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MicroRNA-130a inhibits cell proliferation, invasion and
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Abstract: MiR-130a has been demonstrated to play important roles in many types of cancers. Nevertheless, its bio-
logical function in breast cancer remains largely unknown. In this study, we found that the expression level of miR-
130a was down-regulated in breast cancer tissues and cells. Overexpression of miR-130a was able to inhibit cell
proliferation, invasion and migration in MCF7 and MDA-MB-435 cells. With the bioinformatics analysis, we further
identified that RAB5A was a directly target of miR-130a, and its mRNA and protein level was negatively regulated
by miR-130a. Immunohistochemistry verified RAB5A was upregulated in breast cancer tissues. Therefore, the data
reported here demonstrate that miR-130a is an important tumor suppressor in breast cancer, and imply that miR-

130a/RAB5A axis have potential as therapeutic targets for breast cancer.
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Introduction

Breast cancer is the most common cancer in
women around the world, which can be influ-
enced by a number of environmental factors
and is characterized by molecular heterogene-
ity [1]. Although the implementation of screen-
ing programs and the development of new ther-
apeutics in the last 20 years have significantly
reduced mortality rates, the molecular mecha-
nisms underlying breast cancer pathogenesis
are only partially understood [2].

MicroRNAs (miRNAs) are a class of small non-
coding RNAs, which play an important role in
regulating gene function through targeting
mMRNAs for translational repression or degrada-
tion [11]. It has been shown that miRNAs play a
crucial role in carcinogenesis and tumor pro-
gression serving as oncogenes or tumor sup-

pressor genes [3]. miRNAs are implied to influ-
ence cell proliferation, apoptosis, invasion,
migration and EMT [4, 5]. With deregulated
expression in several cancers including breast
cancer, miRNAs are evolving as potential diag-
nostic and therapeutic markers [6]. Overex-
pression of oncogenic miRNAs or underexpres-
sion of tumor suppressor miRNAs plays a criti-
cal role in tumorigenesis [15, 16]. MiR-130a
has been described participating in different
pathogenesis, involving hepatocellular carcino-
ma [7], cervical cancer [8], ovarian cancer [9],
glioblastoma [10], prostate carcinoma [11], leu-
kemia [12], etc. To date, a cohort of genes relat-
ed to different cancer pathways have been
identified and validated as targeted genes of
miR-130a, such as TNF-a [8], Cx43 [13], Runx3
[14], XIAP [9], ATG2B [12], DICER1 [12], MAFB
[15], Smad4 [15], GAX [16, 17], MET [18], FOG-2
[19], HOXAS [17]. However, the role of miR-130a
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in human oral carcinogenesis remains largely
unknown.

In the present study, we have investigated the
role of miR-130a in the regulation of RAB5A
expression in breast cancer cells. We deter-
mined that RAB5A was up-regulated and miR-
130a was down-regulated in breast cancer tis-
sues and cells. Our findings also demonstrated
that miR-130a over-expression leads to inhibit-
ed growth, invasion and migration in breast
cancer cells. Our findings demonstrated that
the 3’'UTR of RAB5A contains a putative binding
site for miR-130a. Furthermore, we experimen-
tally showed that miR-130a directly targets the
3'UTR of RAB5A to suppress its mRNA and pro-
tein expression. Therefore, miR-130a may
mediate its tumor suppressor function in breast
cancer, at least in part, by suppressing the
expression of RABDBA. Altogether, our study
characterized a novel microRNA-mediated
mechanism of RAB5Aregulation and suggests
tumor inhibiting actions of miR-130a in breast
cancer cells.

Materials and methods
Patient samples

Breast cancer tissues and adjacent normal tis-
sues were collected in the First Affiliated
Hospital of Lanzhou University from January
2009 to December 2013. All the patients
recruited into the present study did not receive
radiotherapy or chemotherapy or any other
treatment before and after operation. Surgical
specimens of the tumor resection were collect-
ed, and lumps of tumors as well as adjacent
normal tissues, which were at least 2 cm distal
to tumor margins, were snap-frozen in liquid
nitrogen for miR-130a and RAB5A assay.
Written informed consent was obtained from all
study participants. The use of tissue samples
were approved by the ethical committees of the
First Affiliated Hospital of Lanzhou University.

Cell culture and transfection

The breast cancer cell lines (MCF-7 and MDA-
MB-435) were obtained from the ATCC and
maintained in RPMI 1640 with 10% fetal bovine
serum (FBS) and 1% antibiotics (Invitrogen,
USA). Transfection of the cells with miR-130a
mimics or miR-Control (Genepharma, China)
was performed using Lipofectamine 2000
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(Invitrogen, USA) according to the manufactur-
er’'s instructions.

Cell viability assay

MCF-7 and MDA-MB-435 cells were seeded in
24-well plates overnight and then transfected
with miR-130a or miR-NC) (final concentration
200 nM). Afterwards, cells were trypsinized and
counted, seeded in 96-well plates (in triplicate)
for an MTT assay at a density of 8,000 cells/
well (MCF-7) or 10,000 cells/well (MDA-
MB-435), and incubated at 37°Cfor 24 h. Then,
at 24, 48 and 72 h after cell seeding, 10 yl MTT
(0.5 mg/ml; Sigma-Aldrich, USA) was added to
each well (20 pl/well), and the cells were main-
tained at 37°C for another 4 h. The medium
was removed, and the precipitate was dis-
solved in 100 uyl DMSO (Sigma, USA). After
shaking for 15 min, the absorbance at 570 nm
(A570) was measured using an ELISA reader at
a wavelength of 570 nm.

Colony formation assay

Following transfection in 24-well plates as
described above, MCF-7 and MDA-MB-435
cells were counted and seeded in 12-well
plates (in triplicate) at a density of 200 cells/
well. The plates were incubated at 37°Cina 5%
CO, humidified incubator. The culture medium
was replaced every 3 days. After 14 days in cul-
ture, cells were stained with crystal violet and
counted. Colonies with at least 50 cells were
considered for quantification.

Transwell invasion and migration assay

Invasion assay was performed with the
Transwell chamber with 8 um pores (Corning,
USA). Fifty microliters diluted matrigel (2 mg/
ml, BD Biosciences, Bedford, MA) was placed
on the inner surface. MCF-7 and MDA-MB-435
cells were transfected for 24 h and isolated to
make a final concentration at 2 x 10%/ml, which
then placed on the top chamber. RMPI11640
with 20% FBS was added to the bottom cham-
ber. After 24 h, non-invading cells were removed
from the top of the Matrigel with a cotton-tipped
swab. Invading cells at the bottom of the
Matrigel were fixed in methanol and stained
with Crystal violet. The invasiveness was deter-
mined by counting the penetrated cells under a
microscope at x 200 maghnification of 5 ran-
dom fields in each well. Each experiment was
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Figure 1. Expression miR-130a in breast cancer tissues and cells. A. miRNAMap 2.0 was used to search the miR-
130a expression profiles in human cancers; B. Relative expression of miR-130a (normalized to U6) was detected
using qRT-PCR in breast cancer cells, MCF-7 and MDA-MB-435, compared with the non-malignant breast epithelial
cell MCF-10A; C. Relative expression of miR-130a in breast cancer tissues and adjacent normal tissues; *P < 0.05.

performed in triplicate. For the transwell migra-
tion assay, the process was similar with the
transwell invasion assay except the inner sur-
face of the chamber without matrigel.

Wound healing migration assay

MCF-7 and MDA-MB-435 cells were transfect-
ed for 24 h, and isolated to make a final con-
centration at 2 x 105/ml, which then plated in
twelve-well plates (2 x 105/well) for 24 h. When
the cells reached 90% confluence, sterile
pipette tips was used to scratch the wound uni-
formly. Cell motility was assessed by measuring
the movement of cells into a scraped wound.
The speed of wound closure was monitored
after 72 h by measuring the distance of the
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wound from O h. Each experiment was conduct-
ed in triplicate.

Western blotting

The cells were washed twice with cold PBS and
total cellular protein was extracted using a
modified RIPA buffer with 0.5% sodium dodecyl
sulfate (SDS) in the presence of proteinase
inhibitor cocktail (Complete mini, Roche). The
protein concentration in the supernatants was
determined using Bradford protein dye reagent
(Bio-Rad, Hercules, CA) and equal amounts of
protein lysates were separated on SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a polyvinylidene difluoride
membranes (Bio-Rad, Hercules, CA, USA). The
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Figure 2. miR-130a inhibits the proliferation of breast cancer cells. A. QRT-PCR was used to detect the transfection
efficiency of miR-130a mimics in MCF-7 and MDA-MB-435 cells; B and C. Cell survival was determined by MTT as-
say; D and E. The long term cell growth as determined by colony formation assay *P < 0.05.

membranes were blocked with 5% non-fat milk,
followed by incubation with antibodies against
RABS5A (1:1000, Proteintech, China) or GAPDH
(1:1000, Proteintech, China). GAPDH was used
as an internal control. As a secondary antibody,
horseradish peroxidase (HRP) conjugated sec-
ondary antibody was used, then visualized with
enhanced chemiluminescence (ECL) reagents
(Amersham Pharmacia; Buckinghamshire, UK)
according to the manufacturer’s protocol.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

RNA extraction of the cells or tissue samples
was performed using the mirVana miRNA
Isolation Kit (Ambion, USA) according to the
manufacturer’s instructions. For quantitative
real-time PCR, RNA was first reversely tran-
scribed into cDNA using SuperScript Il reverse
transcriptase (Invitrogen). Large RNAs (larger
than 200 nt) and small RNAs (smaller than 200
nt) were separated and purified in this proce-
dure. For miRNA detection, 2 pyg of small RNA
was reverse transcribed to cDNA using M-MLV
(Promega, USA). RT-gPCR analysis for miR-
130a was performed in triplicate with an SYBR
Green | realtime PCR kit (GenePharma,
Shanghai, China) according to the manufactur-
er's instructions with the ABI 7300 Real-Time
PCR System. The expression of miR-130a was
normalized to the levels of U6 RNA. To detect
the RAB5A gene, 5 pg of large RNA was reverse
transcribed to cDNA using oligo (dT) primers
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and M-MLV. The expression level of RAB5A
mMRNA was normalized to that of GAPDH mRNA.
The change in expression level was calculated
using the 222 *method. A two-tailed t-test (P <
0.05 was identified to indicate a statistically
significant difference) was performed to identi-
fy the differentially expressed miR-130a or
RABDSA.

Construction of 3’'UTR reporter plasmid and
luciferase assay

The human RAB5A 3’UTR harboring miR-130a
target sequence as well as the seed-sequence
mutated version (RAB5A-3'UTR-mut) were syn-
thesized by GenPharm (Shanghai, China), The
RAB5A 3'UTR reporter was generated by insert-
ing the entire 3’'UTR or 3’UTR-mut of human
RAB5A mRNA into Xhol/Notl sites of psi-
CHECK-2 vector (Promega) downstream of the
Renilla luciferase gene. For the luciferase
assay, 1 x 10°cells were transfected along with
the RAB5A-3’UTR (or RAB5A-3'UTR-mut) report-
er and the miR-130a mimics (or miR-NC) in a
24-well plate using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
protocol. After 24 h, firefly and Renilla lucifer-
ase activities were measured consecutively
using Dual Luciferase Assay (Promega).

Immunohistochemistry

The immunohistochemical analysis for RAB5A
in clinical samples was performed as follows.
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Figure 3. miR-130a represses the invasion and migration of breast cancer cells. A and B. Transwell invasion as-
say with matragel were performed in miR-130a or miR-NC transfected MCF-7 and MDA-MB-435 cells; C and D.
Transwell migration assay without matragel were performed in miR-130a or miR-NC transfected MCF-7 and MDA-
MB-435 cells; E and F. Wound healing assay was performed in MCF-7 and MDA-MB-435 cells transfected with miR-

130a or miR-NC *P < 0.05.

The breast cancer tissues or paraffin-embed-
ded and cut with a thickness of 4 um. Slides
were deparaffinized in xylene twice for 10 min
and rehydrated through descending concentra-
tion of ethanol. Antigen retrieval was performed
in 0.01 mol/L citrate buffer (pH 6.0) by micro-
wave oven for 10 min at 98°C to 100°C.
Endogenous peroxidase activity was blocked
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using 3% hydrogen peroxide (in fresh methanol)
for 10 min at room temperature. After washing
with phosphate-buffered saline (PBS), the sec-
tions were incubated with blocking serum for
one hour. Then, tissues were incubated with
rabbit RAB5A antibody at 4°C overnight. As a
secondary antibody, horseradish peroxidase
(HRP) labeled rabbit anti-mouse I1gG (Dako

Int J Clin Exp Pathol 2015;8(1):384-393
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Envision plus System) was used. Positive stain-
ing was visualized with DAB. Slides were evalu-
ated by two blinded observers.

Statistical analysis

A Student’s test was performed to analyze the
significance of differences between the sample
means obtained from three independent exper-
iments. Differences were considered statisti-
cally significant at P < 0.05.

Results

Relative expression of miR-130a in breast can-
cer tissue and cell lines

Here, miRNAMap 2.0 (http://miRNAMap.mbc.
nctu.edu.tw/) was used to search the miR-130a
expression profiles in human cancers, and we
found that miR-130a was generally downregu-
lated in various cancers, such as prostate can-
cer, liver cancer, lung cancer and melanoma,
etc (Figure 1A). Furthermore, the result showed
miR-130a was also downregulated in breast
cancer tissues. To further confirm the result, 10
pairs of breast cancer tissues and adjacent
normal tissues were collected and gRT-PCR
was performed, which verified that miR-130a
was generally downregualted in these cancer
tissues (Figure 1C). In addition, we detected
the expression of miR-130a in breast cancer
cells. As shown is Figure 1B, miR-130a expres-
sion was markedly downregulated in MCF-7 and
MDA-MB-435 cells compared with the non-
malignant breast epithelial cell MCF-10A, and
the expression of which was significantly higher
in highly metastatic cells, MDA-MB-435, com-
pared with low metastatic MCF-7 cells.

MiR-130a can suppress breast cancer cells
proliferation

To investigate the function of miR-130a in
breast cancer cells lines, MCF-7 and MDA-
MB-435, were transfected with miR-130a mim-
ics. As shown in Figure 2A, we confirmed that
miR-130a mimics can increase the expression
of miR-130a by 3-fold and 4-fold in MCF-7 and
MDA-MB-435 cells, respectively. MTT assays
were then performed to examine the effects of
miR-130a on cell growth in vitro. Our data dem-
onstrated that relative cell growth was inhibited
in miR-130a mimics transfected cells (Figure
2B, 2C). To assess the effect of miR-130a on
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the long-term proliferation capacity, colony for-
mation assay was performed and showed that
miR-130a can markedly inhibit the cells prolif-
eration capacity (Figure 2D, 2E).

MiR-130a can suppress breast cancer cells
invasion and migration

To further investigate whether miR-130a
affects cell metastasis, transwell assay and
wound healing assay were performed. Transwell
invasion assay with matragel demonstrated
that miR-130a mimics can inhibit the invasion
of MCF-7 and MDA-MB-435 cells by 80%
(Figure 3A, 3B), and transwell migration assay
without matragel further showed that miR-
130a can suppress MCF-7 and MDA-MB-435
cells migration by 78% (Figure 3C, 3D).
Furthermore, we used wound healing assay to
detect the function of miR-130a on cell migra-
tion. As shown in Figure 3E, 3F, the miR-130a
mimics inhibited the potential of MCF-7 and
MDA-MB-435 cells migration. These results
suggested that miR-130a can suppress breast
cancer cells invasion and migration.

miR-130a directly targets the 3'TUR of RAB5A

In order to explore the potential target for miR-
130a, five computational algorithms, DIANA,
miRDB, TargetScan, miRwalk and miRanda,
were used and a large number of different tar-
get genes were predicted. Among these candi-
date miRNAs, RAB5A attracted our attention
immediately which was predicted by all five
algorithms (Figure 4A). To understand whether
the effect of miR-130a on RAB5A is specific, we
employed the 3’UTR luciferase reporter assay,
which showed miR-130a had an obvious effect
on inhibiting the luciferase intensity of wild-type
3'UTR luciferase reporter in MCF-7 and MDA-
MB-435 cells. However, the inhibitory effect of
miR-130a was abrogated in the presence of
mutant 3’'UTR luciferase reporter (Figure 4B).
These results provide evidence that miR-130a
can directly target the 3'UTR of RAB5A mRNA

Endogenous level of RAB5A can be inhibited
by the overexpression of miR-130a

To further test whether miR-130a could influ-
ence the endogenous RAB5SA expression, qRT-
PCR was performed and enforced expression
of miR-130a induced 70% reduction of endog-
enous RAB5A mRNA expression in MCF-7 and

Int J Clin Exp Pathol 2015;8(1):384-393
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Figure 4. miR-130a can directly target the 3'UTR of RAB5A and regulate RAB5A expression. A. An illustration of
pmiRGLO/3’UTR-luciferase plasmid in which the RAB5A-3’UTR (wild-type or mutated version) were ligated down-
stream of the luciferase gene; B. MCF-7 cells was transfected with miR-130a or miR-NC to analyze the effect on
the luciferase intensity of pGL3/Luciferase-RAB5A-3’UTR-WT or RAB5A-3'UTR-mut reporter *P < 0.05; C and D.
gRT-PCR was used to detect the mRNA expression of RAB5A in MCF-7 and MDA-MB-435 cells transfected miR-130a
or miR-NC; E. Western blot was used to detect the protein expression of RAB5A in MCF-7 and MDA-MB-435 cells
transfected miR-130a or miR-NC; F. The protein expression of RAB5A in Normal tissue, adjacent normal tissue and
breast cancer tissue was detected by immunohistochemistry *P < 0.05.

MDA-MB-435 cells (Figure 4C, 4D). Furth- directly targets the 3’'UTR of RAB5A mRNA to
ermore, Western blot assay confirmed that suppress its mRNA and protein expression.
overexpression of miR-130a can significantly

suppress the protein level of RAB5A (Figure Discussion

4E). In addition, we determined the protein

expression RABSA was significantly higher in MiRNAs have been found to be involved in
breast cancer tissues compared with adjacent physiological and pathological processes.
normal tissues (Figure 4F), which was generally Deregulated expression of miRNAs is a com-
inversely correlated with the expression of miR- mon feature of many tumor entities, including
130a in breast cancer tissues (Figure 1). Thus, breast cancer. The biological role of these miR-
these results provide evidence that miR-130a NAs in tumor development and progression is
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however still unclear. The aim of this study was
therefore a functional analysis of miR-130a in
breast cancer, which were shown to be under-
represented in miR-130a in other types of can-
cer, such as lung cancer [18], prostate carcino-
ma [11] and hepatocellular carcinoma [7].

In this study, we found that miR-130a was
downregulated in breast cancer tissues and
cells. These findings pushed us into consider-
ing whether miR-130a have the potential to
regulate cellular phenotypes. To date, a series
of miRNAs have been experimentally verified to
be associated with cellular proliferation, inva-
sion and migration, including miR-7 [20], miR-
15a [21], miR-34a [22], miR-146a [23], miR-
191 [24], miR-204 [25], miR-210 [26], miR-214
[27], miR-335 [28], etc. We experimentally veri-
fied that miR-130a is a candidate tumor sup-
pressor of breast cancer cells, as we found that
overexpression of miR-130a induced the inhibi-
tion of proliferation, invasion and migration in
MCF-7 and MDA-MB-435 cells. Our finding
expanded the list of miRNA members involved
in breast cancer pathogenesis.

MiRNA possesses diverse roles that up- or
down-regulate target gene expression [29, 30].
To identify the miR-130a target genes respon-
sible for its effects on breast cancer cells, we
used bioinformatics and functional knowledge
associated with miR-130a and chose RAB5A as
a candidate gene for further study. In the 3'UTR
luciferase reporter assay, the expression of the
luciferase reporter plasmid containing the
RAB3A 3’UTR was repressed by miR-130a, and
the mutated RAB5A 3'UTR abolished this
effect. Furthermore, gRT-PCR and Western blot
analysis showed that miR-130a decreased
RAB5A mRNA and protein expression levels in
breast cancer cells compared with the control.
Together, these data suggest that miR-130a
downregulates RAB5SA expression by binding to
its 3'UTR. It has been described that Rab5a is
significantly overexpressed in ovarian cancer,
lung cancer, hepatocellular carcinoma and cer-
vical carcinomas [31]. Furthermore, RABSA
was found to be upregulated in breast cancer
tissues by immunohistochemistry analysis in
our study. This fact further provides us demon-
strated that the downregulation of miR-130a
may be the reason for the upregulation of
RAB5A in breast cancer tissues.

The finding that miR-130a targets the protein
RABDSA for repression highlights an important
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facet of miRNA-mediated regulation of critical
cellular events in breast cancer. RAB5A (RAB
GTPase 5A), a member of the Rab subfamily of
small GTPases, has been demonstrated to act
as an oncogene and has been associated with
various key cellular functions, including prolif-
eration and differentiation, gene expression,
signal transduction, vesicle trafficking, nuclear
assembly, and reorganization of cytoskeleton.
Recent findings have revealed that the overex-
pression of RABSA gene was correlated with
the metastatic potential and malignant degree
of lung and stomach cancer [32]. It was also
reported that RAB5A was involved in EGF sig-
naling pathway and migration in hepatocellular
carcinomas [33]. Moreover, Rab5a was proved
to be required for the activation of Rac, a mem-
ber of the Rho GTPases subfamily, and involve
in the regulation of actin cytoskeleton remodel-
ing [34-36]. Therefore, our findings reveal
another layer of posttranscriptional RAB5A
regulation involving miR-130a, and it needs our
further investigation of the miR-130a/RAB5A
axis in the regulation of EGF and Rac pathway
in breast cancer pathogenesis.

Taken together, our results show that miR-130a
plays a inhibitory role in breast cancer cell pro-
liferation, invasion and migration. We identified
RAB5A, as a direct target gene of miR-130a.
The understanding of the miR-130a/RAB5A
regulatory network offers a great potential for
the intelligent multitargeted design of new
breast cancer cancer therapies.
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