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Abstract

Despite significant progress in our understanding of the pathophysiology of cancer as a whole,
ovarian cancer is still remains as one of the most intractable forms of the disease with only 30% cure
rate with the conventional therapy. It is also one of most common gynecologic cancer among
women. One histologic variety is the epithelial ovarian cancer that constitutes more than 90% of the
cases; also develop resistance to chemotherapeutic agents. Recent studies have demonstrated the
role of micro RNA (miRNA) in the evolution and progression of ovarian cancer. Furthermore,
aberrant expression of miRNA has been implicated in the development of resistance to
chemotherapy in such cases. This review compiles recent advances in the role of miRNA in
chemoresistant ovarian cancer and approaches to tackle the problem and design therapy that is

more effective.
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Since the first reporting in 1993 (1), miRNA has
been found to be involved in many fundamental
cellular processes including differentiation, proliferat-
ion, apoptosis and metabolism (2) by altering the
translational output through imperfect base pairing
with the target mRNA (3). Aberrant expression of
miRNA has been linked to disease conditions
including cancer (4). Mechanism of miRNA functions
has been discussed in detail later in the review.

“Based on statistical data from 2004-2006, 1.40%
of women born today will be diagnosed with ovarian
cancer at some point during their lifetime (5).”
Ovarian cancer is one of the factors responsible for the
high mortality rate in women with gynecologic
disorders in America to date (6). A common treatment
for ovarian cancer is debulking surgery followed by
platinum-based chemotherapy. Platinum- based
chemotherapy typically comprises of carboplatin and
paclitaxel and is usually given in six cycles (6).
Unfortunately, while many patients do respond to the
treatment initially, majority of them relapse due to

chemo-resistance. The average survival of women
with advanced ovarian cancer is 3-4 years and the
relapse usually occurs within an average of 12- 18
months of initiating the treatment and continues
during the course (6, 7). In an effort to understand,
why patients relapse after a period, the patterns of
gene expressions in ovarian cancer have been studied
in clinical specimens and cell lines by employing
cDNA microarray assays. Several genes are
differentially expressed in ovarian cancer as deduced
from the cDNA microarray assays that could possibly
be the solution scientists are looking for in explaining
chemo-resistance in certain ovarian cancers.

miRNAs are non-coding RNAs with average
length of 22 nucleotides and have been implicated in
posttranscriptional regulation of gene expression.
Similar to messenger RNA (mRNA), miRNAs are
transcribed by RNA polymerase II and are also
spliced, and polyadenylated (8). However, in contrast
to mRNAs, miRNAs are easily differentiated
phenotypically due to its pre-miRNA containing
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stem-loop structure. This stem-loop structure is
eventually cleaved by cytoplasmic RNase III dicer,
which results in a miRNA duplex. The duplex strands
are separated and one of the strands is degraded
while the other one becomes a mature miRNA.
Mature miRNAs are known to bind to
complementary sequences in the 3’ untranslated
region (UTR) of the target mRNAs and usually causes
silencing (i.e. suppression of translation) or cleavage
of the mRNA (8).As modulators of protein expression,
miRNAs have also been found to operate as both
oncogenes and tumor suppressors (9, 10).
Furthermore, miRNAs play roles in cell growth,
differentiation, and programmed cell death because
the levels of individual miRNAs are significantly
different in varying cell types and different
developmental stages (8). Moreover, these novel
classes of regulators are now more commonly
recognized as principal figures in essentially any
development and progression of neoplasms (11).

The aim of this review paper is to highlight the
miRNAs involved in causing a chemo-resistance by
ovarian cancer cells against anticancer drugs. In
addition, this will focus on the previously
documented findings on the miRNAs expressed in
various ovarian cancer cell lines. It will also list the
miRNAs that play key roles in regulating other
oncogenic pathways of the progression of ovarian
cancer.

Table 1 gives an overview of the most recent
miRNAs involved in producing chemo-resistance in
patients with ovarian cancer. These miRNAs were
mentioned by various investigators including,
Sorrentino et al., 2008; Yang et al., 2008; Eitan et al,
2009; Boren et al, 2009(12); and Van Jaarsveld et al.,
2010(13). Statistically significant miRNAs involved
with inducing ovarian cancer are grouped based on
the particular drug-resistance that was displayed
during clinical and laboratory trials. The anti-cancer
drugs used were cisplatin (cis), paclitaxel (tax),
paclitaxel in the presence of cyclosporine as inhibitor
of P-glycoprotein (TC1-TC3), doxorubicin (dox),
docetaxel (doc), gemcitabine (gem), and topotecan
(top). Sorrentino et al (2008), performed microarrays
to analyze the miRNA profile in paclitaxel and
cisplatin resistant cancerous cells and validated the
results with qPCR and Northern blots (11). Their
results showed that all the resistant cell lines
expressed six particular miRNAs: Let-7e, miR-30c,
miR-125b, miR-130a and miR-335. The expression of
these 6 miRNAs were found to be deregulated in all
the resistant cell lines, which suggested that there is a
direct involvement of these miRNAs in the
development of chemo-resistance.

Table 1. Highly expressed miRNAs showing a resistance towards
chemotherapeutic drugs. Green represents increased expression
while red represents the miRNAs that were deregulated.
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miR-100
miR-106a
miR-125b
miR-126
miR-132
miR-142-5p
miR-181a
miR-181b
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miR-199a
miR-1991-3p
miR-21
miR-213
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miR-23b
miR-27a
miR-29¢
miR-30c
miR-330
miR-331
miR-335
miR-339
miR-340
miR-34b
miR-371
miR-381
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miR-502
miR-514
miR-515-5p
miR-518¢
miR-518c-AS
miR-520f
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miR-let-7a
miR-let-7b
miR-let-7¢
miR-let-7e
miR-let-7g
pre-miR-125b
pre-miR-130a

In another experiment(14), Nam et al. (2008)
studied miRNA expression in clinical specimens and
found that 23 miRNAs were deregulated with more
than two fold change; they further analyzed the
expression pattern by Northern blot analysis. Among
the 23 miRNAs in their study, 6 (miR-125b, miR-100,
let-7b, miR-23b, miR-27b and mir-21) showed similar
expression pattern as found in the above study on the
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chemoresistant cell lines. It is significant that the
expression of these miRNNA was consistent in both cell
lines and clinical specimens. Interestingly, the main
finding in the cell line study was the link between
miR-130a and the M-CSF gene. The M-CSF gene is a
known resistance factor and enhancer of invasiveness
and metastatic promoter for ovarian cancer(15). In
silico studies using various computational methods
showed M-CSF mRNA as a potential target for
miR-130a (11, 16, 17). Furthermore, M-CSF protein is
upregulated in all the chemo- resistant cell lines and
this is in part caused by a marked reduction of
miR-130a. A recent study on the relation of down
regulation of miR-30a/c and cisplatin resistance
shows a protein called Snail, which belongs to a
family of zinc finger transcription factors, is the target
of this micro RNA(18). The miR-30a/c-5p targets the
3'UTR of Snail mRNA. Recently, another work has
also reported downregulation of miR-130a causing
cisplatin resistance in ovarian cancer(19). This group
reported miR-130a targets X-linked inhibitor of
apoptosis (XIAP) indicating the diverse role of
miR-130a in generating chemoresistance. In the study
on clinical specimens (Nam et al, 2008), miR-199a was
found to be down regulated and the authors
considered this finding to be of importance in the
development of chemoresistance and as a predictable
marker for chemoresistant disease.

Yang et al. (2008) similarly found an miRNA,
which also had an influence on an independent
cell-signaling pathway that supplemented towards
neoplasia. They have reported frequent deregulation
of miR-214 along with a cluster of miRNA in ovarian
cancers [5]. The PTEN/ Akt pathway of cell signaling
is mainly involved in the regulation of the cell cycle;
however, if mutated or negatively influenced on,
PTEN will be inhibited, therefore, allowing the Akt
pathway to allow the cell cycle to uncontrollably
proliferate (20). Akt inhibits apoptosis from occurring,
which then leads to an increase in the amount of cells.
This increase in cells leads to a growth of tumors/
neoplasia. The 3’-UTR of the PTEN is targeted by
miR-214, which leads to down-regulation of PTEN
protein and thus activation of the Akt cell-signaling
pathway. This process then induces cell survival and
cisplatin resistance. Furthermore, Yang et al. also
reported several other miRNAs that are deregulated
in ovarian cancer: miR-199a, miR-200a, and miR-100.
Lastly, an anomalous expression of these miRNAs
was detected in about 50% of the ovarian cancers,
especially in the late- stages of tumor progression and
in high- grade tumors. Lately, miR-100, miR-199a-3p,
and miR-214 were found to be the three of the 8
microRNAs that are down regulated in malignant
bladder tissue; miR-200a was found to be up

regulated in the same (21). However, miR-218 has
been reported to be the one that is overexpressed and
marks the malignant bladder cancer sensitive to
cisplatin (22).

A study performed by Boren et al. in 2009, lists
selected miRNAs and their predicted mRNA targets
in ovarian cancer cell lines (OVCA) and its
implication in chemotherapy. Twenty-seven miRNAs
were found to be associated with resistance against six
chemotherapeutic agents, e.g., cisplatin, doxorubicin,
topotecan, paclitaxel, docetaxel, and gemcitabine; 16
OVCA cell lines were analyzed for their sensitivity
(12). Eighteen of the 27 miRNAs showed an increased
expression and other nine showed a decreased
expression with increasing resistance to individual
drugs. The names of the miRNAs are incorporated
into Table 1.

In a clinical perspective of determining
miRNA’s role in chemo-resistance, Eitan et al. (2009),
performed this study on patients who underwent
surgical treatment for ovarian cancer. All of the
patients received platinum-based chemotherapy and
were at various stages of the disease (stage 1-3). Their
main finding of high expression of hsa-miR-27a was
identified as having a very poor prognosis in a
sub-group of patients (9). Patients whose disease kept
progressing even during the first line platinum based
chemotherapy and patients who had the disease in
the past and had a relapse within 6 months of
completing first line of therapy were termed
platinum- resistant. Based on their experiments,
has-miR-27a, 23a, 30c, let-7g, and miR-199a-3p
showed higher expression in the patients who were
termed platinum- resistant. Interestingly, hsa-miR-
449b, when highly expressed, showed increased
sensitivity to chemotherapy and improved survival
rate. Recently, has-miR449b has been reported to
target about 52 mRNAs, out of which one is the
histone deacetylase 1 (HDAC1) (23). Previous study
with the prostate cancer cells showed miR-449a
regulation of HDAC1 causes cell cycle arrest and
apoptosis through suppressing retinoblastoma (Rb)
phosphorylation (24).

The role of p53 in regulating cell cycle and
apoptosis is well studied. P53 protein regulates
several of the miRNAs reported earlier e.g. miR-34b
and miR-200. Activation of p53 influences
mesenchymal-epithelial transition through these two
miRNAs. In addition to regulating miRNA express-
ion, p53 can also affect miRNA processing (25).

While the role of miRNAs in inducing
chemo-resistance in ovarian cancer is a relatively new
topic, much work has been done to specify the key
players involved in this phenomenon. Whether the
miRNAs are upregulated, deregulated, or even
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involved with influencing another pro-oncogenic
pathway, the fact remains that some miRNAs cause
chemo-resistance in ovarian cancer in-vitro and
in-vivo. These miRNAs could serve as potential
biomarkers for prognosis and chemotherapy
resistance. Although further clinical studies are
required to confirm these recent findings, these
miRNAs present as potential candidates for
therapeutic treatments for patients with ovarian
cancer. Furthermore, this could be a solution to
customize chemotherapy for individual cancer patient
needs. This may help in selecting the most
appropriate treatment for the patients who suffer
from a high recurrence risk. Lastly, it could be used to
counsel patients and allow doctors to plan for future
treatments. While ovarian cancer is known to be the
leading cause of gynecologic cancer deaths, recent
evidence from translational studies gives us hope to
battle this disease as the miRNA signatures
discovered may be useful in categorizing, detecting,
and predicting, as well as treating the different
courses of ovarian cancer. In addition, miRNA in
combination with anti-cancer drugs can be potentially
more effective in combating these killer diseases.
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