR‑101  (12), miR‑122  (13) and miR‑155  (14), modulates 
tumorigenic processes in breast cancer. Loss of miR‑200 
family members (miR‑200a, ‑200b, ‑200c, ‑141 and ‑429), 
particularly miR‑200c, is considered to be crucial in tumor 
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progression. Its involvement in epithelial‑to‑mesenchymal 
transition (EMT) is well‑established; however, its functions in 
apoptosis are poorly defined.

X-linked inhibitor of apoptosis (XIAP) is the most potent 
member of the IAP gene family in terms of its ability to inhibit 
caspase‑3, ‑7 and ‑9, and to suppress apoptosis. Due to its potent 
anti‑apoptotic nature, XIAP is a target molecule in the develop-
ment of therapeutic agents for the treatment of numerous cancer 
types (15). According to bioinformatic predictions, XIAP is a 
candidate target gene of miR‑200c.

In the present study, the potential associations between 
miR‑200c and XIAP were examined, and its findings may 
be of clinical utility for the development of novel therapeutic 
approaches for TNBC treatment.

Materials and methods

Patients and samples. A total of 20 human TNBC tissues 
and matched normal adjacent tissues were obtained from the 
Department of Pathology, Huai'an First People's Hospital 
(Jiangsu, China). All of the patients or their guardians provided 
written informed consent and Faculty of Medicine's Ethics 
Committee of Huai'an First People's Hospital approved all 
aspects of the present study.

Cell culture and transfection. Human MDA‑MB‑231 TNBC cells 
and human MCF10A mammary epithelial cells were obtained 
from the Cell Culture Center, Chinese Academy of Medical 
Sciences (Peking, China). MDA‑MB‑231 cells were maintained 
in Dulbecco's modified Eagle's Medium (DMEM) supplemented 
with 10% fetal bovine serum and 1% penicillin/streptomycin. 
MCF10A cells were maintained in DMEM‑F12 medium 
supplemented with 5% horse serum, hydrocortisone (0.5 µg/ml), 
insulin (10 µg/ml), epidermal growth factor (20 ng/ml) and 
penicillin‑streptomycin (100  µg/ml). Transfection of the 
miR‑200c mimics (Invitrogen Life Technologies, Carlsbad, CA, 
USA) and the random sequence as a control was performed 
with Lipofectamine™ 2000 (Invitrogen Life Technologies) 
according to the manufacturer's instructions and labeled with 
miR‑200c and miR‑Ctrl, respectively. Analyses were performed 
24‑72 h following transfection.

RNA extraction and quantitative polymerase chain reac-
tion (qPCR). The total RNA from the cell lines and tissues 
was extracted using TRIzol® (Invitrogen Life Technologies) 
according to the manufacturer's instructions. miR‑200c and 
RNU6 specific cDNAs were synthesized with the miScript 
Reverse Transcription kit (Qiagen, Hilden, Germany) according 
to the manufacturer's instructions. qPCR was performed with 
the following PCR primers (Invitrogen Life Technologies): 
miR‑200c forward, 5'‑CCCTCGTCTTACCCA‑3' and 
reverse, 5'‑CCTCCATCATTACCC‑3'; RNU6 forward, 
5'‑GCTTCGGCAGCACATATACTAAAAT‑3' and reverse, 
5'‑CGCTTCACGAATTTGCGTGTCAT‑3'. The miScript 
SYBR‑Green PCR kit (Qiagen) was employed to detect the 
expression levels of these genes. The reaction was conducted 
according to the manufacturer's instructions. The expression 
analysis was performed in triplicate for each sample and the 
relative expression levels compared with RNU6 were calcu-
lated using the comparative Ct method.

Colony formation assay. For the colony formation assay, 
1x103 miR‑200c‑ or miR-Ctrl‑transfected cells were seeded 
into six‑well plates and maintained in media containing 
10% FBS, 100 U/ml penicillium and 100 µg/ml streptomycin 
for two weeks. The colonies were stained with 0.1% crystal 
violet (Sigma, St. Louis, MO, USA) in phosphate-buffered 
saline (PBS) for 1 h. Triplicate wells were measured in each 
group. Colony formation was determined by counting the 
number of stained colonies.

Cell proliferation assay. To evaluate cell proliferation, 
3x103 MDA‑MB‑231 cells/well were plated into 96‑well plates 
and transfected with miR‑200c mimics or negative control. At 
24, 48, 72 and 96 h following transfection, cell proliferation 
was measured using the MTT assay kit (Merck Millipore, 
Billerica, MA, USA) according to the manufacturer's instruc-
tions. The optical density (OD) value at 570 nm was measured 
using a Synergy HT microplate reader (Bio‑Tek Instruments, 
Inc., Winooski, VT, USA). The experiment was repeated three 
times.

Fluorescence-activated cell sorting (FACS) assay. A total of 
48 h following transfection, miR‑200c or miR‑Ctrl cells were 
washed two times with PBS and incubated with Annexin 
V‑fluorescein isothiocyanate (FITC) and propidium iodide 
(PI) (BD Pharmingen, San Diego, CA, USA) staining solutions 
in the dark for 15 min at 4˚C, then the cells were analyzed 
using a BD Accuri™ C6 cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA).

Western blot analysis. The cultured cells were lysed using 
radioimmunoprecipitation lysis buffer with a protease inhib-
itor cocktail tablet (2 mM AEBSF, 0.3 µM aprotinin, 130 µM 
bestatin, 1 mM EDTA, 14 µM E-64, 1 µM leupeptin; Sigma, 
St. Louis, MO, USA). GAPDH was used as an endogenous 
normalizer. Cell lysates, containing equal amounts of protein, 
were mixed with SDS protein gel loading solution, resolved 
by SDS‑PAGE and transferred to nitrocellulose membranes. 
The membranes were blocked in 5% bovine serum albumin 
(BSA), and then anti-GAPDH antibody (polyclonal rabbit anti-
GAPDH), anti-XIAP antibody (polyclonal rabbit anti-XIAP) 
and anti-Caspase 3 (monoclonal rabbit anti-Caspase 3) anti-
bodies (1:200; Cell Signaling Technology, Inc., Danvers, MA, 
USA) were added, followed by overnight incubation at 4˚C. 
The corresponding IRDye 800‑labeled secondary antibodies 
(1:10,000) were added, followed by overnight incubation 
at 4˚C. Following washing with Tris-buffered saline with 
Tween 20, the membrane was scanned using the Odyssey 
Infrared Imaging System (Li‑Cor Biosciences, Lincoln, NE, 
USA).

Luciferase assay. The 3'UTR of XIAP was amplified from 
the MDA‑MB‑231 cell cDNA by PCR. Amplified products 
were cloned into the corresponding site of the pMIR‑REPORT 
vector (Invitrogen Life Technologies). The mutated 3'UTR 
of XIAP was synthesized (Invitrogen Life Technologies). 
The amplified products were cloned into the corresponding 
site of the pMIR-REPORT vector. The reporter plasmids 
with wild‑type 3'UTR or mutated 3'UTR were termed 
pMIR‑XIAP‑wt or pMIR‑XIAP‑mut, respectively. For the 
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luciferase assay, MDA‑MB‑231 cells were co-transfected with 
pMIR‑XIAP and the indicated RNAs (miR‑200c mimics, nega-
tive control) in 24‑well plates using Lipofectamine™ 2000. 
The pMIR‑REPORT β‑galactosidase control vector was 
transfected and served as a control. Firefly and Renilla lucif-
erase activities were measured using a Dual Luciferase Assay 
system (Promega, Corp., Madison, WI, USA) according to 
the manufacturer's instructions. The results were expressed as 
relative luciferase activity (Firefly LUC/Renilla LUC). Each 
experiment was performed in triplicate for biological repeats.

Mice tumor model. All animal experiments were approved by 
the Institutional Animal Care and Use Committee of Nanjing 
Medical University. Following transfection, MDA‑MB‑231 
cells (5x106) were suspended with 100 µl PBS and injected 
subcutaneously into the mammary fat pad of female Nod/Scid 
mice (SLACCAS Laboratory Animal Co., Shanghai, China) 
at 4‑6 weeks of age. The animals were divided into groups 
of five for each experimental condition. Tumor growth was 
observed for four weeks following injection. The animals 
were then sacrificed and the tumors were dissected thor-
oughly. The tumor volume was calculated using the formula: 
V = length x width2/2.

Terminal deoxynucleotidyltransferase‑mediated dUTP 
nick‑end labeling (TUNEL) assay. The mice tumor specimens 
were immersed and fixed for 2 h in an ice‑cold solution of 
proteolipid protein, followed by dehydration in ice-cold PBS 
containing 20% sucrose for 12 h. After the specimens were 
embedded in OCT (Sakura Finetek, Torrance, CA, USA), 6 µm 
slices were cut using a cryostat for the TUNEL assay. The 
slices were blocked with 3% bovine serum albumin for 1 h and 
permeabilized with 0.25% Triton X‑100 for 20 min. A TUNEL 
Alexa Fluor Imaging kit (Invitrogen Life Technolgoies) was 
used for TUNEL labeling according to the manufacturer's 
instructions. The slides were mounted in Vectashield mounting 
medium with DAPI. The apoptotic fluorescent cells were 
counted under a confocal microscope and the numbers were 
expressed as the percentage of total cells ± standard deviation. 
A negative control without the enzyme treatment and a posi-
tive control with DNase I treatment were also assessed.

Statistical analysis. All statistical analyses were performed 
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). All data 
were expressed as the mean ± standard deviation of at least 
three independent experiments. The differences between the 
groups were analyzed using the Student's t‑test. P<0.05 was 
considered to indicate statistically significant differences.

Results

miR-200c is downregulated in TNBC tissues and cell line. 
To investigate the involvement of miR‑200c in human TNBC 
development, miR‑200c expression levels in 20  TNBC 
tissues and matched normal adjacent tissues were examined 
by qPCR. As shown in Fig. 1A, the expression of miR‑200c 
was significantly reduced in TNBC tissues compared with 
the adjacent tissues. Consistently, it was identified that 
miR‑200c was also downregulated in the TNBC cell line 
MDA‑MB‑231 compared with that in the human MCF10A 
mammary epithelial cell line (Fig. 1B).

miR‑200c suppresses cell proliferation, colony formation 
and increases apoptosis in vitro. To determine the effects of 
miR‑200c on cell proliferation, colony formation and apop-
tosis in vitro, qPCR was used to validate the expression of 
miR‑200c in MDA‑MB‑231 cells following transfection with 
a miR‑200c mimic. The miR‑200c expression levels were 
significantly upregulated (by ~20‑fold) in miR‑200c cells 
compared with the miR‑Ctrl cells (Fig. 2A). It was hypoth-
esized that miR‑200c may be involved in mediating cancer 
cell proliferation and apoptosis. To examine this hypothesis, 
MTT, colony formation and FACS assays were performed 
to examine the effects of miR‑200c on MDA‑MB‑231 
cells. The proliferation of miR‑200c or miR‑Ctrl cells, as 
determined by the MTT assay, demonstrated that miR‑200c 
evidently reduced the growth of MDA‑MB‑231  cells 48 
and 72 h following transfection (P<0.05; Fig. 2B). A colony 
formation assay was further performed to investigate the 
effect of miR‑200c on the growth of MDA‑MB‑231 cells. 
As demonstrated in Fig. 2C, the colony size and number 
of miR‑200c cells were significantly lower than those of 
miR‑Ctrl cells (P<0.01). The effect of miR‑200c on apoptosis 

Figure 1. miR-200c expression is downregulated in TNBC tissues and cell lines. (A) Expression of miRNA‑200c in 20 paired TNBC tissues and adjacent 
normal breast tissues. (B) Levels of miRNA‑200c in MDA‑MB‑231 cells and human MCF10A mammary epithelial cell lines. Data are expressed as the 
mean ± standard deviation (**P<0.01; ***P<0.001). TNBC, triple negative breast cancer; miRNA, microRNA.
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of MDA‑MB‑231 cells was determined by flow cytometry 
using Annexin V‑FITC/PI staining. The apoptosis ratio of 
miR‑200c cells was 20.34±3.27%, which was significantly 
higher than in the miR‑Ctrl cells (Fig. 2D). Taken together, 
these results indicated that miR‑200c significantly induced 
apoptosis, decreased the proliferation of MDA‑MB‑231 cells 
and may have an important role in suppressing the growth 
of TNBC.

miR-200c suppresses the growth of TNBC tumor and 
increase apoptosis in vivo. Following the in vitro investiga-
tions, it was examines whether miR-200c overexpression 
may inhibit tumor growth in vivo. To investigate this, an 
in vivo breast cancer xenograft model in Nod/Scid mice was 
used. miR‑200c or miR‑Ctrl cells were injected subcutane-
ously into the mammary fat pad of female Nod/Scid mice 
and the tumor sizes were regularly measured. As demon-
strated in Fig. 3A, the tumors generated from miR‑200c cells 
were significantly smaller, compared with those generated 
from the miR‑Ctrl cells. The volume curves demonstrated 
that overexpression of miR‑200c markedly inhibited tumor 
growth in vivo. Based on the in vitro data, it was hypoth-
esized that apoptosis may have a role in miR-200c‑mediated 
tumor suppression. The TUNEL assay was used to detect the 
apoptotic nuclei in the tumors and the results demonstrated 

that there were more TUNEL‑positive nuclei in the miR‑200c 
group compared with the miR‑Ctrl group (Fig. 3B).

XIAP is a direct target of miR-200c. To examine how 
miR‑200c accelerated the apoptosis of MDA‑MB‑231 cells 
apoptosis and inhibited tumor growth, public algorithms 
for prediction analysis (TargetScan and miRBase) were 
utilized to analyze the potential targets of miR‑200c. It was 
identified that XIAP is a potential target of miR‑200c and 
that the 3'UTR of the XIAP mRNA contains a miR‑200c 
complementary binding site. It was therefore hypothesized 
that miR-200c inhibits tumor growth by targeting XIAP 
in breast cancer cells. To further verify this hypothesis, a 
dual luciferase reporter assay was performed. As shown 
in Fig. 4A, there was a significant reduction in luciferase 
activity following co‑transfection with miR‑200c mimics, 
compared with the negative control in the pMIR‑XIAP‑wt 
group. By contrast, a decrease in luciferase activity was not 
observed in the pMIR‑XIAP‑mut group. These results indi-
cated that miR‑200c may specifically bind to the 3'UTR of 
XIAP. Following this, the correlation between miR‑200c and 
XIAP expression in MDA‑MB‑231 cells was investigated. 
Following transfection with the miR‑200c mimics, the 
expression of the XIAP protein was evidently reduced, as 
compared with the negative control. This further activated the 

Figure 2. miR-200c suppresses cell proliferation and colony formation, and increases apoptosis in vitro. (A) Relative expression levels of miR‑200c in 
MDA‑MB‑231 cells transfected with miR‑200c mimics or the negative control miR‑Ctrl were determined by quantitative polymerase chain reaction. (B) MTT 
assays were performed to examine the proliferation of miR‑200c‑ or miR‑Ctrl‑transfected cells at 24, 48 and 72 h following transfection. (C) The growth 
capacity of miR‑200c‑ and miR‑Ctrl‑transfected cells in vitro were assessed by the colony formation assay. (D) miR‑200c and miR‑Ctrl‑transfected cells were 
stained with Annexin V/propidium iodide (PI) to examine the ratio of cells in early apoptosis. Data are expressed as the mean ± standard deviation (*P<0.05, 
**P<0.01, ***P<0.001). TNBC, triple negative breast cancer; miRNA, microRNA; OD, optical density.

  A   B

  C   D
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apoptosis pathway and the expression of cleaved caspase‑3 
protein was significantly increased (Fig. 4B).

Discussion

Since the discovery of the first miRNA in caenorhabditis 
elegans, miRNAs and their regulatory functions have been 
further elucidated, and a fundamental role for miRNA‑guided 
post‑transcriptional regulation of gene expression has been 
revealed (16). Emerging data indicate that dysregulation of 
miRNAs is associated with almost every type of cancer, 
including lung  (17), papillary thyroid carcinoma  (18), 
colon (19) and breast cancer (20). Iorio et al (21) revealed 
that miR‑10b, miR‑125b and miR‑145 were downregulated, 
whereas miR‑21 and miR‑155 were upregulated in breast 
cancer tissues, suggesting that they may potentially act as 
tumor suppressor genes or oncogenes, respectively. Breast 
cancer comprises three general molecular subtypes based on 

routine histological/pathological biomarkers, including ER, 
PR and HER2. Blenkiron et al  (22) analyzed the miRNA 
expression in 93 primary human breast tumors according to 
the breast cancer subtypes. Of note, a number of miRNAs 
were considered to be associated with the molecular subtypes 
of breast cancer and individual miRNAs correlated with 
clinical pathological factors. Notable effort has focused on 
the study of the correlation between TNBC and miRNAs 
to develop targeted therapeutic strategies. Wang et al (23) 
identified that miR‑203 suppressed cell proliferation and 
migration by targeting survivin and LIM and SH3 domain 
protein 1 in human TNBC cells. A recent study revealed 
that the expression of the miRNA‑200 family was closely 
associated with distinct breast cancer phenotypes. Within 
this family, miR‑200c is downregulated in TNBC compared 
with that in ER/PR positive and HER2 enriched tumors (24). 
In the present study, 20 TNBC and matched normal adjacent 
tissues were analyzed by qPCR and it was identified that 

Figure 3. miR-200c suppresses the growth of TNBC tumors and increases apoptosis in vivo. (A) miR-200c‑ or miR‑Ctrl‑transfected cells were subcutaneously 
injected into the mammary fat pad of female Nod/Scid mice. The average tumor volumes were assessed, starting from the tumors formed and continuing until 
four weeks following injection. (B) TUNEL assay was used to detect the apoptotic nuclei in xenograft tumor tissues. Red fluorescein staining indicates apoptotic 
cells. DAPI staining was used to determine the number of nuclei and to assess the gross cellular morphology. Data are expressed as the mean ± standard deviation 
(**P<0.01). TNBC, triple negative breast cancer; miRNA, microRNA; TUNEL, terminal deoxynucleotidyltransferase‑mediated dUTP nick‑end labeling.
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miR‑200c expression was significantly downregulated in the 
TNBC samples (P<0.05).

The miR-200 fami ly members a re impor tant 
tumor-suppressive miRNAs. Aberrant expression of the 
miR‑200 family has been associated with different types of 
cancers in multiple studies, however, often with contradic-
tory findings. In particular, inconsistencies have emerged in 
defining their effectors of the EMT occurring in the context of 
carcinogenesis and embryonic development. Gregory et al (25) 
reported that miR‑200 and miR‑205 may inhibit the zinc finger 
E‑box‑binding homeobox 1 (ZEB1) and ZEB2, and thus main-
tain the epithelial cell phenotype. It has been demonstrated that 
miR‑200c is the only miRNA that regulates E‑cadherin tran-
scriptional repressor ZEB1 and restores E‑cadherin expression 
in breast cancer cells (26). In addition, ectopic overexpression 
of miR‑200c in embryonal carcinoma cells resulted in neural 
differentiation and suppressed tumorigenicity of breast CSCs 
in vivo (27). These studies suggest that miR‑200c is an impor-
tant tumor suppressor in breast cancer, that is significant in the 
carcinogenesis and the metastatic cascades.

In the present study, a highly aggressive human TNBC cell 
line, MDA‑MB‑231, was utilized to examine the regulatory 
role of miR‑200c in TNBC cells. It was demonstrated that the 
overexpression of miR‑200c suppressed cell proliferation and 
colony formation and induced apoptosis. Then, MDA‑MB‑231 
cells were subcutaneously injected into Nod/Scid mice to 

resemble a model of human TNBC. The results demonstrated 
that the miR‑200c overexpressing group had a reduced tumor 
growth rate as compared with the miR‑Ctrl in vivo. Consistent 
with the in vitro results, the number of apoptotic cells was 
markedly increased in the miR‑200c group, as demonstrated 
by a TUNEL assay. Therefore, the present study provided 
evidence that miR‑200c possessed tumor suppressor activity 
in TNBC and suggested that the repression of miR‑200c may 
promote tumorigenesis, at least partially by inhibiting breast 
cancer cell apoptosis. At present, the lack of knowledge 
regarding specific miRNA gene targets hampers completely 
understanding the biological functions deregulated by miRNA 
aberrant expression. To partially overcome this limitation, 
computational approaches were used to predict gene targets. 
Various cancer‑associated genes are potentially regulated 
by miR‑200c aberrantly expressed in TNBC. In particular, 
XIAP was of interest, as it is an important apoptosis inhibitory 
protein and is consistently upregulated in breast cancer.

As it is well-established, apoptosis is an intrinsic cell 
death mechanism in mammalian cells, but is often defective 
in cancer cells. The inhibitors of apoptosis (IAP) proteins are 
characterized by the presence of at least one baculovirus IAP 
repeat structural domain. Among the IAP members, XIAP is a 
critical barrier to apoptosis induction in cancer cells due to its 
robust ability to bind and inhibit initiator caspase‑9, and effector 
caspases 3 and 7 (28). Therefore, it effectively functions to 

Figure 4. XIAP is a direct target of miR‑200c in TNBC cells. (A) A human XIAP 3'UTR fragment containing the WT or mut miR‑200c binding sequence was 
cloned downstream of the luciferase reporter gene. The luciferase reporter plasmid containing WT or mut XIAP 3'UTR was co-transfected into MDA‑MB‑231 
cells with the miR‑200c mimics or the negative control. Luciferase activity was determined by the dual luciferase assay and demonstrated as the relative 
firefly activity normalised to Renilla activity. (B) The expression of XIAP and caspase‑3 protein was analyzed by western blot analysis. GAPDH was used as a 
control. Data are expressed as the mean ± standard deviation (**P<0.01). XIAP, X‑linked inhibitor of apoptosis; TNBC, triple negative breast cancer; miRNA, 
microRNA; WT, wild‑type; mut, mutant; ns, not significant; 3'UTR, 3' untranslated region.

  A

  B
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prevent cell death activation and sustain the survival of cancer 
cells. XIAP has been demonstrated to be highly expressed 
in several malignancies, including breast (29), pancreatic (30) 
and cervical cancer types (31), and has an important role in 
regulating both apoptosis and cell proliferation. Recently, 
several studies have revealed that certain miRNAs may 
directly bind to the 3'UTR of XIAP to inhibit the expres-
sion of XIAP and promote apoptosis, including miR‑7 (32), 
miR‑24 (33) and miR‑513a‑5p (34). It is therefore warranted 
to consider that miR‑200c possesses tumor suppressor 
activity in TNBC at least partially by affecting XIAP expres-
sion. In the present study, this hypothesis was confirmed by 
dual‑luciferase activity assays. The XIAP protein expression 
was downregulated in miR‑200c cells compared with that in 
miR‑Ctrl cells, as verified by western blot analysis, and as 
a result, its downstream pro‑apoptotic protein caspase‑3 was 
indirectly activated by miR‑200c.

In conclusion, the present study demonstrated that 
miR‑200c was downregulated in TNBC specimens compared 
with normal adjacent tissues. miR‑200c directly reduced the 
expression of XIAP and then activated the caspase‑3‑depen-
dent apoptosis pathway, inhibiting TNBC cell proliferation 
and inducing TNBC cell apoptosis. These data indicated 
that miR‑200c served as a tumor suppressor gene involved 
in TNBC pathogenesis. The present study also provided a 
strategy for targeting the miR‑200c/XIAP interaction as a 
novel therapeutic application to treat TNBC.
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