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Abstract

sensitivity of cancer cells to chemo/radiation therapies.

involved in cis-platin resistance.

cancer chemotherapy.

Background: Ovarian cancer is the leading cause of death from gynecologic cancer in women worldwide.
According to the National Cancer Institute, ovarian cancer has the highest mortality rate among all the
reproductive cancers in women. Advanced stage diagnosis and chemo/radio-resistance is a major obstacle in
treating advanced ovarian cancer. The most commonly employed chemotherapeutic drug for ovarian cancer
treatment is cis-platin. As with most chemotherapeutic drugs, many patients eventually become resistant to cis-
platin and therefore, diminishing its effect. The efficacy of current treatments may be improved by increasing the

Methods: The present study is focused on identifying the differential expression of regulatory microRNAs (miRNAs)
between cis-platin sensitive (A2780), and cis-platin resistant (A2780/CP70) cell lines. Cell proliferation assays were
conducted to test the sensitivity of the two cell lines to cis-platin. Differential expression patterns of miRNA
between cis-platin sensitive and cis-platin resistant cell lines were analyzed using novel LNA technology.

Results: Our results revealed changes in expression of 11 miRNAs out of 1,500 miRNAs analyzed. Out of the 11
miRNAs identified, 5 were up-requlated in the A2780/CP70 cell line and 6 were down regulated as compared to
cis-platin sensitive A2780 cells. Our microRNA data was further validated by quantitative real-time PCR for these
selected miRNAs. Ingenuity Pathway Analysis (IPA) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis
was performed for the selected miRNAs and their putative targets to identify the potential pathways and networks

Conclusions: Our data clearly showed the differential expression of 11 miRNAs in cis-platin resistant cells, which
could potentially target many important pathways including MAPK, TGF-B signaling, actin cytoskeleton, ubiquitin
mediated proteasomal pathway, Wnt signaling, mTOR signaling, Notch signaling, apoptosis, and many other

signaling pathways. Manipulation of one or more of these miRNAs could be an important approach for ovarian

Background

Epithelial ovarian cancer (EOC) is the most common
gynecologic malignancy and fifth most prevalent cancer
in women worldwide [1]. According to cancer statistics,
in the United States alone, 21,990 new cases of ovarian
cancer will be diagnosed and approximately 15,460 of
them will result in death in 2010 [2]. Despite advances
in detection treatments, only 30% of patients with
advanced stage ovarian cancer survive 5 years after
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initial diagnosis [3]. The high mortality rate is mainly
attributable to late-stage diagnosis, lack of effective
methods for the early diagnosis, and tumor resistance to
chemotherapy. Genetic mutations have been studied
which leads to chemotherapy resistance. Most notably,
the BRCA1/2 mutations demonstrate a salient role in
the pathogenesis of ovarian cancer resistance to che-
motherapy [4]. More recently, epigenetic mechanisms
like DNA methylation, histone modification, and
recently microRNA regulation have been found to play
an important role in the resistance of cancer cells to
chemotherapeutic agents [5]. Interestingly, chemother-
apy is the most viable and common treatment among
the other treatments employed which include surgery
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and radiation therapy. Often treatments amalgamate
multiple specialized chemotherapeutic drugs.

One such front-line chemotherapeutic drug for treat-
ing ovarian cancer is cis-platin. Cis-platin is an inor-
ganic platinum-based compound formally named cis-
diamminedichloroplatinum (II) (CDDP). Although, initi-
ally, this drug is successful in 80-90% of the patients,
eventually cells become resistant [6,7]. Resistance to cis-
platin occurs in nearly one third of all women during
treatment and is prevalent in nearly all patients treated
for a recurrent disease [8]. This leads to one question:
what mechanisms cause cells to become resistant to cis-
platin? Cis-platin reacts with DNA to induce distinctive
biological changes that results in damaged DNA and
starts the irrevocable apoptosis process [9]. When cis-
platin penetrates cells its chloride channels are replaced
by water molecules, forming aquated species that can
react with intracellular macromolecules, creating cis-pla-
tin adducts. The presence of such adducts in DNA is
thought to facilitate cell cycle arrest and apoptosis [10].
While several elements have been proposed as inducers
for cis-platin resistance, the general consensus is cis-pla-
tin resistance results from multiple mechanisms,
depending on the cell type [11]. Since 2006, much spec-
ulation has arisen on the correlation between miRNA,
gene expression, and even carcinogenesis [12].

The role of microRNA (miRNA) in the molecular evo-
lution of ovarian cancer has been of particular interest.
miRNAs were formerly considered “junk” RNA. miRNAs
are single stranded RNAs about 21-23 nucleotides long.
Recent epigenetic studies support that these extremely
short single-stranded RNAs have more impact than pre-
viously expected. Extensive research demonstrates that
many genes are regulated by a single miRNA [13-15]. A
possible link between miRNAs and cancer was first
reported in chronic lymphocytic leukemia, where miR-15
and miR-16 were found to be down-regulated in a major-
ity of the tumors [16]. Since then, as miRNAs have been
associated with gene expression, investigators have begun
conducting research on the relationship between miRNA
and cancers [17-19]. The miRNA binds to semi-compli-
mentary sites at the 3’-untranslated region of their tar-
geted messenger RNA (mRNA), therefore suppressing
the translation process [12]. This can result in one of two
fates: mRNA degradation or translation truncation [20].
Therefore, miRNA can significantly affect gene expres-
sion. Because miRNAs are so critical in the post-tran-
scriptional process, they could be used as potential
therapeutic tools. Various investigations on specific miR-
NAs have exposed the functionality of select small RNAs
[21-23]. The aim of this study is to determine any poten-
tial miRNA that could be linked to cis-platin resistance
by identifying miRNA differences in cis-platin resistant
and cis-platin sensitive cell lines.
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Methods

Cell lines and cell culture

Human epithelial ovarian tumor cis-platin sensitive
(A2780) cell line was obtained from Dr. Denise Con-
nolly (Fox Chase Cancer Center, Philadelphia, PA). The
cis-platin resistant (A2780/CP70) cell line was obtained
from Dr. Christopher States (University of Louisville,
Louisville, KY). A2780/CP70 cell line is derived from
A2780 cell line and requires higher concentration of cis-
platin to achieve cell death as compared to A2780 cells.
Cell lines were cultured in RPMI 1640 supplemented
with 10% fetal bovine serum and 1% antibiotics (Invitro-
gen, Carlsbad, CA) and maintained in a humidified
atmosphere at 37°C and 5% CO,. The cell lines were
sub-cultured on routinely basis every 3-4 days.

Cell viability assays

A2780 and A2780/CP70 cell lines were cultured to test
the responsiveness of each cell line to the cis-platin
drug under our culture conditions. The cells were plated
in 96 well plates (5,000 cells/well) as described pre-
viously [24]. After 24 h of plating, the cells medium was
replaced with fresh medium containing 5% serum and
six different concentrations of cis-platin (0, 2 uM, 20
UM, 40 uM, 100 uM and 200 pM). Cell viability assays
were performed after 24 h, 48 h, and 72 h after treat-
ment as described previously [24]. Briefly, medium in
each well was replaced with fresh medium and MTT
added in a ratio of 1:5 (Promega, Madison, WI). After
two hours of incubation, absorbance was recorded using
an ELISA plate reader at 492 nm.

Extraction of miRNA

After 24 h of plating, cells were rinsed with PBS and
total RNA from each sample was purified using miRNA
Easy Mini Kit (QIAGEN, Valencia, CA). Total RNA was
then quantited using NanoDrop.

Integrity of miRNA

The quality of miRNA extracted was tested by using a
Bioanalyzer (Agilent Technologies Preckel, Valer, Kratz-
meier). The data retrieved from this analysis, projected
the samples contained high levels of miRNA, which was
applicable to our studies.

Determination of specific miRNAs

miRNA analysis of three independent samples from each
A2780 cell line and A2780/CP70 cell line respectively
was performed in association with Exiqon Biotechnology
Company (Copenhagen, Denmark). Analysis was per-
formed using novel LNA technology. The miRNAs
chips contained sequences from 1,500 known miRNAs.
The hybridization, washing of non-specific RNAs, and
comparative analysis of miRNAs was performed by
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Exiqon Biotechnology Company. The data was deposited
to Array Express # E-MEXP-3141.

Confirmation of miRNA expression

After evaluation of the Exiqon analysis, 11 miRNAs that
were identified with different levels of expression
between A2780 and A2780/CP70. Sequences of 5 miR-
NAs were commercially available; therefore, quantitative
real-time PCR was performed on these 5 miRNAs which
included miR-193b, miR-20b, miR625, let-7c, and miR-
642. The miRNA kits for miR-193b, miR-20b, miR-625,
let-7c, and miR-642 were purchased from Applied Bio-
systems (Foster City, CA) to quantitate their fold change
in expression. For this purpose, total RNA was reverse
transcribed using reverse transcription (RT/PCR) kits
(Applied Biosystems) following the manufacturer’s pro-
tocol. Briefly, miRNAs were reverse transcribed in a sin-
gle reaction using 2 ml of each miRNA specific 5X RT
primers. Resulting material was then used for indepen-
dent qRT-PCR for each miRNA. Quantitative RT-PCR
reactions were completed on a 7900 HT Sequence
Detection System (Applied Biosystems). Samples were
run in triplicate and the average values were used in
subsequent analysis. Experiments were performed using
at least 3 independent samples and data are displayed as
mean * SD.

Statistical analysis

Data comparing differences in levels of expression of
miRNAs between A2780 cis-platin sensitive and A2780/
CP70 cis-platin resistant cell lines were analyzed using
unpaired Student’s t-test. Differences were considered
significant when p < 0.05.

Pathway analysis

The selected miRNAs were further analyzed to identify
the networks and pathways targets. For this purpose, we
used two independent software Ingenuity Pathway ana-
lysis (IPA) and Kyoto Encyclopedia of Genes and Gen-
omes (KEGG). These pathways analysis software
identified the putative targets for the input miRNA(s)
and then developed the networks among the genes/
targets.

Results

Cell viability assay

To investigate the difference in the sensitivity of A2780
and A2780/CP70 cells for cis-platin, cell viability assays
were performed. Our results showed that the A2780/
CP70 cell line was significantly less sensitive to cis-platin
compared to A2780 cell line (Figure 1). A2780/CP70
cells required 3 to 4-fold higher concentration of the
cis-platin to achieve the same level of cell death com-
pared to A2780 at 24 h, 48 h (data not shown), or 72 h
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Figure 1 Cell proliferation assay of A2780 and A2780/CP70
cells. Viability of cells were assessed after 72 h in A2780 and A2780/
CP70 cell lines post cis-platin treatment using MTT assay and
showed that A2780/CP70 cells required 3 to 4-folds higher
concentration of the cis-platin to achieve the same level of cell
death compared to A2780 cells at 72 h. Error bars represent + SEM

(n = 3) of three independent experiments. * p-value < 0.05.

of treatment (Figure 1), indicating reduced sensitivity of
A2780/CP70 cells to cis-platin.

The quality of miRNA extracted was tested by using a
Bioanalyzer. The double high peaks represent the suc-
cessful extraction of RNA and integrity of RNA (results
not shown). The major bands represent intensity of 28S
and 18S ribosomal RNAs, two highly expressed control
RNAs. The sharpness and peak reveal the quality of
RNA. Based on these results, we concluded that a high
quality of RNA was purified from each sample. High
quality ribosomal RNAs lead to better quality of smaller
size RNAs including miRNA. Further analysis showed
that all samples had RNA integrity values of 8.9 or
higher which are recommended for high quality array
performance.

miRNA comparison analysis

miRNA analysis of the samples from A2780 and A2780/
CP70 cell lines were screening for 1,500 miRNA
sequences and a total of 11 miRNAs showed a differ-
ence in their expression levels between A2780 and
A2780/CP70 cell lines. Figure 2 shows the result of the
two-way hierarchical clustering of genes. Each row
represents a miRNA, and each column represents a
sample of either A2780 or A2780/CP70. The miRNA
clustering tree is shown on the left. The clustering is



Kumar et al. Journal of Ovarian Research 2011, 4:17
http://www.ovarianresearch.com/content/4/1/17

Page 4 of 11

~-N®O
Nl
<000
B @ hsamiR-200"
[ | hsa-let-7c
hsa-miR-542-3p
- hsa-miRPlus-F1231
hsa-miR-625
q] B hsa-miRPlus-F1147
hsa-miR-300
B hsa-miR-1209
hsa-miR-193b
' hsa-miRPlus-F1064
hsa-miR-642
Figure 2 Heat map diagram and hierarchical clustering of 11
miRNAs with different gene expression between A2780 and
A2780/CP70 cell lines.

performed on log2 (Hy3/Hy5) ratios which passed the
filtering criteria on variation across the two sample
groups with p-value < 0.05. The color scale shown at
the bottom illustrates the relative expression level of a
miRNA across all samples.

Figure 3 is a graphical representation of the up-regula-
tion and down-regulation of miRNAs demonstrated in
Figure 2 and corresponds to the percent change in
expression of miRNAs in A2780 and A2780/CP70 cell
lines. Out of 11 miRNAs that showed differential
expression, 5 were up-regulated and 6 were down regu-
lated in A2780/CP70 cell line compared to A2780 cell
line. Up-regulated miRNAs include hsa-miRplus-F1064,
hsa-miR-300, hsa-miR-193b, hsa-miR-642, and hsa-miR-
1299. Out of 11 miRNA, 6 were down-regulated: hsa-
miR-625, hsa-miR-20b, hsa-miRPlus-F1147, hsa-let-7c,
hsa-miRPlus-F1231, and hsa-miR-542-3p. Hsa-miRPlus-
F1064 was the highest up-regulated miRNA (30%), while
hsa-miRPlus-F1231 was significantly down regulated
(38%). Out of the 11 miRNAs, 5 were tested using qRT-
PCR. The results revealed similar patterns of differential
expression as analyzed by miRNA array (Figure 4).

The IPA and KEGG pathway analysis software
revealed that out of 7 miRNAs selected for analysis,
most of them including miR-20b (32 genes), miR-300
(24 genes), let-7c (22 genes), miR-193b (8 genes), miR-
542-3p (7 genes) and miR-642 (4 genes) target MAPK
signaling pathway (Additional file 1). MAPK signaling
pathway was the most affected pathway by these miR-
NAs with total of 73 genes affected by 7 selected miR-
NAs, with the greatest affect by miR-20b and let-7c
(Additional file 1).

TGEF-B signaling pathway, actin cytoskeleton, ubiqui-
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Figure 3 Microarray analysis of differentially expressed miRNAs
between A2780 and A2780/CP70 ovarian cancer cell lines. The
bars represents normalized % change values with mean + SD (n =
3) between A2780 and A2780/CP70. * represents significant at p-
value (< 0.05). The data presented show that miRNAs hsa-miRPlus-
F1064, hsa-miR-300, hsa-miR-193b, hsa-miR-642 and hsa-miR-1299
were upregulated 32%, 18%, 19%, 29% and 16% respectively,
whereas hsa-miR-625, hsa-miR-20b, hsa-miRPlus-F1147, hsa-let-7¢,
hsa-miRPlus-F1231, and hsa-miR-542-3p were down regulated 4%,
239%, 12%, 28%, 38% and 10% respectively in A2780/CP70 cells as
compared to A2780 cells.

signaling, Notch signaling, and apoptosis are few other
important pathways affected by these miRNAs (Addi-
tional file 1). Among them TGEF-§ signaling, Wnt sig-
naling, ubiquitin mediated proteolysis, and Notch
signaling are top most signaling pathways affected by
miR-300 (Additional file 2), whereas ubiquitin proteo-
lysis, p53 signaling, and mTOR signaling are a few of
the important signaling pathways affected by miR-625
(Table 1).

When we analyzed the genes affected by miR-300 in
TGEF-B signaling, TGF-B itself along with its receptor
TGFBR1 and other downstream molecules such as
SMAD4, CREBP, and SP1 were targeted by miR-300
(Figure 5). KEGG analysis also revealed that miR-300
affects apoptosis by targeting FAS ligand, NF-xB, and
other proteins (Figure 6). Similarly, insulin like growth
factor-1 (IGF-1) and seven in absentia homolog 1
(SIAH1) are the genes targeted by miR-625 in p53 sig-
naling pathway (Table 1). Among the miRNAs analyzed,
miR-20b targets highest number of genes in MAPK sig-
naling pathway (32 genes) which includes FAS ligand,
FGF4, TGF-B receptor 2 (TGFBR2), and various MAP
kinases (Figure 7). Whereas the IPA analysis showed
that let-7c targets many genes directly (solid lines) or
indirectly (dotted lines) including transcriptional factor
E2F3, cyclin-dependent kinase-7, PPAR-o, TWEAK
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Figure 4 Quantitative real-time PCR (qRT-PCR) analysis of
differentially expressed miRNAs in A2780 vs. A2780/CP70
ovarian cancer cell lines. Cells were harvested for total RNA and
subjected to cDNA synthesis. Expression levels of 5 miRNAs were
analyzed by gRT-PCR. The bars represents normalized % change
values with mean + SD (n = 3) between A2780 and A2780/CP70.
*represents significant at p-value (< 0.05). The data presented
showed that miRNAs hsa-miR-193b and hsa-miR-642 were
upregulated 64% and 22% respectively, whereas hsa-miR-625, hsa-
miR-20b, and hsa-let-7c were down regulated 22%, 44% and 18%
respectively in A2780/CP70 cells as compared to A2780 cells.

(Tnfsf12), cyclin D2, cyclin E1, B-estradiol pathway as
well as many other genes (Figure 8).

Discussion

Epithelial ovarian cancer (EOC) is the most fatal gyne-
cologic malignancy [25]. The high mortality rate is due
to late diagnosis, as epithelial ovarian tumors commonly
lack early symptoms, as well as development of chemo-
resistance during treatment. So far, many attempts have
been made to predict the biology of ovarian tumors to
determine the prognosis and to develop new therapeutic
strategies. With the advent of miRNA technology in
recent years, it is now possible to expand our knowledge
to better understand ovarian cancer by analyzing
miRNA mediated pathways. Several recent studies indi-
cate that miRNA have altered expression pattern in
ovarian cancer [18,26-28].

Chemotherapy is the preferred treatment for malig-
nancies. However, a successful long-term use of che-
motherapy is often prevented by the development of
drug resistance. Drug resistance was first documented
experimentally in mouse leukemic cells that acquired
resistance to methotrexate in a laboratory model in
1950, indicating that drug resistance is the main cause
of treatment failure [29]. So far studies have indicated
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that there are significant differences in miRNA expres-
sion pattern between chemotherapeutic sensitive and
resistant ovarian cancer cell lines and tissues. Boren et
al. [30] reported 27 miRNAs that were related to ovarian
cancer cell line sensitivity to platinum-based chemother-
apeutic agents. Similarly, Eitan et al. [31] reported sev-
eral miRNAs that were differentially expressed in stage
3 ovarian tumors. The difference in miRNA expression
pattern between chemotherapy sensitive and resistant
cells will prove to be clinically significant.

The main purpose of our study was to determine the
miRNA differences between cis-platin sensitive A2780
and resistant A2780/CP70 cell lines. It was hypothesized
that the two cell lines would exhibit differences in
miRNA expression pattern. Our results demonstrated
that 11 miRNAs are differentially expressed in A2780/
CP70 cell line compared to A2780 cell line. Recently,
White et al. [32] compiled data from eight published
studies and reported several dysregulated miRNAs in
ovarian cancer. Yang et al. [33] reported that let-7i
expression was significantly reduced in chemotherapy-
resistant ovarian cancer patients and lower level of
expression of let-7i is strongly associated with shorter
progression-free survival. Sorrentino et al. [34] analyzed
the miRNA profile in a panel of paclitaxel resistant
(A2780TAX, A2780TC1 and A2780TC3) and cis-platin
resistant (A2780CIS) cell lines and reported down regu-
lation of miRNA-30c, miRNA-130a, and miRNA-335 in
all the resistant cell lines, suggesting a direct involve-
ment of these miRNAs in the development of chemore-
sistance. Our data suggests that the 5 up-regulated
miRNAs and the 6 down-regulated miRNAs found in
the A2780/CP70 ovarian cancer cell lines could contri-
bute to the sensitivity of ovarian cancer cells. Out of
these 11 differentially expressed miRNAs 5 were vali-
dated by qRT-PCR which showed directional correspon-
dence with our microRNA data.

KEGG analysis of selected miRNAs which showed dif-
ferential expression in cis-platin resistant cells and
further validated in qRT-PCR revealed that these miR-
NAs have putative targets involved in many important
pathways including TGF-B, apoptosis, p53, MAPK, IGF,
and other signaling pathways. MAPK signaling is the
most affected pathway by these 5 miRNAs, out of which,
miR-20b has the highest target score and number for its
potential putative targets (Figure 7). Exact mechanism(s)
by which cis-platin attains its anticancer function are
unknown, however, activation of apoptotic pathway via
MAPK signaling is one of its major mechanisms of action
[35]. Activation of MAPK via phosphorylation can lead to
either cell proliferation or apoptosis. The KEGG analysis
of miR-20b showed that there are many putative targets
for miR-20b involved in MAPK signaling (Figure 7).
Genes including FAS ligand G (FASLG), FGF4, DUSPS,
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Table 1 Pathways affected by the putative targets of miR-625
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KEGG Pathway Gene Name Found Genes -In(p-value) KEGG Pathway ID
Ubiquitin mediated proteolysis UBE2NL, UBE2N, FBXW?7, SIAH1 4 12.75 hsa04120
p53 signaling pathway SIAHT, IGF1 2 477 hsa04115
Regulation of autophagy ATG5 1 1.62 hsa04140
Focal adhesion COLTAT, IGF1 2 127 hsa04510
Neurodegenerative Diseases FBXW?7 1 1.16 hsa01510
Lysine degradation SETD1A 1 1.16 hsa00310
mTOR signaling pathway IGF1 1 09 hsa04150
Glioma IGF1 1 0.59 hsa05214
Glycerophospholipid metabolism ACHE 1 0.55 hsa00564
Renal cell carcinoma ARNT 1 0.52 hsa05211
Melanoma IGF1 1 049 hsa05218
Long-term depression IGF1 1 046 hsa04730
ECM-receptor interaction COLTA1 1 04 hsa04512
Hematopoietic cell lineage CSF3R 1 0.39 hsa04640
Neuroactive ligand-receptor interaction GHRHR 1 037 hsa04080
Cytokine-cytokine receptor interaction CSF3R 1 037 hsa04060
Prostate cancer IGF1 1 0.32 hsa05215
TGF-beta signaling pathway FST 1 031 hsa04350
Axon guidance SEMA6C 1 0.1 hsa04360
Cell Communication COL1AT 1 0.04 hsa01430
Jak-STAT signaling pathway CSF3R 1 0.01 hsa04630
Wnt signaling pathway SIAH1T 1 0 hsa04310
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Figure 5 Effect of miR-300 on TGF-f signaling pathway. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis was used to identify the

putative targets (yellow) for miR-300.
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MAPK1, TGFBR2) and various MAP3Ks are found to be
putative targets for miR-20b. Our miRNA analysis
showed that miR-20b was down-regulated, which is
further validated by qRT-PCR. Therefore, in conjunctions
with our data and other published reports, it may be pos-
sible that the cis-platin resistance in the cells can be due
to the down-regulation of miR-20b, which could poten-
tially target genes like DUSP8 and thereby inhibit p38
and MAPKO9 axis for apoptosis (Figure 8). These findings
are further supported by recent studies by Wang et al.
[36], who showed that MAPK signaling is important for
cis-platin induced cell death. In addition to FAS ligand G
(FASLG), miR-300 can also target NF-xB, PRKACB and
other proteins involved in apoptosis pathway (Figure 6).
This information further support the notion that up-reg-
ulation of miR-300 promoting cis-platin resistance in the
cells by targeting many genes involved in apoptosis and
cell cycle.

TGEF- signaling is the second most affected pathway
by these miRNAs (Additional file 1). We also observed

that miR-300 has the highest number of putative targets
involved in this pathway. TGF-B is involved in cell pro-
liferation, cell adhesion, cell migration, and cell differen-
tiation [37] and is up-regulated in many tumors [38].
Although not much is known about its role in cis-platin
induced cell death, but recent evidences suggest that
decreased expression of TGFBR1 is observed in cis-pla-
tin and TGF-f resistant L1210 cells [39]. In addition
down-regulation of Smad proteins could induce cis-pla-
tin resistance [40]. Our miRNA array showed the up-
regulation of miR-300, which can potentially target
genes including TGFBR1 and many Smad proteins (Fig-
ure 5). From these observations, the cis-platin resistance
in these cells may be mediated through induction of
miR-300 which may regulate TGF-B induced apoptosis
and cell cycle.

Ingenuity Pathway Analysis (IPA) of selected miRNAs
showed that let-7 is involved in regulation of cell cycle,
growth, proliferation and differentiation (Figure 8).
Genes affected by let-7 are indirectly connected with
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dotted lines, whereas the genes connected with solid
lines are affected directly. According to IPA, let-7
decreases the expression of cyclin-dependent kinase 7
(Cdk7) [41]. Cell cycle-dependent kinases are important
for cell division, and inhibitors of cdk are found to be
involved in improving sensitivity to cis-platin [42]. IPA
also showed that let-7 decreases the expression of cyclin
D and E [41]. Our miRNA array showed the down-regu-
lation of let-7, which is further validated by qRT-PCR.
From these observations, one of the potential mechan-
isms of cis-platin resistance to these cells may be result
of down-regulation of let-7, which could be an effective
inhibitor of Cdk7.

Thus, in theory, if the expression of these miRNAs is
reversed in A2780/CP70; these cells should become vul-
nerable to cis-platin. The cell viability test supported
that the A2780 cell line is more susceptible to cis-platin.
Consistent with our findings, Parker et al. [43], using
A2780 and A2780/CP70 cell lines studied their respec-
tive characteristics of drug accumulation and efflux,

cytosolic inactivation of drug, and DNA repair, showed
that the A2780/CP70 cell line was 13-fold more resis-
tant to cis-platin than A2780 cells.

The A2780/CP70 cell line demonstrated being more
resistant to cis-platin and revealed differential expression
of 11 miRNAs. Even though difference in the levels of
these 11 miRNAs between two cell lines is moderate
but could be highly significant to change the sensitivity
of ovarian cancer to cis-platin. Therefore, defining the
function of miRNAs that are differentially expressed in
A2780 and A2780/CP70 cell lines identified in our stu-
dies could be highly significant in relation to change in
sensitivity of A2780 cell line to cis-platin, which could
lead to better management of cis-platin resistance ovar-
ian cancer.

Conclusions

Identification of the differential miRNA expression pat-
tern in human EOCs towards the resistance to cis-pla-
tin, as well as their targets in case of ovarian cancer,
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lines are the ones affected directly.

provides new opportunities for therapeutic strategies.
miRNA-based gene therapy targeting deregulated miR-
NAs will be a future tool for cancer diagnosis and treat-
ment. Cis-platin resistance can significantly impede a
patient’s survival and recovery chances. Our study has
taken a step to identify the differential miRNA expres-
sion in two cell lines to potentially re-sensitize cis-platin
resistant cells. The KEGG and IPA analysis of the

selected miRNAs clearly showed that the differentially
expressed miRNAs affected many important pathways
including TGF-B, apoptosis, MAPK, p53 and many
other signaling pathways, which have direct or indirect
role in cis-platin mediated cell death. Detailed under-
standing of the characteristic miRNA abnormalities
could contribute to novel approaches in early diagnosis
and better management of ovarian cancer.
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Additional material

Additional file 1: List of pathways affected by the targets of
selected miRNAs. We used KEGG pathway analysis to identify the
targets for the selected miRNAs from our analysis and the pathways
affected by these targets. The p-values given for each miRNA
corresponds to the number of targets involved in that particular pathway
against total number of molecules or genes present in each pathway.

Additional file 2: List of pathways affected by the targets of miR-
300. We used KEGG pathway analysis to identify the targets for the miR-
300 and the pathways affected. Found genes column represents the
number of miR-300 targets present in a particular pathway. The p-values
given correspond to the number of targets involved in that particular
pathway against total number of molecules or genes present in each
pathway.
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