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Introduction

Despite optimal primary treatment of ovarian cancer,
overall prognosis is poor due to recurrences [1, 2].
Ovarian carcinoma (OC) is the most lethal of all gynecol-
ogical malignancies, resulting in over 16,000 deaths
annually in the United States. Because the symptoms of
ovarian cancer are non-specific, the majority of patients
do not present until their disease has metastasized [1, 2].
The first-line treatment for ovarian cancer consists of sur-
gical cytoreduction followed by chemotherapy. Numer-
ous studies have been directed at the understanding of
ovarian cancer, however the cause of ovarian cancer is
currently unknown. In order to aid in the understanding
of the pathogenesis, diagnosis and management of
ovarian cancer, expression profiling technologies have
identified new biomarkers [3]. One such biomarker group
is a class of small noncoding RNAs, termed microRNAs.
They are small non coding RNAs, 22-25 nucleotides in
length, and suppress the translation of the target mRNAs
by binding to their 3’ untranslated region [4, 5]. Post-
transcriptional silencing of target genes by micro
(miRNA) RNA can occur either by cleavage of homolo-
gous mRNA or specific inhibition of protein synthesis [4,
5]. It is now recognized that miRNAs are frequently de-
regulated in malignancy. Under-expressed miRNAs such
as let-7 in lung cancer and mirs-15/16 in leukemia, are
tumor suppressor genes, suppressing Ras and BCL-2,
respectively. Over-expressed miRNAs such as miR-21
and the cluster mir-17-92 are oncogenes, targeting tumor
suppressors PTEN and E2F1 in solid and hematologic
malignancies, respectively [6].

MiRNAs have been shown to be aberrantly expressed in
human ovarian cancer [7]. The overall miRNA expression
can be used to separate normal versus malignant ovarian
tissues. The most significantly over-expressed miRNAs
were miR-200a, miR-141, miR-200c and miR-200b,
whereas miR-199a, miR-140, miR-145 and miR-125b1
were among the most down-regulated miRNAs. The levels
of miR-21, miR-203 and miR-205, up-modulated in
ovarian carcinomas compared with normal tissues, were
significantly increased after 5-aza-2’-deoxycitidine
demethylating treatment of OVCAR-3 cells, suggesting
that DNA hypomethylation may be involved [8]. These
results indicate that miRNAs might play a role in the
pathogenesis of epithelial ovarian cancer and epigenetic
regulation of miRNAs may result in their aberrant expres-
sion adding to their critical role in cancer [8]. Thus, under-
standing of the role of miRNAs and their regulation should
enable better understanding of disease and identification of
disease monitoring and potential treatment targets.

Genistein has been reported to have estrogenic properties
and antineoplastic activity in multiple tumor types [9-11].
Genistein possesses weak estrogenic properties and has
weak affinity for the estrogen receptor. Genistein’s struc-
tural similarity to endogenous estrogen, its ability to bind to
both ERα  and ERβ, with preferential binding to ERβ, has
been well documented [12-14]. Genistein was found to
have epigenetic effects in various systems. Enzymatic
assays showed genistein and 5-aza-C decreased DNMTase
(DNA methyltransferase), MBD2 activity and increased
HAT activity [15, 16]. Thus its antitumor activity may be at
least partially mediated by epigenetic-based pathways. 

There is no previous information regarding genistein’s
role in miRNA regulation. The main purpose of this study
was to determine if genistein results in the differential reg-
ulation of miRNAs in ovarian cancer cells.

Summary
Purpose: Role of microRNAs in malignancies is well established due their regulatory role in cellular differentiation, proliferation

and cell cycle control. Our purpose was to determine miRNA profiles of serially established ovarian cancer cell lines and the effect of
genistein treatment. Methods: Cell lines (UL-3A, UL-3B) were established from one patient during progression of disease. miRNA
profiling was performed in untreated and genistein-treated cells. Estrogen receptors (ER) were studied with real-time polymerase chain
reaction (RT-PCR) and Western immunoblotting. In vitro migration and invasion assays were utilized. Results: While 108 miRNAs
were expressed equally in both cell lines and their genistein-treated counterparts, an additional 53 miRNAs were differentially
expressed. Genistein resulted in induction of ERα and ERβ in ovarian cancer cells. A significant reduction in migration and invasion
of UL-3A and UL-3B was demonstrated in genistein-treated cells. Conclusion: Common and unique miRNA profiles were demon-
strated between the two cell lines, some of which were altered by genistein. 
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Materials and Methods

Cell lines: Cell lines were obtained from the ascitic fluid of
a patient with Stage IIIC grade 1 papillary serous adenocarci-
noma of the ovary under a University Human Studies Commit-
tee-approved protocol as described previously [17]. Cells were
collected at progressive stages of disease: UL-3A, at presenta-
tion, and UL-3B at recurrence six months post-treatment and
established in culture using RPMI media supplemented with
10% fetal calf serum. Cells utilized in this experiment had
undergone approximately 40 passages. Genistein (5 M) treat-
ment was for 48 hours.

Real-time polymerase chain reaction (real-time PCR): RNA
was isolated with Trizol (Invitrogen Life Technologies) and
resuspended in RNase-free water. Two micrograms of RNA
were used for cDNA synthesis, adding dNTPs, DNaseI and
RNAse inhibitor and incubated at 75°C for 5 min. After adding
reverse transcriptase, the mix was incubated at 42°C for 60 min
followed by 5 min at 94°C. For real-time PCR 2 μl of cDNA
were used with the appropriate primers and 0.5 μl of fluorescent
probes. The amplication reactions were performed in LightCy-
cler (Roche). Standard curves for quantification were generated
by the human beta-microglobin transcription of various concen-
trations of known amounts of human DNA.

Western blotting: Cells were lysed in 2% SDS, 10% glycerol,
and 50 mM Tris (pH 6.8). Equal amounts of protein (30 μg),
determined by Biorad assay, were separated on 8-16% poly-
acrylamide gels. Following transfer to nitrocellulose the blots
were blocked with 5% non-fat dry milk and incubated with
primary antibodies (1-2 g/ml). Antibodies to ER  and ER  were
rabbit polyclonals (Abcam and Zymed). Secondary antibody
(peroxidase-conjugated anti-rabbit IgG) was incubated for 45
minutes. Enhanced chemiluminescence (ECL) was used to
visualize the specific binding of the antibodies. Densitometric
analysis was performed for quantitation.

Invasion assay: Genistein-treated and control cells were ana-
lyzed in migration and invasion assays. Five thousand cells
were placed in chambers following 48 hours of treatment with
genistein or control media. Migration assay consisted of cham-
bers with 8 μm pore size with media containing 10% fetal
bovine serum in the lower chamber. Invasion assay was set up
similarly with matrigel containing basement membrane compo-
nents present in the upper chamber. Cells were incubated for 20
hours. The chambers were then fixed in methanol and stained
with methylene blue. Following photography, the dye associ-
ated with the chambers was dissolved in acetic acid (1%), and
absorbance was determined at 750 nm. Results shown are
obtained from experiments performed twice in triplicate. The
differences between control and treated cells were analyzed
using a 2-tailed Student’s t test. Values of p < 0.05 were consid-
ered to be statistically significant.

Isolation and profiling of microRNA: Total RNA was isolated
from tumor cells using the mirVana microRNA isolation kit
according to the manufacturer’s instructions (Ambion, Austin,
TX). The RNA quality, yield, and size of miRNA fractions were
analyzed using Agilent 2100 Bioanalyzer (Agilent Technolo-
gies, Foster City, CA). The isolated miRNAs were 3’-end
labeled with Cy3 using the mirVana microRNA Array Labeling
Kit (Ambion) and the Post Labeling Reactive Dye kit (Amer-
sham Bioscience, Pittsburgh, PA). MicroRNA profiling was
performed by Ocean Ridge Biosciences (Jupiter, FL) using
microarrays containing 467 unique probes spotted in triplicate.
After hybridization, the microRNA arrays were scanned using
a GenePix 4000A array scanner (Axon Instruments, Union City,
CA) and the raw data normalized and analyzed using Gene-

Spring 7.0 Software (Silicon Genetics, Redwood City, CA).
Normalization was performed by expressing each microRNA
replicate relative to control miRNA (Ambion) added to each
sample, allowing comparisons between arrays. Threshold and
95th percentile of negative controls (TPT95) were calculated
based on hybridization signal from negative control probes
including: 38 mismatch and shuffled control probes and 87 non-
conserved C. elegans probes. To define sensitivity, NCode syn-
thetic miRNA was spiked at 1/500,000 mass ratio into labeling
reactions and the signal intensity was detected.  For specificity,
perfect match probes for miR-93, miR-27a, and miR-152 and
two mismatches for each were used. The 2-base pair mismatch
probes demonstrated a signal below or at TPT95 on all arrays. 

Results 

Two ovarian cell lines isolated from the same patient
during the progression of disease were examined for
miRNA species. UL-3A cells were isolated at diagnosis
before therapy, and UL-3B at recurrence after treatment
failure with cisplatin/paclitaxel. These cell lines were
compared with respect to their miRNA profiles with and
without treatment with genistein. The presence of 108
miRNAs (of 467 on the array that was studied) was
demonstrated in both cell lines with and without genis-
tein treatment (Table 1). Level of expression of these
miRNAs were equal between UL-3A, UL-3B and their
genistein-treated counterparts. On the other hand, 53
miRNA species were differentially regulated between the
two cell lines and genistein treatments (Table 2). MiR-
370, miR-371 and miR-663 were only demonstrated in
untreated UL-3A cells, while miR-452 was seen in UL-

Table 1. — MiRNA profile of UL-3A and UL-3B cells with and
without treatment with genistein.

let-7a mir-17-5p mir-222 mir-424
let-7b mir-181a mir-23a mir-425-5p
let-7c mir-181b mir-23b mir-429
let-7d mir-181d mir-24 mir-454-5p
let-7e mir-182 mir-25 mir-484
let-7f mir-183 mir-26a mir-487b
let-7g mir-185 mir-26b mir-512-3p
let-7i mir-18a mir-27a mir-550
mir-103 mir-18b mir-27b mir-574
mir-106a mir-191 mir-28 mir-593
mir-106b mir-192 mir-29a mir-594
mir-107 mir-193b mir-29b mir-629
mir-10a mir-194 mir-301 mir-638
mir-10b mir-195 mir-30b mir-652
mir-125a mir-197 mir-30c mir-660
mir-128a mir-19a mir-30d mir-768-3p
mir-128b mir-19b mir-30e-3p mir-768-5p
mir-129 mir-200a mir-31 mir-770-5p
mir-130a mir-200b miR-320 mir-92
mir-130b miR-21 mir-324-3p mir-92b
mir-132 mir-20a mir-339 mir-93
mir-146a mir-20b mir-34a mir-98
miR-151 mir-210 mir-361 mir-99b
mir-15a mir-212 mir-421 U46HS
mir-15b mir-214 mir-422a U47HS
mir-16 miR-220 mir-422b U49HS
mir-17-3p mir-221 mir-423 U50HS
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3B cells only, and miR-148a was detected in both cell
lines. MiR-100, miR-196b, miR-503 and miR-595 were
detected in treated and untreated UL-3A cells. MiR-141,

miR-335, miR-362 and miR-585 were demonstrated in
treated and untreated UL-3B cells. Twelve miRNA
species (miR-122a, miR-137, miR-196a, miR-204, miR-
206, miR-217, miR-331, miR-449b, miR-454, miR-501,
miR-515, miR-578) were induced by genistein in UL-3A
cells. UL-3B genistein-treated cells expressed miR-517c,
and miR-7. MiR-135 and miR-765 were upregulated with
genistein (GEN) in both UL-3A and UL-3B cells. Nine
miRNAs were expressed at higher levels in UL-3A cells
than control or GEN-treated UL-3B cells (miR-125b,
miR-126, miR-152, miR-22, miR-30a-3p, miR-30a-5p,
miR-342, miR-342 and miR-625). Similarly, miR205,
miR-532 and miR-565 were expressed in higher levels in
UL-3B cells than untreated or GEN-treated UL-3A cells.
MiR-135 and miR-765 were expressed only in GEN-
treated UL-3A and UL-3B cells. Twelve additional
miRNAs were differentially expressed by UL-3A and
UL-3B cells in untreated and genistein-treated cells.

The effect of GEN on the expression of ERα  and
ERβ was studied in ovarian cancer cells by Western
immunoblotting (Figure 1A). Densitometric analysis of
these gels demonstrated that UL-3A cells had a 1.2-fold
increase, while UL-3B cells had a 1.4-fold increase of
ER  expression. Similar analysis of ERβ  resulted in the
demonstration of a 1.2-fold increase in UL-3A cells, and
2.6-fold in UL-3B cells. Further analysis of the effect of
genistein on estrogen receptors was studied by real-time
PCR (Figure 1B). Transcriptional analysis demonstrates
the induction of ERα  in all cell lines. Induction of ERα
was 2.1-fold in UL-3A cells and 3.4-fold in UL-3B cells.
Analysis of ER  also demonstrated induction in all cell
lines tested with most induction associated with UL-3B
cells. 

Since one of the key events in ovarian cancer outcome
is metastasis, effect of genistein on in vitro parameters
associated with metastatic ability was determined. Both
migration and invasive characteristics of UL-3A and UL-
3B cells were studied following genistein treatment. UL-
3B cells had significantly more migratory ability than
UL-3A cells while the invasive ability of untreated cells
was similar. Significant inhibition of migration was
observed in UL-3A and UL-3B cells (Figure 2A). With
regard to invasive ability, significantly reduced invasion
of matrigel was demonstrated in both cell lines with UL-
3B cells demonstrating the most inhibition (Figure 2B).

Discussion 

MiRNA profiles associated with cell lines isolated
from the same patient at initial diagnosis and following
recurrence were studied. To our knowledge, this is the
first description of miRNA profiles of cell lines isolated
before therapy and after treatment failure. Our analysis
demonstrated the presence of 108 miRNAs with both cell
lines. We detected miR-200a and miR-200b in all
samples of the four most significantly over-expressed
miRNAs in ovarian cancer [7]. We had previously
demonstrated eight miRNAs (miR-21, miR-141, miR-
200a, miR-200b, miR-200c, miR, miR-203, miR-205 and

Figure 1. — Analysis of ERα and ERβ in UL-3A and UL-3B
cells. A. Western immunoblotting; B. RT-PCR. Cont: untreated
controls; GEN: genistein-treated for 48 hours with 5 μm.

3A-cont

3A-GEN

3B-cont

3B-GEN

Table 2. — MiRNAs that were differentially regulated in UL-3A
and UL-3B cells in response to genistein (GEN).

Conditions miRNA

UL-3A untreated controls miR-370, miR-371, miR-663
UL-3B untreated controls miR-452
UL-3A and UL-3B controls miR-148a
UL-3A controls and GEN treatment miR-100, miR-196b, miR-503,

miR-595
UL-3B controls and GEN treatment miR-141, miR-335, miR-362, 

miR-585
UL-3A GEN treatment only miR-122a, miR-137, miR-196a,

miR-204, miR-206, miR-217,
miR-331, miR-449b, miR-454,
miR-501, miR-515, miR-578

UL-3B GEN treatment only miR-517c, HasmiR-7
Higher expression in UL-3A than miR-125b, miR-126, miR-152,
control or GEN-treated UL-3B miR-22, miR-30a-3p, miR-30a-5p,

miR-342, miR-584, miR-625
Higher expression in UL-3B than miR-205, miR-532, miR-565
control or GEN-treated UL-3A
Expression only by GEN treatment miR-135, miR-765
of UL-3A and UL-3B
Expression only in control UL-3A miR-135b, miR-136, miR-766
and control and GEN-treated UL-3B
Expression in control and GEN-treated miR-148b, miR-149, miR-328,
UL-3A and GEN-treated UL-3B miR-590
Expression in GEN-treated UL-3A miR-190, miR-296, miR-500
and control and GEN-treated UL-3B
Expression in GEN-treated UL-3A miR-497, miR-647
and control UL-3B

Cont GEN Cont GEN
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miR-214) in exosomes isolated from serum specimens of
women with benign disease and various stages of ovarian
cancer [18]. The levels of the eight specific microRNAs
were similar between cellular and exosomal microRNAs.
In this study, miR-200a, miR-200b, miR-21 and miR-214
were demonstrated in both cell lines with and without
treatment. MiR-141 and miR-205 were only seen in UL-
3B cells and we did not detect miR-200c and miR-203.
MiR-214, which was shown to induce cell survival and
cisplatin resistance primarily through targeting the
PTEN/Akt pathway, was detected in both cell lines [19].
In a similar fashion, six miRNAs (let7e, 30c, 125b, 130a
and 335) were always diversely expressed in all resistant
cell ovarian cell lines [20]. Previous studies demonstrated
the utility of serum miRNA as biomarker of ovarian
cancer with miRNAs miR-21, miR-92, miR-93, miR-
126, miR-29a being over-expressed; and miRNAs-155,
miR-127 and miR-99b were under-expressed. In our
study, we demonstrated miR-21, miR-92, miR-93, miR-
29a and miR-99b in all cells, but did not detect miR-126,
miR-155 and miR-127. Of interest, a few of the miRNAs
we detected (miR-141, miR-149 and miR-135b) have
also been shown in the placenta. The most abundant pla-
cental miRNAs (miR-141, miR-149, miR-299-5p and
miR-135b) were detected in maternal plasma during
pregnancy and showed reduced detection rates in post-
delivery plasma. The plasma concentration of miR-141,
however, increased as pregnancy progressed into the third
trimester [21].

Recent reports have shown the association of a selec-
tive group of miRNAs with serous ovarian cancer [22].
When compared to normal tissues miR-21, miR-125a,
miR-125b, miR-100, miR-145, miR-16 and miR-99a
were expressed in malignant tissues. Of these we

detected miR-21, miR-125a, and miR-16 in all, miR-
125b and miR-100 in UL-3A, and neither miR-145 or
miR-99a in any of the cultures. Increased expression of
200,141, 18a, 93 and 429 and lower expression of let-7b
and 199a were correlated with poor prognosis. Of this
group, miR-18a, miR-93 and miR-429 were present in all
cultures. 

Functional analysis of miRNAs indicates that let-7a-2,
let-7a-3, let-7b play a role in RAS regulation while miR-
10b is associated with metastatic potential and 206 (seen
in genistein-treated UL-3A cells), represses ER-alpha in
breast cancer lines [23]. Other studies identified 27
miRNAs associated with ovarian cancer cell in vitro
response to cytotoxic agents in 16 cell lines [24]. When
compared to results presented by these investigators, we
detected let-7e, miR-106a, miR-132, miR-181b, miR-
185, miR-21, miR-23b, miR-339 and miR-99b equally in
all cells while miR-371(UL-3A only), miR-331(UL-3A
gen only) and miR-126 were higher in A than both
treated and untreated B.

When cells were treated with genistein, UL-3A cells
were associated with 19 up-regulated miRNAs and eight
were induced in UL-3B cells. We also demonstrated that
genistein results in a significant reduction of the invasive
ability of ovarian cancer cells. Epidemiological evidence
suggests that consumption of soy products is negatively
correlated with the incidence of chronic diseases, such as
coronary heart disease, osteoporosis, atherosclerosis and
certain type of cancers, including colon, prostate and
breast [25]. Modulation of nuclear receptors is believed
to be an important intracellular mechanism through which
soy components exert their impact on physiological func-
tions. Isoflavones, the major soy phytoestrogens, are
structurally similar to endogenous estrogens of humans
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Figure 2. — In vitro migration and invasion assays. UL-3A and UL-3B cells were studies with and without treatment with genis-
tein (GEN).
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and animals and have both estrogenic and antiestrogenic
activities. Isoflavones especially genistein have been
shown to modify gene expression of sex hormone recep-
tors, including ER, PR and AR in different tissues. Phy-
toestrogens bind to both types of estrogen receptors but
with higher affinity to ERβ than steroidal estrogens [26].

Abundant presence of not only the classic ERα  and PR
but also ERβ  has been demonstrated in normal ovaries
and in ovarian tumors [27]. The ERα/ERβ ratio is
markedly increased in ovarian cancer. Thus ERβ might
play a protective role against ERα mitogenic activity or
ERβ as a marker of cell dedifferentiation [28, 29]. Thus,
molecules specifically activating ER  or inducing ER  re-
expression in neoplastic cells may be beneficial for tumor
proliferation or invasion. Accumulated data from protein
studies in breast cancer tissues indicate that positive
expression of ERβ appears to be correlated with a favor-
able prognosis [30, 31]. ERβ was a more potent inhibitor
of motility than ERα  in motility and invasion assays with
breast cancer cells [30]. Genistein can effectively inhibit
the invasive potential of Bel 7402 HCC cells by altering
cell cycles, apoptosis and angiogenesis, and inhibition of
focal adhesion kinase may play a significant role in this
process [32]. ERβ may exert a protective effect and thus
constitute a new target for hormone therapy such as
ligand specific activation [31].

Whether the observed effects of genistein in our study
are mediated via the regulation of estrogen receptors or
epigenetic modulation is not known. This intriguing
question requires further study to understand regulation
of miRNAs in ovarian cancer and potentially in other
hormone-sensitive cancers. Since the cells we studied
were all obtained from the same patient, our results also
indicate that heterogeneity with respect to receptor
expression and sensitivity exists. 

Conclusion

Common and unique miRNA profiles were demon-
strated in the two cell lines isolated during progression of
disease in ovarian cancer. Genistein results in the differ-
ential regulation of selected miRNAs.
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