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Abstract: MicroRNA plays an important role in tumor proliferation and cell cycle. In this study, we suggested the level
of miR-302a was increasing in the human ovarian cancer cells compared to the normal cells. We aimed to explore
the role of miR-302a downregulation in human ovarian cancer cells. Functional studies demonstrate over expres-
sion of miR-302a could significant suppress ovarian cancer cells proliferation and promote the cell cycle progress.
In vitro reporter assay suggested SDC1 is a direct target gene of miR-302a. Furthermore, the expressions of miR-
302a in ovarian cancer cells were inversely corrected with that of SDC1. Upregulation of SDC1 could rescue the
effect of over expressed miR-302a in the ovarian cancer cells. These findings provide evidence that miR-302a plays
a key role in inhibition of the ovarian cancer cells proliferation, and enhancing the cells’ apoptosis through targeting
SDC1, and strongly suggest that exogenous miR-302a may have therapeutic value in treating ovarian cancer.
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Introduction

Ovarian cancer (OC) is the most leading cause
of gynecologic cancer-related deaths in Europe
and North America, and the burden of this dev-
astating cancer is expected to increase further
in the coming years. Due to the difficulty of
effectively diagnosing OC at its early stage, and
optimal debulking with platinum- based chemo-
therapy remains the cornerstone of manage-
ment. Unfortunately, despite frequent initial
responses to chemotherapy, these tumors
almost invariably relapse. Therefore, elucidat-
ing the molecular mechanisms involved in OC is
essential for developing cancer prevention
strategies and possible guiding disease man-
agement in the clinic [1].

In this several years, a class of novel non-cod-
ing RNAs called MicroRNAs (MiRNAs) had been
discovered in plants and animals. MicroRNAs
(miRNAs) include 18-26 nucleotides, which
post-transcriptionally regulate gene expression
in multicellular organisms by affecting both the
stability and translation of mRNAs. In the pro-
cess of tumor formation, the abnormal expres-
sion orthe loss of the dynamic balance between

oncogenes and tumor suppressor genes, leads
tumorigenesis and development of cancer.
MiRNA, as an important regulation factor of
gene expression, also involved in tumor forma-
tion and progression. Considerable evidence
showed critical functions for miRNAs in diverse
biological processes, such as proliferation
[2-10], apoptosis [11-18], angiogenesis [19-25],
cell differentiation [26-28], adhesion and
metastasis [29] of tumor cells. Therefore, down-
regulation of certain miRNA expression may
cause a variety of imbalance, including many
kinds of cancers. Previous studies have con-
firmed cancer-specific miRNAs in many types of
cancers, involved breast cancer [30], lung can-
cer [31], hepatocellular carcinoma [32] and so
on.

The miR-302-367 cluster consists of four high-
ly-homologous mMIiRNA members, which are
transcribed together as a noncoding RNA clus-
ter containing mir-302b, mir-302¢, mir-302a,
mir-302d, and mir-367 in a 5-to-3’ direction
[33]. Most studies of this cluster have focused
on the maintenance of stemness [34-38] and
the ability of the cluster to reprogram somatic
cells into induced pluripotent stem cells (iPSCs)
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[39-42]. To date, miR-302s have been proven
to post-transcriptionally regulate CCND1 and
CDK4, therefore affecting cell cycle progres-
sion. Other studies have demonstrated the
tumor suppressive activity of miR-302 in
human pluripotent stem cell by both the CCNE-
CDK2 and CCND-CDK4/6 pathways in G1-S cell
cycle transition [43]. In contrast, a recent study
demonstrated that the miR-302-367 cluster
compromised the maintenance of glioma-initi-
ating cells (GiCs), strongly inhibited the clono-
genicity of GiCs and promoted the loss of stem-
like proteins, including OCT4 and NANOG, as
well as the down-regulation of SOX1 and SHH
[44, 45]. Consistent with these findings, anoth-
er report demonstrated the importance of the
miR-302-367 cluster in cell differentiation by
showing that the cluster controls mes-endoder-
mal fate specification [46]. The subclass com-
prised of miR-302a-d (miR-302s) has also been
shown to inhibit tumorigenicity and induce
apoptosis in various tumors and cancer cells,
including MCF7 breast cancer cells, HepG2
hepatocellular carcinoma cells, and Tera-2
embryonal teratocarcinoma cells [43]. So, the
relationship between miR-320a and cancers
needs to be investigated further.

In this research, we found that miR-302a was
frequently down-regulated ovarian cancer cells.
Next, we analyzed the miR-302a targets by bio-
informatics software, and found that miR-302a
can target SDC1. Further, in vitro experiments
proved that the re-expression of miR-302a
inhibited OC cells proliferation dramatically,
and arrested the OC cell cycle at the G1/S
phase. The dual-luciferase reporter assays fur-
ther demonstrated that SDC1 was a novel tar-
get of miR-302a. The over expression of SDC1
led to rescue the effect of apoptosis related to
miR-302a, such, strongly suggesting that miR-
302a suppresses the growth of OC cells by tar-
geting SDC1.

Materials and methods
Bioinformatics analysis

MicroRNA target prediction was performed
using TargetScan v6.2 25, Microcosm v5.0 26,
and miRanda 27, followed by expression corre-
lation between mMIRNA-mRNA pairs. Matins-
pector (http://www.genomatix.de) and GeneGo
(http://www.genego.com/metacore.php) were
used for searching the transcription factor
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binding sites as well as analyzing the miRNA-
MRNA network, respectively. Matinspector is a
software tool that utilizes a large library of
matrix descriptions for transcription factor
binding sites (TFBS) to locate matches in DNA
sequences. By introducing a matrix family con-
cept, optimized thresholds, and comparative
analysis, the program produces concise results
that avoid redundant and false-positive match-
es. It assigns a quality rating to matches and
thus allows quality-based filtering and selection
of matches. GeneGo’s MetaCore™ is an inte-
grated “knowledge-based” platform for path-
way analysis of OMICs data and gene lists.
MetaCore™ is based on a proprietary manually
crated database of human protein-protein, pro-
tein-DNA, and protein compound interactions,
as well as metabolic and signaling pathways for
human, mouse, and rat, supported by proprie-
tary ontologies and controlled vocabulary.

Cell culture, transfection

OVCAR3 and SKOV3 cells were cultured in RPMI
1640 (GIBCO) and McCoy’ s 5A Media, with
10% heat-inactivated fetal bovine serum, 100
IU penicillin/ml, 0.1 mg streptomycin/ml in a
humidified 5% (v/v) atmosphere of CO, at 37°C.
Transfected with Lipofectamine 2000 Reagent
(Invitrogen) followed the manufacturer’s pro-
tocol.

Fluorescent reporter assay

The Luciferase expression vector pGL3/
Luciferase was constructed. The fragment of
SDC1 3’UTR wild-type or mutant was cloned
into pGL3/Luciferase at the same sites. Cells
were transfected with miR-302a or control vec-
tor in 48-well plates, and with the reporter vec-
tor SDC1-WT or SDC1-MUT. The intensities of
luciferase fluorescence were detected with
Fluorescence Spectrophotometer F-4500 (HI-
TACHI).

Quantitative RT-PCR

To detect the relative level of transcript, real-
time RT-PCR was performed. Briefly, a cDNA
library was generated through reverse tran-
scription using M-MLV reverse transcriptase
(Promega) with 2 ug of the large RNA extracted
from the cells. The cDNA was used for the
amplification of SDC1 gene and the B-actin
gene was used as an endogenous control for
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Figure 1. Identification of differential expression of miR-302a in human ovarian cancer. A. We use quantitative
Real-time PCR to detect miR-302a differential expression level in human ovarian cancer cells (C13K, 3A0, SKOV3
and OVCAR3) and normal cells. U6 snRNA was regarded as an endogenous normalizer and the relative miR-302a
expression level of the 4 kinds of human ovarian cancer cells (means * SD) is shown (*P < 0.05). B. We use North-
ern blot and Western blot to detect miR-302a and SDC1 differential expression level in 7 human ovarian cancer
tissue samples (*P < 0.05). C. We use quantitative Real-time PCR to detect miR-302a differential expression level
in human ovarian cancer stage lll/IV tissue samples and the stage I/Il ones (*P < 0.05). D. We use Western blot
to detect SDC1 differential expression level in human ovarian cancer stage lll/IV tissue samples and the stage I/l
ones (*P < 0.05).

the PCR reaction. PCR was performed under membranes. Nonspecific binding sites of mem-
the following conditions: 94°C for 4 min fol- branes were saturated with 5% skim milk in
lowed by 40 cycles of 94°C for 1 min, 56°C for TBST solution (100 mmol/L Tris-Cl, pH7.5, 150
1 min, 72°C for 1 min. SYBR Premix Ex Tag™ Kit mmol/L NaCl, 0.1% Tween 20) and incubated
(TaKaRa) was used following the manufactur- for 2 hours with antibodies at room tempera-
er’s instructions, and the real-time PCR was ture. The following antibody was used: anti-
performed and analyzed by 7300 Real-Time SDC1 and anti-GAPDH. After 4 washes with
PCR system (ABI). All primers were purchased TBST, the filters were incubated with goat anti-
from AuGCT Inc. mouse peroxidase-conjugated secondary anti-

body (Sigma) in 5% skim milk in TBST solution
Western blotting for 1 hour at room temperature; reactions were

developed using enhanced chemoluminis-

Cultured cells were lysed by RIPA (0.1%SDS, 1% cence (Perkin Elmer, USA).

Triton X-100, 1 mM MgCI2, 10 mM Tris-HCI (pH

7.4) in 4°Cfor 25 min. Collected the lysates and Cell proliferation assay and colony formation
cleared by centrifugation, and protein concen- assay

tration was determined. Total cell lysates (50

ug) were fractionated by sodium dodecyl sul- SKOV3 and OVCAR3 cells were seeded in
fate-polyacrylamide gel electrophoresis. Pro- 96-well plate at 6,000, 7,000 and 8,000 cells
teins were electroblotted onto nitrocellulose per well the day before transfection. The cells
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Figure 2. Overexpression of miR-302a enhances ovarian cancer cells proliferation and promotes the cell cycle. A.
The relative level of miR-302a expressed in OC cells after the transfection with miR-302a or control vector. B. The
cell independent growth activity in vitro was assessed by colony formation assay. OC cells were transfected with
miR-302a or control vector. The colony formation assay was shown. C. OC cells were transfected with miR-302a or
control vector, and then seeded in 6-well plates. Colonies were counted only if they contained more than 50 cells,
and the number of colonies was counted from the 6th day after seeding. The number of colonies was counted
from the 6th day after seeding. The colony formation rate was calculated and was shown (*P < 0.05). D. OC cells
were transfected with miR-302a or control vector. Cell growth activity was determined at 12 h, 24 h and 48 h post-
transfection by MTT assay. Values are means + SD of three duplications and the relative cell growth activity is shown
(*P < 0.05). E. The effect of miR-302a on apoptosis was examined by FCM analysis. OC cells were transfected with
miR-302a mimics or control, and then the medium was replaced with serum-free DMEM for 48h. F. OC cells after
transfected were analyzed for apoptotic rate after staining with Annexin V-FITC and PI. Data represent means + S.D.
from four independent experiments (*P < 0.05). G. The histogram showed the percentages of OC cells after miR-
302a transfection in G1/S, S and G2/M phases (n=3, mean * SD).

Universal Microplate Spectrophotometer (Bio-
tek Instruments). After transfection, SKOV3
and OVCARS cells were counted and seeded in
6-well plates (in triplicate) at 50, 60 and 75
cells per well. Fresh culture medium was

were transfected with miR-302a or control vec-
tor 0.2 ug per well. MTT assay was used to
measure the viable, proliferating cells at 12 h,
24 h, 48 h after transfection. The absorbance
at 570 nm was measured using a pQuant
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replaced every 3 days. Colonies were counted
only if they contained more than 50 cells, and
the number of colonies was counted from the
6th day after seeding and then the cells were
stained using crystal violet. The rate of colony
formation was calculated with the equation:
colony formation rate = (number of colonies/
number of seeded cells) x100%.

Flow cytometry analysis

After 48 hours transfection as earlier described,
the cells were harvested and washed twice
with PBS. Washed cells were resuspended in
0.6 mL PBS, and fixed by the addition of 1.4 mL
100% ethanol at 4°C overnight. The fixed cells
were rinsed twice with PBS, and resuspended
in propidium iodine (Pl) solution, including 50
mg/mL Pl and 50 mg/mL RNaseA (Sigma) in
PBS without calcium and magnesium, and incu-
bated at 37°C for 30 minutes in the dark.
Stained cells were passed through a nylon-
mesh sieve to remove cell clumps and analyzed
by a FACScan flow cytometer and Cell Quest
analysis software (Becton Dickinson, San Jose,
CA, USA). Flow cytometry analysis was repeat-
ed 3 times.

Statistical analysis

Data are expressed as means + standard devi-
ation (SD), and P < 0.05 is considered as statis-
tically significant by Students-Newman-Keuls
test.

Results

MiR-302a expression level in human ovarian
cancer cells and their correlation analysis with
clinicopathological characteristics

We use quantitative Real-time PCR to detect
miR-302a differential expression level in 4
kinds of human ovarian cancer cells, C13K,
3A0, SKOV3 and OVCARS3. The results showed
that, the expression level of miR-302a in
human ovarian cancer cells was significantly
lower than the normal cells (Figure 1A). Staging
of ovarian cancer is based on clinical and radio-
logic examination. Ovarian cancer at its early
stages (I/1l) is difficult to diagnose until it
spreads and advances to later stages (lll/IV) s
because most symptoms are nonspecific and
thus of little use in diagnosis. Most patients
present with Stage Ill or IV disease. Stage | is a
small tumor completely confined to ovary.
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Stage Il is a tumor has pelvic extension (must
be confined to the pelvis) or primary peritoneal
tumor, involves one or both ovaries. Stage lll is
cancer found outside the pelvis or in the retro-
peritoneal lymph nodes, involves one or both
ovaries. Stage IV is any distant metastasis (i.e.
outside of the peritoneum). The expression
level of miR-302a was associated with TNM
stage. MiR-302a has lower expression level in
the stage IlI/IV than stage I/1l (Figure 1C).
These data suggested that alterations of miR-
302a could be involved in ovarian cancer
progression.

Overexpression of miR-302a suppresses ovar-
ian cancer cells proliferation in vitro

In order to study the effects of miR-302a on
ovarian cancer cells proliferation, we construct-
ed a overexperssion vector: miR-302a. After
transfection of ovarian cancer cells, we test the
validity of miR-302a ectopic expression by
quantitative Real-time PCR in SKOV3 and
OVCARS3, respectively. The results revealed that
miR-302a expression level was significantly
higher than the control group (Figure 2A). To
test the effects of miR-302a on ovarian cancer
cells proliferation, we investigated cell growth
by colony formation assay and MTT assay. The
colony formation rate of SKOV3 and OVCAR3
cells transfected with miR-302a were signifi-
cantly lower than the control group (Figure 2B,
2C). We performed MTT assay to further con-
firm the effects of miR-302a on cell prolifera-
tion. We found that miR-302a could obviously
suppressed SKOV3 and OVCAR3 cells growth
(Figure 2D). These two experiments showed
that miR-302a played a role in suppressing cell
growth and proliferation in ovarian cancer cells.
Up-regulating the miR-302a, cell viability and
proliferation were significantly inhibited.

MiR-302a mediates cell cycle arrest and po-
tentiates apoptosis in human ovarian cancer
cells

To validate whether miR-302a is able to influ-
ence apoptosis, Flow cytometry assay was per-
formed (Figure 2E). The results indicated that
the significant increase in the apoptosis was
observed in the SKOV3 and OVCAR3 cells trans-
fected with miR-302a (Figure 2F). These results
strongly suggested that introduction of miR-
302a could inhibit human ovarian cancer cells
growth by promoting apoptosis of cancer cells.

Int J Clin Exp Pathol 2015;8(5):4869-4880
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Figure 3. SDC1 is a directly target gene of miR-302a. A. The predicted binding sites of miR-302a on SDC1 mRNA is
shown. The mutant UTR with a 4 base pair for site-directed mutagenesis in the complementary seed sequences. B.
OC cells were transfected with the wild type of SDC1 reporter vector as well as miR-302a or control vector. MiR-302a
suppressed the EGFP fluorescence intensity of SDC1-wt (*P < 0.05), the group transfected with SDC1-mut was not
significant different to the group. C. OC cells were transfected with the mutant miR-302a or miR-302a. MiR-302a-
mut could not able to significantly suppress the EGFP fluorescence intensity of SDC1-Luc (*P < 0.05). D. OC cells
were transfected with miR-302a and control vector, the expression of SDC1 mRNA and protein expression level
were measured by quantitative RT-PCR and Western blot. B-actin mRNA was regarded as an endogenous normalizer
and the relative SDC1 mRNA expression level is shown (*P < 0.05). GAPDH protein was regarded as endogenous
normalizer and the relative SDC1 protein quantity is shown (*P < 0.05).

To confirm that the expression of miR-302a can plementary binding sites (Figure 3A). Luciferase
cause G1/S arrest, SKOV3 and OVCAR3 cells reporter assay has been widely used in verifica-
transfected with miR-302a mimics were syn- tion of miRNA target genes [47, 48]. To investi-
chronized at the G1/S transition by serum star- gate whether SDC1 can be directly targeted by
vation and hydroxyurea (HU). DNA content was miR-302a, we performed luciferase reportor
examined from the time of HU release. The assay, engineering luciferase reporters, that
results showed that all cells transfected with have either the wild-type 3'UTR of SDC1, or the
miR-302a mimics began to arrest at G1 phase mutant UTR with a 4 base pair for site-directed
and inhibited the transfection from G1 phase to mutagenesis in the complementary seed
S phase (Figure 2G). sequence (Figure 3A). First, OVCAR3 cells were

transfected with SDC1-wt, miR-302a and con-
MiR-302a directly inhibits expression of SDC1 trol mimics. The results showed that, compared
via its 3’UTR with the control group, co-transfected with miR-

302a, the fluorescent EGFP expression were
We used bioinformatics methods to predict significantly lower (Figure 3B), indicating that
miR-302a potential target genes. The 3'UTR overexpression of miR-302a enhanced miR-
region of SDC1 mRNA contains miR-302a com- 302a binding to its target gene SDC1 mRNA

4874 Int J Clin Exp Pathol 2015;8(5):4869-4880
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Figure 4. Overexpression of SDC1 could rescue the effects which miR-302a upregulated and led to cell survival in
human ovarian cancer. A. We use Western blot to detect the SDC1 differential expression level after co-transfection
with miR-302a and SDC1 in human ovarian cancer cells. B. OC cells were co-transfected with miR-302a and SDC1.
Cell growth activity was determined at 12 h, 24 h and 48 h post-transfection by MTT assay. Values are means + SD
of three duplications and the relative cell growth activity is shown (*P < 0.05). C. OC cells were co-transfected with
miR-302a and SDC1, and then seeded in 6-well plates. Colonies were counted only if they contained more than 50
cells, and the number of colonies was counted from the 6th day after seeding. The number of colonies was counted
from the 6th day after seeding. The colony formation rate was calculated and was shown (*P < 0.05). D. The effect
of co-transfected with miR-302a and SDC1 on apoptosis was examined by FCM analysis. OC cells after transfected
were analyzed for apoptotic rate after staining with Annexin V-FITC and PI. Data represent means + S.D. from four
independent experiments (*P < 0.05). E. The histogram showed the percentages of OC cells after co-transfected
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with miR-302a and SDC1 in G1/S, S and G2/M phases (n=3, mean * SD). F. Upregulation of SDC1 could block the
effects which miR-302a upregulated and led to cell survival in human ovarian cancer.

3'UTR, so that luciferase activities were
decreased. In contrast, mutant reporters were
not repressed by miR-302a (Figure 3B). After a
4-base pair mutant of miR-302a, the luciferase
activities were not decreased as well (Figure
3C). These all results suggested that, miR-
302a could combine with the specific SDC1
mRNA 3’UTR binding sites and play a role in
inhibiting the expression of SDC1 gene.

MiR-302a plays a negative regulatory role at
SDC1 post-transcriptional level

MiRNAs regulate the target genes at the post-
transcriptional level by binding their target
genes 3'UTR to silence the gene function. We
transfected OVCAR3 cells with miR-302a, in
order to examine whether miR-302a depress
endogenous SDC1 through translational
repression, the expression of SDC1 protein was
examined by Western blot. The results showed
that overexpression of miR-302a made the
expression level of SDC1 protein decreased
(Figure 3D), suggesting that miR-302a nega-
tively regulates endogenous SDC1 protein
expression through translational repression
mechanism. Meanwhile, high expression level
of miR-302a in OVCAR3 cells could also
decrease the endogenous SDC1 mRNA level
(Figure 4C). Furthermore, in the 7 pairs of
human ovarian cancer tissues, we found the
expression level of SDC1 had a negative corre-
lation with miR-302a expression (Figure 1B). All
these data suggest that miR-302a negatively
regulates the expression of SDC1 through
MRNA cleavage mechanism at the post-tran-
scriptional level.

MiR-302a repressed OC cells proliferation and
promoted apoptosis by negatively regulating
SDC1 expression

Previous studies show that miR-302a plays an
important role in suppressing tumor cell prolif-
eration and promoting the apoptosis. Accor-
dingly, we detected whether SDC1 affects ovar-
ian cancer cell growth. We constructed the
SDC1 plasmid to up regulate the expression
level of SDC1 and then identified the expres-
sion of SDC1 protein by Western blot. While we
enhanced the expression level of miR-302a in
OC cells, and then transfected with SDC1,
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Western blot displayed an increase protein
level of SDC1 (Figure 4A). The SDC1 plasmid
was confirmed effectively increase the SDC1
protein expression level. We further performed
a “rescue” study in OC cells, namely, co-trans-
fection of miR-302a mimics and SDC1 partially
reverse the growth inhibition effects of OC cells
from miR-302a mimics (Figure 4B, 4C).
Additionally, the co-transfection with miR-302a
and SDC1 showed a similar result in the “res-
cue” apoptosis assay (Figure 4D, 4E). These
data suggests that miR-302a repressed OC
cells proliferation and promoted apoptosis in
OC cells through targeting SDC1.

Discussion

Transformation process of malignant tumors is
regulated by the synergy of multiple genes,
including overexpression of oncogenes and low
expression or even loss of function of tumor
suppressor genes. Recent research uncovered
that the regulation of oncogenes and tumor
suppressor genes was not only in the transcrip-
tional level, but also in the post-transcriptional
level, which was more important and accurate.
MicroRNAs (miRNA), as important regulation
factors, participate gene expression in human
carcinogenesis. In recent years, the research
about miRNAs has been more in-depth. MiRNA-
mediated post-transcriptional gene silencing
(PTGS) and the relevance with tumor formation
have become the focus of attention. Tumor
cells and normal cells have a significant differ-
ence in mMiRNA expression profiling. Most
miRNA genes locate in chromosomal regions
frequently display amplification, deletion or
translocation in human cancers. Detection of
differentially expression of miRNAs in human
ovarian cancer, to determine the role of miR-
NAs in cancer mechanism and function of their
target genes, provide a new direction for the
diagnosis and treatment of in human ovarian
cancer.

In the present study, we tried to identify a novel
miRNA which regulates the expression of SDC1,
and evaluate its effects on cell phenotype using
OC cells. Initially, we used real-time PCR to find
that miR-302a was significantly down-regulat-
ed in human OC cells, compared with the nor-
mal cells. The results suggested that altera-
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tions of miR-302a could be involved in ovarian
cancer progression. Therefore, we hypothe-
sized that miR-302a was a negative factor of
carcinogenesis in human ovarian cancer cells
due to the low expression levels in human ovar-
ian cancer. We calculated the cell growth viabil-
ity through the MTT and colony formation assay
to detect the relationship between miR-302a
and the growth capacity of ovarian cancer cell
line SKOV3 and OVCARS3. The cell growth viabil-
ity of OC cells transfected with the miR-302a
was significantly decreased when compared to
control group (Figure 2C, 2D). We further
showed that overexpressed miR-302a in OC
cells induced G1 arrest, suppressed cell prolif-
eration, and induced apoptosis. These data
indicate that miR-302a may act as a tumor sup-
pressor to inhibit cell proliferation by blocking
the G1/S transition of OC cells. In other words,
reduced miR-302a expression in OC cells and
tissues may promote cell proliferation by acti-
vating the cell cycle (Figure 2F, 2G).

Secondly, bioinformatics analyses predicted a
miR-302a binding site on the SDC1 transcript.
Experimental evidence indicated that SDC1
was indeed a target of miR-302a. On one hand,
the ability of miR-302a to regulate SDC1
expression was likely direct because it bound
the 3’UTR of SDC1 mRNA complementarily to
the miR-302a seed region. The EGFP fluores-
cence intensity of SDC1-wt was specifically
responsive to miR-302a overexpression (Figure
3B). Furthermore, mutation of the miR-302a
binding site abolished the effect of miR-302a
on the regulation of EGFP fluorescence intensi-
ty. On the other hand, the endogenous SDC1
protein expression was decreased in OC cells
transfected with miR-302a (Figure 3D). These
results suggested that miR-302a regulated
SDC1 protein expression at the post transcrip-
tion level.

Syndecan 1 (SDC1) is a member of a trans-
membrane heparan sulfate proteoglycan fami-
ly, which expresses in epithelia, and plays a
critical role in cellular processes including dif-
ferentiation, cell adhesion, migration and inva-
sion, and angiogenesis [49-51]. Functions have
been ascribed to the extracellular domain that
carries glycosaminoglycan (GAG) side chains,
to the transmembrane domain and to the cyto-
plasmic domain that transduces signals from
extracellular ligand binding. Initial reports dem-
onstrated that expression of syndecan-1 in
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vitro was associated with maintenance of epi-
thelial morphology, anchorage-dependent gr-
owth, and inhibition of invasiveness [52]. This
“tumor suppressor” function was subsequently
supported by immunohistochemical studies
that correlated loss of syndecan-1 with reduced
survival in patients with malignant mesothelio-
ma [53], squamous cell carcinoma of the head
and neck [54], and laryngeal cancer [55].
Altered SDC1 expression has been reported
gradually in a number of malignant tumor types
and has been associated with differentiation
stage and grade [56-58]. Marzioni D et al [59],
have reported a positive correlation of SDC-1
with fibroblast growth factors (FGFRs) in blad-
der tumors, these factors are thought to be key
molecules in low-grade BCa. Shimada et al [60]
have investigated the biologic role of SDC-1 in
human BCa cells. In their study, the BCa cell
lines, UMUC2 and UMUC3 had SDC-1 expres-
sion silenced by siRNA transfection, which led
to an induction of apoptosis in vitro and a
reduction in mouse orthotopic bladder tumor
growth. In addition, studies in breast and gas-
tric cancer have demonstrated an association
between increased stromal SDC1 expression,
loss of cancer cell SDC1 expression, and an
adverse clinical outcome [61-63]. But the asso-
ciation between SDC1 status and human ovar-
ian cancer has not been extensively studied. To
our knowledge, our study is the latest study to
date to evaluate the effect between miRNA and
SDC1 in human ovarian cancer cells. A high
expression level of SDC1 could repress OC cells
proliferation and promoted apoptosis in OC
cells.

In summary, we demonstrated that miR-302a
played an important role in the regulation of
SDC1 gene expression. The effect of miRNAs
on OC cells expression occurred at both mRNA
and transcription levels, and at least in part
through targeting SDC1. However, we empha-
size that miR-302a may be capable of control-
ling tumor-specific gene(s), consequently favor-
ing cell apoptosis. Therefore, our study sug-
gests that unregulation of miR-302a may pro-
vide a better strategy to block tumor prolifera-
tion and cell cycle.
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