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MicroRNA-192 inhibits cell proliferation and induces
apoptosis in human breast cancer by targeting caveolin 1
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Abstract. It has been demonstrated that microRNA-192
(miR-192) serves important roles in different cancer types,
including breast cancer, prostate cancer and colorectal
cancer. However, its biological role and function in breast
cancer remains largely unknown. The present study aimed to
determine the role of miR-192 in breast cancer. In the present
study, one normal breast and two breast tumor cells lines
were used, which included the normal mammary fibroblast
cell line Hs578Bst, a more aggressive breast tumor cell line
MDA-MB-231 and a less aggressive breast tumor cell line
MCF-7. The effect of miR-192 on proliferation of breast cancer
cells was detected with an MTT assay. Western blot analysis
was performed to determine protein expression of caveolin 1
(CAV1). A lentiviral vector that overexpresses pre-miR-192
and control lentiviral packaging plasmids were used in the
present study. The Student's t-test was performed to analyze
the significance of differences between samples. In the present
study, it was determined that the expression of miR-192 is
downregulated in breast cancer, compared with the adjacent
normal tissues. Overexpression of miR-192 significantly
inhibited cell proliferation, and induced cell apoptosis and
cell cycle arrest in MCF7 and MDA-MB-231 cells. Using a
bioinformatics method, CAV1 was considered a potential
target of miR-192. Furthermore, it was demonstrated that
CAVI is a direct target of miR-192 and its protein expression
is negatively regulated by miR-192. Therefore, the present
study demonstrated that miR-192 serves an important role as
a regulator in breast cancer and the miR-192/CAV1 axis has a
potential as a therapeutic target for treatment of breast cancer.
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Introduction

Breast cancer is one of the most frequently diagnosed malig-
nancy in females with an estimated 1.5 million new cases
worldwide each year (1). Due to the fast development of diag-
nosis and novel treatment techniques, the incidence has been
decreasing in the developed and developing world (2). However,
it remains the second leading cause of mortality from cancer
in women (3). Thus, investigating a novel diagnosis method
and determining a novel treatment target remains urgent. A
previous study was conducted to identify novel markers that
control and regulate cell growth and differentiation, which are
associated with tumor growth, formation and progression of
breast cancer (3).

MicroRNAs (miRNAs/miRs) are small non-coding
single-stranded RNAs, which contain 20-25 nucleotides, that
serve important roles in RNA silencing and post-transcriptional
regulation of gene expression in multicellular organisms (4).
Animal miRNAs are generally complementary to a site in the
3'untranslated region (UTR) of the target mRNA by perfect
or near perfect base paring to promote the cleavage of the
target RNA, thus inducing degradation of the target gene (5).
miRNAs are considered to serve roles in cancer development,
progression and metastasis, and during the cancer develop-
ment, numerous miRNAs, including miR-15, miR-16, miR-21
and miR-29a have been discovered. Additionally, miRNAs can
serve oncogenic or tumor suppressive roles in carcinogenesis
through negative regulation of target gene expression (6-8).

In breast cancer, various miRNAs have been discovered
and they have been demonstrated to be deleted, downregu-
lated or upregulated, such as the miR-17-92 cluster, which is
upregulated, and miR-143 and miR-145, which are deleted (9).
They also have been determined to have oncogenic or tumor
suppressive effects, and serve important roles in tumor
initiation, antitumor drug resistance and advanced tumor metas-
tasis (10-13). Among the miRNAs, miR-192 was confirmed by
Lim et al (14) in 2003. miR-192 is considered to be positive
regulator of p53, which is a human tumor suppressor gene (15).
miR-192 is also reported to be overexpressed in gastric cancer,
hepatocellular carcinoma and neuroblastoma, while down-
regulated in colorectal cancer and hematological disorders, as
well as in lymphoblastic leukemia (16-20). However, its role in
breast cancer development and formation remains unknown.
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In the present study, the results indicated that the miR-192
was significantly decreased in the tumor tissue, compared
with adjacent normal tissue. Upregulation of miR-192 inhibits
tumor cell proliferation by inducing of the tumor cell apop-
tosis cell cycle arrest. Notably, using a bioinformatics method,
it was demonstrated that caveolin 1 (CAV1) is a direct target of
miR-192 and its protein expression is negatively regulated by
miR-192. Therefore, these results demonstrated that miR-192
serves an important role in the regulation of breast tumor cell
proliferation and apoptosis, and the miR-192/CAV1 axis may
have a potential as a therapeutic target for treatment of breast
cancer.

Materials and methods

Patient samples. A total of 58 specimens from women with
breast cancer and adjacent normal tissues samples were
collected from The Affiliated Luoyang Central Hospital of
Zhengzhou University (Luoyang, China) from January 2015 to
March 2017. The patients had a mean age of 56+12 years, and
did not receive radiotherapy, chemotherapy or any other treat-
ment prior to or following the operation. Patient characteristics
are listed in Table SI. Tumor surgical specimens, tumor lumps
and tumor adjacent normal tissues that were at least 2 cm from
the edge of the tumor were collected, snap-frozen in liquid
nitrogen and stored at -80°C for miR-192 and CAV1-associated
assays. Written informed consent was obtained from all the
study participants. The use of tissue samples was approved
by the Ethics Committee of the Affiliated Luoyang Central
Hospital of Zhengzhou University.

Cell culture and transfection. A total of 3 breast and breast
tumor cells lines were used in the present study, which
includes the normal mammary fibroblast cell line Hs578Bst,
a more aggressive breast tumor cell line MDA-MB-231 and
a less aggressive breast tumor cell line MCF-7. All these cell
lines were obtained from American Type Culture Collection
(Manassas, VA, USA) and maintained in RPMI-1640
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
with 10% fetal bovine serum (FBS; Gibco; Invitrogen) and
1% antibiotics (Gibco; Thermo Fisher Scientific, Inc.) in an
atmosphere of humidified air containing 5% CO,. MCF-7
and MDA-MB-231 cells were transfected with miR-192
mimics (miR-192 mimics: 5'-CUGACCUAUGAAUUGACA
GCC-3") or miR-Control (5'-UUCUCCGAACGUGUCACG
UTT-3") (Shanghai Genepharma Co., Ltd., Shanghai, China)
at 10 pmol/1x10? cells using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocols.

Detection of cell proliferation with an MTT assay. The effect
of miR-192 on proliferation of breast cancer cells was detected
with an MTT assay. Briefly, MCF-7 and MDA-MB-231 cells
were plated in 96-well plates (3x10%/well). After incubation
for 24 h in a 37°C incubator with 5% CO,, the cells were
transfected with miR-192 mimics (30 pmol) or miR-Control
(30 pmol) for 12, 24 and 48 h using Lipofectamine® 2000.
Subsequently, the MTT solution (0.5 mg/ml; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) was added to each
well (20 ul/well). After an additional 4 h incubation at 37°C,
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MTT solution was discarded and 200 ml dimethyl sulfoxide
(Sigma-Aldrich; Merck KGaA) was added, and the plates were
shaken gently. The absorbance was measured on an ELISA
reader at a wavelength of 570 nm. For the colony formation
assay, cells were counted and plated in 12-well plates (in trip-
licate) at 100 cells/well. Fresh complete RPMI-1640 medium
was replaced every 3 days. The number of viable colonies was
determined after 14 days culture at 37°C, and the colonies were
fixed with 100% methanol for 10 min at room temperature
and stained with 0.5 g crystal violet (0.05% w/v) for 15 min
at room temperature. Images of the colonies were captured
using a digital camera (Singer Instruments) and colonies were
counted. Each experiment was performed in triplicate and
repeated for at least three times.

Flow cytometry detection of cell cycle and apoptosis. MCF-7
and MDA-MB-231 cells transfected with miR-192 mimics
and miR-Control were plated in 6-well plates in complete
RPMI-1640 medium at 1x10° cells/well (Gibco; Thermo
Fisher Scientific, Inc.) for 24 h at 37°C. Subsequently, the cells
were cultured with FBS-free RPMI-1640 medium for 48 h;
the medium was then replaced with complete RPMI-1640
medium for another 24 h at 37°C. Cells were then collected
by centrifugation at 500 x g for 10 min at room temperature,
fixed in 95% ethanol for 20 min at room temperature, incu-
bated at -20°C overnight and then washed twice with PBS. The
cells were resuspended in 1 ml FACS solution with propidium
iodide (PI; PBS, 0.1% Triton X-100, 60 xg/ml PI, 0.1 mg/ml
DNase-free RNase and 0.1% trisodium citrate) and incubated
on ice for 30 min. Cells were analyzed using a FACSCalibur
flow cytometer (BD Biosciences, San Jose, CA, USA). A total
of 1x10* cells were gated and counted for each sample.

To identify apoptotic cells ratio, Annexin V and PI double
staining was performed using an Annexin V-Fluorescein
Isothiocyanate (FITC) Apoptosis Detection kit
(Becton-Dickinson and Company, Franklin Lakes, NJ, USA),
according to the manufacturer's protocols. After the MCF-7
and MDA-MB-231 cells were transfected with miR-192
mimics/miR-Control for 48 h, 5x10° cells were collected by
centrifugation at 1,000 x g at room temperature for 5 min. Cells
were re-suspended in 200 pl binding buffer (BD Biosciences),
and stained with 5 1l FITC Annexin V and 1 ul PI solution
for 30 min at room temperature. Cell apoptosis was detected
by using a FACSCalibur flow cytometer (BD Biosciences).
Apoptotic cells were defined as Annexin V-positive/PI-negative.

Western blotting. Western blot analysis was performed to
determine protein expression of CAVI1. Cell lysates were
prepared by using NP-40 cell lysis buffer (Beyotime Institute
of Biotechnology, Haimen, China) and the protein concentra-
tion in the supernatants was determined using Bradford protein
dye reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
A total of 30 mg proteins were resolved by 10% SDS-PAGE
and transferred onto polyvinylidene difluoride membrane. The
membranes were blocked with 5% fat-free dry milk in PBS for
30 min at room temperature and then incubated with primary
anti-CAV1 (1:1,000, cat. no. ab2910; Abcam, Cambridge, MA,
USA) and anti-GAPDH (1:1,000, cat. no. ab9485; Abcam)
antibodies at 4°C overnight. Subsequently, they were incubated
with horseradish peroxidase (HRP)-conjugated secondary
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antibodies [goat anti-rabbit IgG H&L (HRP); 1:3,000,
cat. no. ab6721; Abcam] for 2 h at room temperature. CAV1
and GAPDH proteins were visualized with enhanced chemilu-
minescence detection reagent (Pierce Biotechnology; Thermo
Fisher Scientific, Inc.).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNAs were extracted from the frozen tissue
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) and then total RNA (0.5 ug) from each sample was used
for cDNA synthesis using the M-MLV Reverse Transcriptase
kit (Promega Corporation, Madison, WI, USA) according to
the manufacturer's protocol. The specific products of human
miR-192 and CAV1 were amplified by qPCR using the
following primers: miR-192, 5'-GCTGTTATCTGGGGCGAG
GG-3' (forward) and 5-GGTGGGACCATGAGTGCTGC-3'
(reverse); and CAV1, 5-TGGTTTTACCGCTTGCTGTCT
G-3' (forward) and 5-GCAAGTTGATGCGGACATTGCT'
(reverse). Verification of gene expression levels was performed
by RT-qPCR using EvaGreen (Biotium, Inc., Freemont, CA,
USA). The following thermocycling conditions were used:
Initial denaturation at 95°C for 5 min; followed by 40 cycles of
denaturation at 95°C for 10 sec, annealing at 60°C for 10 sec
and extension at 72°C for 20 sec. U6 and GAPDH were used
as the internal control; the primer sequences were as follows:
U6, 5'-CGAGCACAGAATCGCTTCA-3' (forward) and 5'-CTC
GCTTCGGCAGCACATAT-3' (reverse); and GAPDH, 5-GAA
GGTGAAGGTCGGAGTC-3' (forward) and 5-GAAGATGGT
GATGGGATTTC-3' (reverse). The relative expression levels of
miR-192 and CAV1 were calculated with the 224 method (21).

Construction of 3'UTR reporter plasmid and luciferase
assay. The putative target genes of miR-192 were predicted by
TargetScan (www.targetscan.org),PicTar (pictar.mdc-berlin.de)
and miRanda (www.microrna.org/microrna/home.do). The
human CAV1 3'UTR harboring miR-192 target sequence
and the seed-sequence-mutation (miR-192-3'UTR-mut)
were synthesized by Shanghai Genepharma Co., Ltd.
(Shanghai, China). The CAV1 3'UTR reporter was generated
by inserting the entire 3'UTR or 3'UTR-mut of human CAV1
mRNA into Xhol/Notl sites of psiCHECK-2 vector (Promega
Corporation) downstream of the Renilla luciferase gene. For
the luciferase assay, 1x10° cells were transfected with the
CAV1 3'UTR reporter and the miR-192 mimics in a 24-well
plate using Lipofectamine® 2000, according to the manufac-
turer's protocols. After 24 h, the firefly and Renilla luciferase
activities were measured and analyzed with a Dual Luciferase
Reporter Assay kit (Promega Corporation). Relative luciferase
activity was estimated by normalizing firefly luciferase activity
to that of Renilla for each assay. At 24 h post-transfection,
relative luciferase activity was calculated by normalizing
firefly luminescence to Renilla luminescence using the Dual
Luciferase Reporter Assay (Promega Corporation) according
to the manufacturer's protocol.

Knockdown of CAVI by small interfering RNA (siRNA).
The transient transfection of CAV1 siRNA was performed
by using Lipofectamine® 2000, according to the manufac-
turer's protocols. The sequences of siRNAs were as follows:
siRNA-CAV1, 5-AGACGAGCUGAGCGAGAAGCA-3'

1669

siRNA-control, 5~ ACTACCGTTGTTATAGGTG-3', and they
were used at a final concentration of 50 nM. After transfection
for 48 h, the cells were collected, cell lysates were prepared
and western blot analysis was performed to analyze the effects
of the knockdown. The CAV1 siRNA was purchased from
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Tumorigenicity in vivo. The lentiviral vector that overex-
presses pre-miR-192 and the control lentiviral packaging
plasmid was obtained from Shanghai GeneChem Co., Ltd.
(Shanghai, China). A total of 16 nude mice (male BALB/c
nude mice; age, 4 weeks; Beijing Vital River Laboratory
Animal Technology Co., Ltd., Beijing, Chin) were randomly
divided into two groups: The lentiviral control group and
lentiviral pre-miR-192 group. Mice were housed in isolated
cages under a 12-h light/dark cycle with free access to food
and water at 24+2°C and 55+10% humidity. MCF-7 cells stably
transfected with pre-miR-192 mimics and pre-miR-control
were inoculated bilaterally and subcutaneously into the right
flanks of nude mice. Tumor growth was monitored and tumor
size was measured using vernier calipers every seven days,
and the mice were euthanized after four weeks. The volume
of the implanted tumor was calculated using the formula:
Volume=(width? x length)/2. All animal experiments in the
present study were approved by The Ethics Committee of The
Affiliated Luoyang Central Hospital of Zhengzhou University.

Statistical analysis. GraphPad Prism software, version 5.0
(GraphPad Software, Inc., La Jolla, CA, USA) was used to
analyze data. All the data were obtained from three inde-
pendent experiments. Data are presented as mean + standard
error. The Student's t-test was performed to analyze the signifi-
cance of differences between the samples. One-way ANOVA
was carried out for multiple comparisons with Bonferroni's
post-hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

The expression of miR-192 is decreased in breast cancer
tissue and breast cancer cell lines. Total RNAs were extracted
from frozen tumor tissue of patients with breast cancer.
RT-qPCR was performed to analyze the miR-192 expression
level. The relative expression of miR-192 was significantly
decreased in the breast cancer tissue, compared with adjacent
normal tissues (Fig. 1A). The expression of miR-192 was also
evaluated in breast tumor cell lines MCF-7 and MDA-MB-231,
as well as the normal breast fibroblast cell line Hs578Bst.
RT-qPCR analysis demonstrated that the expression of
miR-192 is significantly decreased in breast tumor cell line
MCF-7 and MDA-MB-231, compared with normal cell line
Hs578Bst (Fig. 1B). Furthermore, the decreased expression
of miR-192 was also confirmed in three other breast cancer
cell lines, including Hs578T, BCap37 and SK-BR-3 (Fig. S1A).
These results indicated that miR-192 expression is significantly
reduced in breast tumor tissue and tumor cell lines, which is
accordant with previous studies (16,18).

miR-192 inhibits breast tumor cell proliferation. To deter-
mine the role of miR-192 in breast tumor cell proliferation,
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breast tumor cells were transfected with miR-192 for
12, 24 and 48 h and then an MTT assay was performed to
determine the cell proliferation. Total RNAs were extracted
from all the transfected cells and RT-qPCR was performed
to check the overexpression efficiency of miR-192. miR-192
expression was significantly increased following transfection
in MCF-7 and MDA-MB-231 cells (Fig. 2A) compared with
cells without miR-192 transfection. The MTT assay results
indicated that cell proliferation is significantly inhibited
after 24 and 48 h of transfection with miR-192 in MCF-7
and MDA-MB-231 cells (Fig. 2B and C) compared with
cells without miR-192 transfection. Colony formation results
also demonstrated that cell proliferation is significantly
inhibited by the overexpression of miR-192 in MCF-7 and
MDA-MB-231 cells (Fig. 2D and E) compared with cells
without miR-192 transfection.

MCEF-7 stable cell line with overexpression of miR-192
and miR-Control was inoculated into the flank of the mice
and then tumor growth was monitored and measured every
7 days. Tumor growth was significantly inhibited by miR-192
expression and the tumor size was smaller in the miR-192
overexpression group, compared with the miR-control group
(Fig. 2F and G). These data indicated that miR-192 serves an
important role in the regulation of tumor cell proliferation and
tumor growth. Therefore, overexpression of miR-192 inhibits
tumor cell growth in vivo and in vitro.

Overexpression of miR-192 induces cell apoptosis and cell
cycle arrest. To detect the effect of miR-192 on cell apoptotic
regulation, cell cycle analysis was performed by staining trans-
fected MCF-7 cells and MDA-MB-231 cells with Annexin-V
and PI. Flow cytometry data demonstrated that overexpression
of miR-192 significantly increases tumor cell apoptosis with
an apoptotic cell ratio of 22.6 and 24.28% in MCF-7 and
MDA-MB-231 cells, respectively, while the apoptotic ratio
in the control cells was only 11.67 and 13.74%, respectively
(Fig. 3A and B).

The effect of miR-192 on cell cycle was determined by
staining cells with PI and analyzed by flow cytometry. The
results demonstrated that overexpression of miR-192 induced
an increase in the GO/G1 phase (72.03% for MCF-7 cells with
miR-192 transfection vs. 42.45% for MCF-7 cells without
miR-192 transfection; and 70.38% for MDA-MB-231 cells
with miR-192 transfection vs. 43.83% for MDA-MB-231 cells
without miR-192 transfection) and a decrease in the S phase
in MCF-7 cells (20.11% for cells without miR-192 transfec-
tion vs. 47.64% for cells with miR-192 transfection), while
there was no significant change in the G2 phase (Fig. 3C-F).
These results indicated that overexpression of miR-192
significantly increased the number of cells in the GO/Gl
phase, while it decreased the number of cells in the S phase in
miR-192-transfected MCF-7 and MDA-MB-231 cells.

CAV1 negatively regulates the miR-192 expression. Since miRs
regulate cellular processes through their target gene (10-13),
the target gene for miR-192 was investigated. Bioinformatics
analysis predicted that miR-192 may target CAV1 (Fig. 4A). To
determine the association between miR-192 and CAV1, PGL3
luciferase reporter vectors were constructed with wild-type
or its relevant mutant 3'UTR. Subsequently, 293T cells were
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co-transfected with miR-192 mimics and the reporter vectors
containing wild-type or mutant of CAV1 3'UTR. A luciferase
assay was performed to confirm the luciferase intensity of
PGL3/Luciferase-CAV1-3'UTR reporter. The results demon-
strated that luciferase activity was significantly decreased
in the miR-192 and wild-type reporter co-transfected cells
(Fig. 4B). Subsequently, the CAV1 RNA expression level was
evaluated in miR-192-transfected MCF7 and MDA-MB-231
cells. The RT-qPCR results demonstrated that the CAV1 RNA
expression was significantly decreased in miR-192 overex-
pressed cells (Fig. 4C) compared with in untransfected cells.
The correlation between the expression levels of miR-192
and CAV1 was analyzed and the results demonstrated that
miR-192 was negatively correlated with CAV1 mRNA expres-
sion (Fig. S1B). Furthermore, western blot analysis results
further confirmed the decreased expression of CAV1 protein
level (Fig. 4D), with a ~50% decrease in miR-192-transfected
breast tumor cells (Fig. 4E) compared with in untransfected
cells. Collectively, these results indicated that CAV1 expres-
sion is negatively associated with miR-192, and CAV1 may be
a direct target gene of miR-192.

CAVI expression increases in the breast tumor tissue.
Subsequently, the CAV1 expression in breast tumor tissue and
adjacent normal tissues was determined. The RT-qPCR results
demonstrated that CAV1 RNA expression is significantly
increased in tumor tissue (Fig. SA) compared with in normal
adjacent tissue. Western blot analysis data further confirmed
the increased expression of CAV1 protein expression in tumor
tissue (Fig. 5B) compared with in normal adjacent tissue. These
results indicated that the expression of CAV1 was elevated in
breast tumor tissue.

Downregulation of CAVI inhibits breast tumor cell prolif-
eration and induces cell apoptosis and cell cycle arrest. To
investigate the role the CAV1 in the regulation of tumor cell
proliferation, downregulation of CAV1 was introduced in the
breast tumor cells line MCF-7 and MDA-MB-231 cells by
infecting cell with siRNA-CAV1 and siRNA-control. CAV1
expression was significantly reduced following siRNA-CAV1
infection (Fig. 6A and B) compared with the siRNA-control
group. The colony formation experiment demonstrated
that tumor cell growth is inhibited by downregulation of
CAV1 (Fig. 6C) compared with the siRNA-control group.
Additionally, the colony formation rate in the siRNA-CAV1
group was only 30% of the siRNA-control group (Fig. 6D).
Cell viability was also decreased in the siRNA-CAV1
infected MCF-7 and MDA-MB-231 cells (Fig. 6E and F)
compared with the siRNA-control group. Since cell prolif-
eration was inhibited by the CAV1 expression, the effect
of CAVI on tumor cell apoptosis was evaluated. The flow
cytometry analysis results indicated that downregulation of
CAV1 with siRNA-CAVI1 increased tumor cell apoptosis, as
demonstrated by staining the infected cells with Annexin V
and PI (Fig. 6G). The apoptotic cell ratio increased ~2-folds
in the CAV1 downregulation cells, compared with the
siRNA-control infected cells (Fig. 6H) in MCF-7 and
MDA-MB-231 cells. Flow cytometry analysis also demon-
strated that downregulation of CAV1 significantly increased
the number of cells in the GO/G1 phase and decreased the
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Figure 2. Overexpression of miR-192 inhibits the proliferation of breast cancer cells. (A) Reverse transcription-quantitative polymerase chain reaction was
used to detect the transfection efficiency of miR-192 mimics in MCF-7 and MDA-MB-231 cells. (B and C) MTT assay was performed to detect cell survival.
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number of cells in the S phase, while there was no significant ~ Discussion

change in the G2/M phase (Fig. 61 and J). Collectively, these

results demonstrated that downregulation of CAV1 inhibits = The abnormal expression of miRNAs serves an important role
breast tumor cell proliferation, and induces cell apoptosis  in the cancer development and progression (22,23). Numerous
and cell cycle arrest. miRNAs, including miR-192, serve as tumor suppressors and
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their aberrant expression serves critical roles in numerous
human cancer types, including breast cancer, prostate cancer
and colon cancer (20,24). In 2003, miR-192 was confirmed
by Lim er al (14). It is demonstrated to serve various roles in
different human cancer types, such as gastric cancer, prostate
cancer and neuroblastoma (17,25,26). It has been demonstrated
to be overexpressed in gastric cancer, hepatocellular carcinoma

and neuroblastoma, while downregulated in colorectal cancer
and hematological disorders, as well as in lymphoblastic
leukemia (16-20). However, the expression of miR-192 and
the role of miR-192 in breast cancer remain elusive. Breast
cancer, which is the most commonly diagnosed cancer type
in females, is still considered the secondary leading cause of
cancer mortalities among females worldwide (1). Thus, it is
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necessary to elucidate the role of miR-192 in the development
of breast cancer. In the present study, the results indicated that
miR-192 expression is significantly decreased in breast tumor
tissue. This observation is accordance with other studies,
which reported that miR-192 serves a tumor suppressor role
and is downregulated in different tumor types (25-27). Further
results demonstrated that overexpression of miR-192 in breast
tumor cells significantly inhibited tumor cell proliferation and
colony formation. Furthermore, overexpression of miR-192
induced tumor cell apoptosis and cell cycle arrest in the
GO0/G1 phase. Collectively, these results indicate that miR-192
may serve as a tumor suppressor in breast cancer.
Bioinformatic analysis predicted that miR-192 may target
CAV1. CAV], a 21 KDa protein encoded by the CAVI gene,

is ubiquitously expressed in all cell types (28). In the past
two decades, researchers focused on investigating the role
of CAV1 in the tumor development determined that CAV1 is
overexpressed in liver, colon, breast, kidney, lung and other
cancer types (29). CAV1 has been reported to serve opposite
roles as a tumor promotor or tumor suppressor, dependent on
the cancer type and stage (28,30). Previous studies reported
that high expression of CAV1 induces tumorigenesis by
inhibition of apoptosis, facilitation of anchorage-independent
growth, antitumor drug resistance and promotion of tumor
metastasis (30-32). Regarding its tumor suppressor role,
overexpression of CAV1 inhibits tumor cell progression and
prolonged survival rate in hepatocellular carcinoma (33,34).
Thus, investigation of the expression and regulation of CAV1
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by miRNA in breast tumor and breast tumor cells will further
enhance the understanding of the role of CAV1 in breast cancer.

In the present study, it was demonstrated that miR-192
directly targets CAV1. CAV1 expression in breast tumor
tissue and breast protein expression is negatively regulated by
miR-192. Overexpression of miR-192 significantly decreased

CAV1 expression in breast tumor cells. This result indicated
that miR-192 negatively regulates the expression of CAV1.
Furthermore, the present data also demonstrated that CAV1
expression is increased in breast tumor tissues, compared with
adjacent normal tissues. Downregulation of CAV1 in tumor
cell inhibited tumor cell proliferation, and induced tumor cell
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apoptosis and cell cycle arrest. Therefore, these results demon-
strated that miR-192 serves an important role in the regulation
of breast tumor cell proliferation and apoptosis. miR-192
directly targeted CAV1, which was highly expressed in breast
tumor tissues and tumor cells, to inhibit tumor growth and
progression. Thus, the miR-192/CAV1 axis may have a poten-
tial as a therapeutic target for the treatment of breast cancer.

miR-192 expression was decreased in breast tumor tissues.
Additionally, overexpression of miR-192 inhibited breast
tumor cell proliferation, and induced tumor cell apoptosis and
cell cycle arrest in the GO/G1 phase. Furthermore, miR-192
directly targeted CAV1 and negatively regulated the expression
of CAVI in breast tumor cells. CAV1 was highly expressed in
breast tumor and downregulation of CAV1 inhibited tumor cell
proliferation and induces tumor cell apoptosis and cell cycle
arrest. Thus, the miR-192-CAV1 axis should be investigated as
a potential target for treatment of breast cancer.
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