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microRNA-103 regulates the growth and invasion of
endometrial cancer cells through the downregulation
of tissue inhibitor of metalloproteinase 3
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Abstract. Despite improvements in treatment over the past few
decades, endometrial cancer remains one of the most common
causes of mortality in women and there is an urgent need for
the development of targeted therapies. The aim of this study
was to confirm the target gene of miR-103 in human endome-
trial cancer and investigate the biological functions in which
miR-103 is involved through the regulation of the expression
of its target gene. This study may provide useful data to gain a
better understanding of the effect of miR-103 in tumor forma-
tion. miR-103 expression levels were measured using real-time
quantitative PCR. The effect of miR-103 on tissue inhibitor
of metalloproteinase 3 (TIMP-3) expression was assessed
in endometrial cancer cell lines with a miR-103 inhibitor to
decrease the level of miR-103 expression. Furthermore, the
roles of miR-103 in cell growth and invasion were analyzed
using miR-103 inhibitor-transfected cells. The level of expres-
sion of miR-103 decreased following transfection with the
miR-103 inhibitor. miR-103 inhibitor transfection increased
the activity of the luciferase reporter assay containing the
TIMP-3 3'-untranslated region (UTR) construct and increased
the levels of the TIMP-3 protein but not its mRNA in endome-
trial cancer cell lines. Finally, miR-103 inhibitor-transfected
cells exhibited reduced cell growth and invasive characteri-
stics. Our data suggested that miR-103 post-transcriptionally
downregulates the expression of the tumor suppressor TIMP-3
and stimulates growth and invasion in endometrial cancer
cell lines. This provides a possible therapeutic target that may
upregulate TIMP-3 in endometrial cancer.
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Introduction

Endometrial cancer is one of the most common types of
female cancer and it seriously endangers the health of women.
Therefore, research on the pathogenesis and novel therapeutic
approaches to endometrial cancer is of great significance.
microRNAs (miRNAs) are a class of small non-coding RNAs
of approximately 22 nucleotides in length, which regulate gene
expression in animals and plants by targeting mRNAs at the
3'-untranslated regions (UTRs) for cleavage or translational
repression. The results of previous studies showed that over
half of the miRNAs may be aligned to genomic fragile sites or
regions associated with cancer (1), indicating that miRNA may
be significant in cancer pathogenesis, development and metas-
tasis. The aberrant expression of miRNA has been reported in
various tumors, including lung, colon, breast, liver and gastric
cancer (2-5), indicating that there is a close correlation between
miRNAs and human malignancy.

The aberrant overexpression of miR-103 was first identified
in endometrial cancer by Boren ef al (6) and Chung et al (7).
Boren et al found that miR-103 may be associated with the
development of endometrial cancer and suggested tissue inhi-
bitor of metalloproteinase 3 (TIMP-3) as a potential target for
miR-103. Later studies suggested that miR-103 was aberrantly
overexpressed in various types of cancer. For example, 10
miRNAs, including miR-103, were found to be upregulated
in bladder cancer (8). miR-103 maps near the homeobox
(HOX) genes, which are crucial for normal development and
oncogenesis. Yang et al (9) reported that the overexpression of
miR-103 may be involved in the tumorigenesis of erythroleu-
kemia by arresting erythroid maturation. Guo et al (10) found
that the high expression of has-miR-103/107 was correlated
with poor survival by univariate and multivariate analyses.
More recently, the results of other studies have indicated that
miR-103 affects neuronal migration by modulating CDK5R1
expression (11). However, as yet, no studies have investigated
the effects of miR-103 in endometrial cancers. The mechanism
by which miR-103 affects cancer development and progres-
sion is not fully understood. Previous studies suggested that
the attenuated expression of TIMP-3 exists in various types
of cancer, including chorionic, prostatic and esophageal carci-
nomas and melanotic cancer (12-15). At present, no studies
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investigating TIMP-3 expression in endometrial cancer have
been published.

In this study, we aimed to evaluate the possible involve-
ment of miR-103 in endometrial carcinogenesis and to reveal
any correlation between miR-103 and TIMP-3. The results of
this study may aid the understanding of the effects of miR-103
in the tumorigenesis and progression of endometrial cancer.

Materials and methods

Cell culture and reagents. The human endometrial cancer cell
lines, HEC-1B (estrogen receptor-negative; from our labora-
tory) and Ishikawa (estrongen receptor-positive; donated by
Professor Wei Lihui, Medical College of Beijing University)
were grown in a-MEM (Gibco, Darmstadt, Germany) supple-
mented with 10% fetal bovine serum (Gibco), 100 U/ml
of penicillin and 100 pg/ml of streptomycin (Gibco). The
cells were incubated at 37°C in a humidified chamber
supplemented with 5% CO,. The anti-miR-103 oligonucle-
otide and control negative oligonucleotide (negative control)
were purchased from Ambion (Carlsbad, CA, USA). The
TIMP-3 antibody was purchased from Abcam (Cambridge,
MA, USA), GAPDH antibody from Sigma (Steinheim,
Germany) and goat anti-mouse IgG from Bio-Rad (Hercules,
CA, USA). The primer sequences used were: miR-103 RT
primer: GTCGTATCCAGTGCAGGGTCCGAGGTAT
TCGCACTGGATACGACTCAGCC; miR-103 forward:
GAGCAGCATTGTACAG and reverse: GTGCAGG
GTCCGAGGT: U6 forward: CTCGCTTCGGCAGCACA
and reverse: AACGCTTCACGAATTTGCGT; TIMP-3
forward: AGTTACCCAGCCCTATGA and reverse: GCA
AAGGCTTAAACATCT, fB-actin forward: CGTGGG
CCGCCCTAGGCACCA and reverse: TTGGCTTAGGG
TTCAGGGGGG. The primers were purchased from Shanghai
Songon (Shanghai, China). Transwell chambers (8 um,
6.5 mm) were purchased from Millipore (Billerica, MA, USA)
and Matrigel was purchased from BD Biosciences (San Jose,
CA, USA).

Cell transfection. Suitable cells were seeded in six-well plates
to ensure that they would reach 30% confluence the following
day. The transfection of the anti-miR-103 or negative control
oligonucleotide was performed using the Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, USA) in antibiotic-free
Opti-MEM (Invitrogen) according to the manufacturer's
instructions, with a final concentration of 15 nM in the
Ishikawa cells and 30 nM in the HEC-1B cells. Following
48 h of transfection, the cells were harvested and processed
for further analysis.

Quantitative reverse transcription (qRT)-PCR analysis of
mRNA and miRNA expression. Total RNA was isolated from
the cells using TRIzol reagent (Invitrogen) to obtain miRNA
and mRNA. For the expression analysis of miR-103 and
TIMP-3, the stem-loop RT and real-time PCR primers were
designed as described above. Briefly, miRNAs and mRNA
were examined by SYBR real-time qRT-PCR (Takara, Dalian,
China) on a 7500 Real-Time PCR system (Applied Biosystems,
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. The relative expression was calculated using the ACT
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method and the expression of miR-103 was normalized using
the 24T method (Pfaffl, 2001) relative to U6-snRNA and
TIMP-3-mRNA was normalized to (3-actin. The qRT-PCR
assays were performed in duplicate and the data were presented
as the mean + standard error of the mean (SEM).

Western blot analysis. Cell lysates were prepared in lysis buffer
containing a protease inhibitor cocktail (Roche Diagnostics,
Mannheim, Germany) following a 48-h transfection with either
anti-miR-103 or the negative control oligonucleotide. The
protein concentrations of the total cell lysates were measured
using the Micro BCA protein assay kit (Pierce Biotechnology
Inc., Rockford, IL, USA) and 80 ug of total cell lysate per
lane was separated by 10% SDS-PAGE, then transferred to a
PVDF membrane (Millipore). The membrane was then soaked
in blocking solution (1X TBS, 10% non-fat dried milk) for
2 h and incubated with anti-actin monoclonal antibody at 4°C
overnight. The following day, the membrane was washed with
TBST six times for 1 h, incubated with the secondary antibody
(goat anti-mouse IgG; 1:5,000; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) for 2 h and washed with TBST six
times for 1 h. Finally, the enhanced chemiluminescence (ECL)
system western blotting detection reagents (Millipore) were
used according to the manufacturer's instructions and exposed
to X-ray film.

Luciferase reporter assay. The 3'-UTR segments of TIMP-3
mRNA containing the miR-103 binding sites were amplified
by PCR from human genomic DNA and inserted into the Xbal
site of the pGL3 vector (Promega Corporation, Madison, WI,
USA), designated pGL3-TIMP-3-wt. pGL3-PTEN-mut, which
had mutations in the predicted miR-103 binding sites, was
constructed as a template. The wild-type or mutant reporter
(300 ng) was co-transfected into Ishikawa and HECI1B
cells in 12-well plates with a Renilla plasmid (10 ng) using
Lipofectamine 2000 (Invitrogen). At 6 h after transfection,
the cells were transfected with anti-miR-103 or the negative
control oligonucleotide. The reporter assay was performed
42 h post-transfection using the Dual luciferase assay system
(Promega) and the firefly luciferase activity of each sample was
normalized to the Renilla luciferase activity.

Cell invasion assays. Transwell invasion experiments were
performed in 24-well Matrigel-coated invasion chambers.
Approximately 2x10* cells in 0.2 ml serum-free a-MEM were
added into each filter of the upper chamber and 0.6 ml of
complete a-MEM was added to the lower chambers. Following
culture for 24 h, the cells on the upper side of the filters were
removed with cotton-tipped swabs and the cells that had
invaded into the lower side of the filter were fixed in methanol
for 15 min, stained with 0.05% crystal violet in PBS for 15 min
and microscopically observed and counted in 5 fields of view
at a magnification of x200. The invasive activity of the cancer
cells was expressed as the mean number of cells that invaded
to the lower side of the filter and the results were shown as
the mean + SD of the number of cells per field of view. The
experiments were repeated at least three times.

Cell proliferation assays. Cell proliferation was assessed
using an MTT assay. Cells (5.0x10° cells/well) were seeded
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Figure 1. TIMP-3 3'-UTR is a direct target for miR-103. (A) Suppression of miR-103 by anti-miR-103 in Ishikawa cells is shown. The cells were frst transfected
with anti-miR-103 or negative control oligonucleotide. The cells were harvested 2 days later and total RNA was extracted using TRIzol reagent. Mature miR-
103 was detected by SYBR qRT-PCR, using U6 RNA for normalization. (B) Suppression of miR-103 by anti-miR-103 in HEC-1B cells is shown. Following
transfection with anti-miR-103 (Anti-miR) or negative control oligonucleotide (Neg Control), mature miR-103 was detected as in (A). (C) An evolutionarily
conserved target sequence for miR-103 is detected in the 3'-UTR of TIMP-3. (D and E) The luciferase assay was performed using Ishikawa and HEC-1B
cells, respectively. The effect of miR-103 on the luciferase activity of pGL3-TIMP-3-wt and pGL3-TIMP-3-mut was measured as described in Materials and
methods. A statistically significant upregulation in luciferase activity was found when the cells were transfected with pGL3-TIMP-3-wt together with anti-
miR-103. pGL3-TIMP-3-wt, vector with wild-type TIMP-3 3'-UTR; pGL3-TIMP-3-mut, vector with mutated TIMP-3 3'-UTR. Each bar is the mean + SEM
from three independent experiments. ‘P<0.05. qRT-PCR, quantitative reverse transcription PCR; UTR, untranslated region.

on 96-well plates. Following the transfection of the Ishikawa
cells by anti-miR-103 for varying time periods (20, 44, 68 and
92 h), 50 pl of MTT (5 mg/ml; Sigma, Chicago, IL, USA) was
added to each well and the cells were incubated for a further
4 h at 37°C. The plates were then agitated for 30 sec and the
optical density (OD) was measured at 490 nm on an enzyme
immunoassay analyzer (Bio-Rad, Tokyo, Japan).

Evaluation of apoptosis. Apoptosis was detected by a flow
cytometric analysis of Annexin V and PE staining. The
Annexin V-FITC versus PE assay was performed following
the manufacturer's instructions. Briefly, adherent cells were
harvested and suspended in the binding buffer (1x10° cells/ml).
The cells were then incubated with Annexin V-FITC and PE
for 15 min at room temperature in the dark and immediately
analyzed by flow cytometry (BD Biosciences).

Statistical analysis. Statistical analysis was performed using
the SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). The

values are presented as the mean = SEM. The differences/
correlations between the groups were calculated using the
Student's t-test and analysis of variance. P<0.05 was consi-
dered to indicate a statistically significant result.

Results

miR-103 directly targets TIMP-3 3'-UTRs. The mature sequence
of miR-103 (5~ AGCAGCAUUGUACAGGGCUAUGA-3'") was
retrieved from the miRBase Sequence Database, release 14
(http://microrna.sanger.ac.uk/sequences/). A bioinformatics
search (http://diana.pcbi.upenn.edu/cgi-bin/TargetCombo.cgi),
revealed that an evolutionarily conserved target sequence for
miR-103 is located in the 3'-UTR of TIMP-3 (Fig. 1C). This
suggests that it is a target for miR-103. To validate whether
TIMP-3 is a direct target of miR-103, we performed a luciferase
reporter assay. The decreased level of expression of miR-103
upon transfection, confirmed by qRT-PCR (Fig. 1A and B),
significantly affected the luciferase expression, measured as
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Figure 2. Inhibition of miR-103 upregulates TIMP-3 protein expression in endometrial cancer cells. Ishikawa and HEC-1B cells were transfected with
anti-miR-103 (Anti-miR) or negative control oligonucleotide (Neg Control) and the TIMP-3 protein level was detected by western blot analysis. The GAPDH
protein was regarded as an endogenous normalizer. (A and C) Inhibition of miR-103 upregulates the endogenous TIMP-3 protein expression in Ishikawa and
HEC-1B cells. (B and D) A significant increase in TIMP-3 activity was detected in Ishikawa and HEC-1B cells transfected with anti-miR-103, compared with
the other two groups. Each bar is the mean + SEM from three independent experiments. "P<0.05.

relative luciferase activity (Fig. 1D and E). The results revealed
a statistically significant upregulation of luciferase activity in
Ishikawa and HEC-1B cells when these cells were transfected
with pGL3-TIMP-3-wt together with the miR-103 inhibitor,
but not with any other combination. These results confirm the
bioinformatic predictions, indicating that the TIMP-3 3'-UTR
is a direct target of miR-103.

Inhibition of miR-103 upregulates TIMP-3 protein expres-
sion in endometrial cancer cells. If miR-103 targets the
TIMP-3 3'-UTR, the TIMP-3 protein expression levels should
be inversely correlated with miR-103 expression levels. A
western blot analysis of TIMP-3 expression was performed
in two endometrial cancer cell lines, in which the knockdown
of miR-103 expression following transfection was confirmed
by qRT-PCR. As expected, the TIMP-3 protein levels were
significantly increased in the two cell lines which were trans-
fected with anti-miR-103, compared with those transfected
with the negative control oligonucleotide and the untreated
endometrial cancer cells (Fig. 2). These results are consistent
with the hypothesis that miR-103 is able to target TIMP-3
and thereby influence the amount of TIMP-3 protein in the
cells. We also measured the TIMP-3 mRNA expression by
qRT-PCR, but the difference was not statistically significant
(data not shown).

Inhibition of miR-103 reduces the growth and invasion of
endometrial cancer cells. The impact of the modulation of
miR-103 expression on cell growth and viability following

transfection was tested using the MTT assay. No significant
difference was observed in the light absorption values between
the untreated and negative control groups (Fig. 3A). The cells
that were transfected with anti-miR-103 showed slow prolif-
eration and the inhibition rates at 48, 72 and 96 h following
transfection were 20.70, 40.63 and 35.92%, respectively, indi-
cating that cell proliferation was suppressed by the transfection
of anti-miR-103 (Fig. 3A). To evaluate the effect of miR-103
downregulation on the invasion of endometrial cancer cells,
a cell invasion assay was performed. Cells were grown in
the upper chamber and assessed for invasion through the
Matrigel toward a chemoattractant (10% serum) in the lower
chamber. The number of invasive HEC-1B and Ishikawa cells
transfected with anti-miR-103 were significantly reduced
relative to those with control oligonucleotide (Fig. 3A and B).
miR-103 silencing resulted in a 42.86% decrease in the number
of invasive Ishikawa cells (Fig. 3C; P<0.05). Similarly, the
silencing of miR-103 in HEC-1B cells significantly inhibited
cell invasion, with a 45.45% decrease in the number of inva-
sive cells (Fig. 3C; P<0.05). The Annexin V-FITC versus PE
assay showed that anti-miR-103 had no effect on the apoptosis
of the Ishikawa and HEC-1B cells. Taken together, these data
suggest that miR-103 is essential for tumor cell growth and
invasion in vitro.

Discussion

This is the first study to show that the tumor suppressor TIMP-3
is negatively regulated by miR-103 at the post-transcriptional
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Figure 3. miR-103 affects endometrial cancer cell growth and invasion
in vitro. (A) MTT assay was performed. The cells in the anti-miR-103 group
showed slow proliferation compared with the untreated and negative control
groups. The Ishikawa and HEC-1B cells were first transfected with anti-
miR-103 (Anti-miR) or negative control oligonucleotide (Neg Control) and
then subjected to Matrigel chamber assays, as described in Materials and
methods. After 48 h, the invasive cells were counted following staining with
crystal violet. (B) Representative fields of invasive cells on the membrane.
(C) The data are standardized against the negative control and presented
as relative cell invasion numbers. Each bar is the mean + SEM from three
independent experiments. "P<0.05.

level, via a specific target site within the 3'-UTR. This is also
the first study to demonstrate that miR-103 induces growth and
invasion in endometrial cancer cells.

miRNAs induce the degradation or translational repression
of target mMRNAs and are thereby involved in the initiation and
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progression of human cancer (16), although the underlying
mechanism is largely unknown.

To investigate the correlation between TIMP-3 and
miR-103, we first performed a bioinformatics search. It
revealed a conserved target site for miR-103 within the TIMP-3
3-UTR. A miR-103 inhibitor was then transfected into the
endometrial cancer cells. As expected, the epigenetic inhibition
of the expression of miR-103 resulted in the upregulation of
the TIMP-3 protein. To analyse whether the predicted miR-103
target site in the 3'-UTR of TIMP-3 was responsible for its
regulation, we performed a luciferase reporter assay, the results
of which were in accordance with those of the western blot
analysis. These data suggest that miR-103 is important in the
regulation of TIMP-3. Additionally, the aberrant expression of
TIMP-3 in endometrial cancer may be caused by the aberrant
expression of miR-103. Therefore, we conclude that miR-103
directly targets TIMP-3 3'-UTRs.

The roles of TIMP-3 in cancer progression have been
highlighted in studies that have reported that the adenoviral-
mediated overexpression of TIMP-3 reduced the invasion
of HeLa and HT1080 cells (17) and the vector-mediated
expression of TIMP-3 in cancer cells reduced metastasis (18).
In breast cancer, the overexpression of miR-21 was found
to promote cell invasion via the regulation of TIMP-3 (19).
TIMP-3 also induced cells to undergo apoptosis (20).
Moreover, TIMP-3 was found to inhibit tumor growth in lung
cancer cells in vivo (21).

In the present study, the results of the MTT assay revealed
that the growth of cells transfected with anti-miR-103 was
inhibited compared with the untreated and negative control
groups. This finding suggests that the upregulation of TIMP-3
reduces cell proliferation, which is in agreement with the study
by Finan et al (21), while the impact of modulated TIMP-3 on
endometrial cancer in vivo requires further study. Notably, the
results of the Annexin V-FITC versus PE assay showed that
anti-miR-103 had no effect on the apoptosis of the Ishikawa
and HEC-1B cells. One possible reason for this is that the
biological effects of TIMP-3 are further defined by the specific
genetic and epigenetic background of each cell line. Metastasis
is a significant cause of cancer-related mortality. Therefore,
identifying the role of miR-103 in invasion and metastasis has
direct clinical implications. The results of the transwell inva-
sion experiment showed that the transfection of anti-miR-103
reduced the invasion of endometrial cancer cells.

In conclusion, the results of the present study suggest
that the tumor suppressor TIMP-3 is negatively regulated
at the post-transcriptional level by miR-103 via a specific
target motif at the TIMP-3 3'-UTR. Furthermore, miR-103
induces invasion and proliferation in endometrial cancer
cells. Additional mechanisms and targets of miR-103 besides
TIMP-3 are likely to contribute to miR-103-induced tumor
cell proliferation and invasion. Although the aim of this study
was to gain a better understanding of the function of miR-103
in endometrial cancer, future in vivo studies are required to
address the therapeutic potential of miR-103.
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