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Abstract: Ovarian cancer is the most deadly of the gynecologic malignancies. Most epithelial ovarian cancers re-
spond to initial treatments with platinum agents. However, once the tumor develops platinum resistance, the prog-
nosis for the patient is poor. We investigated the role of microRNA as a potential marker for platinum resistance in 
a platinum sensitive parent and platinum resistant daughter ovarian cancer cell line (2780S and 2780/CP70). We 
performed quantitative reverse transcriptase-polymerase chain reaction on 20 microRNA targets in both lines. We 
identified miR-let-7i and miR-125b as the most differentially over- and under-expressed, respectively, in the resis-
tant line compared to the sensitive line. Down-regulation of miR-let-7i levels in the resistant line suggested improved 
response to platinum (P<0.0001). Our results may show an association between miR-let-7i and platinum resistance 
and that manipulation of microRNA levels may change the platinum resistant phenotype of a cell line. Additional 
research of the miR-let-7i pathway is needed to further characterize this association.
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Introduction

Epithelial ovarian cancer has the highest mor-
tality of the gynecologic malignancies. It is re- 
sponsible for over 14,240 deaths annually [1]. 
Initially, ovarian cancer is highly sensitive to 
platinum therapy responding in over 70 percent 
of cases [2]. Platinum is a chelating agent, 
widely used in ovarian cancer since the mid-
1980s [3]. Unfortunately, most ovarian cancers 
recur and eventually become resistant to plati-
num therapy. Once resistant, the chance of an 
ovarian cancer responding to any chemothera-
peutic agent decreases to near 20% [3]. No cur-
rent methodology improves our ability to pre-
dict a patient’s response to one salvage thera-
py over another. Many patients suffer side-
effects from ineffective salvage agents without 
a compensatory benefit. If we could elucidate 
the molecular mechanisms of platinum resis-
tance, we may be able to better direct therapy 
to either improve chance of response or de- 
crease risk of side-effects.

Our understanding of cellular mechanisms is 
evolving. MicroRNA (miRNA) are non-coding 

RNA that regulate an estimated 60% of mam-
malian mRNAs [4]. MiRNA are thought to inhibit 
translation and/or mediate regulation of mes-
senger RNA decay by binding to a target mes-
senger RNA [5]. In rarer cases, miRNA may initi-
ate translation [5-7].

MiRNAs have been implicated in both tumor 
suppressor and oncogenic functions with exam-
ples of individual miRNAs leading to either up-
regulation or down-regulation of cancer associ-
ated targets [5, 6]. Few individual miRNA appear 
to play consistent roles across cancer types 
with miRNA profiling in cancers showing wide-
spread deregulation [5]. Examples of miRNAs 
which have been studied in association with 
ovarian cancer include miR-9, miR-10a, miR- 
21, miR-22, miR-25, miR-26a, miR-30, miR-31, 
miR-991, miR-100, miR-100, miR-105, miR-
122, miR-124, miR-125b, miR-126, miR-127, 
miR-128, miR-132, miR-133, miR-134, miR-
140, miR-141, miR-143, miR-145, miR-146, 
miR-147, miR-149, miR-152, miR-181, miR-183, 
miR-192, miR-196a, miR-199a, miR-199b, miR-
200a, miR-200b, miR-211, miR-214, miR-223, 
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miR-224, miR-374, miR-375, miR-379, miR-
382, miR-483, miR-503, miR-584, miR-625, 
miR-877, and the Let-7 family [5, 8-18]. MiRNAs 
which have been studied in association with 
platinum resistance include miR-9, miR-17, 
miR-20b, miR-21, miR-26a, miR-130a, miR-
136, miR-138, miR-141, miR-145, miR-193b, 
miR-194, miR 214, miR-300, miR-429, miR-
542-3p, miR-625, miR-642, miR-1299, miR-let-
7c, and miR-let-7i [10, 16, 19-21]. In recent 
studies, roles of miRNA have been associated 
with proliferation, progression, survival and 
drug resistance [6, 8, 19, 22-26].

Studies to date suggest that miRNA are integral 
to regulatory mechanisms associated with che-
motherapy resistance and therefore, altered 
expression could lead to a change in chemo-
therapy sensitivity. In this report, we hypothe-
sized that miRNA influences the sensitivity of 
ovarian cancer cells to cisplatin. This study ex- 
amined the relative expression in a cisplatin 
resistant daughter compared to a cisplatin-sen-
sitive parent cell line of key microRNA, including 
many known to be associated with cancer che-
moresistance. We then assessed the effect  
of modulating miRNA levels on the cisplatin 
dose-response curves.

Methods

Cell culture

We used parent-daughter ovarian cancer cell 
lines, 2780S and 2780/CP70. 2780S is the 
parent and platinum sensitive. 2780/CP70 is 
the daughter with in vitro acquisition of cisplat-
in resistance. The cells were obtained from 
stock owned by the University of Arizona Can- 
cer Center. We subjected our cell lines to genet-
ic analysis to confirm their identity. Both cell 
lines were grown in 1640 MEM with 10% FBS 
at 37 degrees Celsius, and were tested for 
mycoplasma and confirmed mycoplasma free. 
We did not use antibiotic or platinum additives 
to maintain the cell lines.  

Platinum resistance

We tested the cisplatin sensitivity of each line 
by performing clonogenic assays. Each plate 
was seeded and treated with doses ranging 
from 0 to 200 uM for 24 hours at 37 degrees 
Celsius. A second evaluation was performed 
using doses ranging from 0 to 5 uM for 72 
hours at 37 degrees Celsius. A cisplatin dose-

response curve was generated for each condi-
tion. We evaluated the IC50 of each curve to 
confirm that the 2780/CP70 line was platinum 
resistant compared to the 2780S line. The dif-
ference in IC50 between the resistant and sensi-
tive cell lines was approximately 3 fold in each 
condition in our hands. 

RNA isolation

We Isolated RNA using the miRVanaTM miRNA 
isolation Kit, using the alternative method of 
lysing the cells directly in the flask. After har-
vesting the miRNA, A260/A280 ratios were cal-
culated to assess for RNA purity.

Expression of miRNA

The relative expression of 20 key miRNA in our 
sensitive versus resistant cell line was deter-
mined by the University of Arizona Genomics 
Shared Resource by quantitative RT-PCR. Per 
protocol from the miRCURY LNATM Universal RT 
microRNA PCR manual, the RNA sample was 
prepared. This was followed by cDNA synthesis. 
Real-time PCR amplification was achieved by 
resuspending and mixing the PCR primers. The 
primers, cDNA, SYBR® Green were added to  
the PCR plates. SNORD44 (has) was used as 
the housekeeping miRNA. Relative Gene Ex- 
pression was determined using the 2-ΔΔCT meth-
od. Relative expression was presented as the 
mean of 3 independent assays using primer 
sets from Exiqon. MiRNA evaluated included  
the Let 7 family (miR-let-7a, miR-let-7b, miR-let-
7c, miR-let-7d, miR-let-7e, miR-let-7f, miR-let- 
7g, miR-let-7i), mir-200c, miR-610, miR-199a-
3p, miR-199a-5p, miR-214, miR-130b, miR-
200b, miR-130a, miR-27a, miR-27b, miR-199b-
5p, miR-125b.

Transfection

Studies of effect of either overexpressing 
miRNA or their inhibitors were performed by 
transient transfection of cells for 24 hours fol-
lowed by treatment with cisplatin. The oligo-
mers used for overexpression were mirVanaTM 
miRNA mimics hsa-miR-125b-5p (UCCCUG- 
AGACCCUAACUUGUGA) and has-let-7i-5p (se- 
quence not provided) obtained from Ambion® 
by Life TechnologiesTM. The oligomers used to 
inhibit expression were Anti-miR™ miRNA in- 
hibitors hsa-miR-125b-5p (UCCCUGAGACCCU- 
AACUUGUGA) and hsa-let-7i-5p (UGAGGUAGU- 
AGUUUGUGCUGUU) obtained from Ambion® by 
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Life TechnologiesTM. The control cell lines were 
without transfection. The dose of oligomer was 
25 pMol for the majority of the experiments.

The experiments were performed multiple 
times, sometimes varying conditions or doses 
slightly to ascertain the effects. For each cell 
line, cells were treated with cisplatin doses 
ranging from 0-31.25 uM for 72 hours. The 
control cell lines remained untreated. The level 
of expression was recorded. The primary goal 
of the first set of experiments was to assess  
if the cell viability was significantly different 
between transfected cell lines and the control 
cell line after treatment with cisplatin. A sepa-
rate set of experiments compared transfected 
cell lines to a control with transfection reagents 
without oligomers, called a “no-oligo” control. 

Transfection for both overexpression and in- 
hibition was performed with Lipofectamine® 
RNAiMAX Reagent by InvitrogenTM by Life Tech- 

nologiesTM. A 96 well plate was used. Transfec- 
tion of miRNA mimics and Anti-miRs was per-
formed according to Lipofectamine® protocol. 
MiRNA-Lipofectamine® RNAiMAX complexes 
(both miRNA mimics and Anti-miRs) were pre-
pared diluting the miRNA duplex in Opti-MEM®  
I Medium without serum and added to the base 
of each well of 96 well plate. Lipofectamine® 
RNAiMAX was then added to the diluted miRNA 
molecules, mixed, and incubated for 20 min-
utes at room temperature. The cells of either 
the parent or resistant daughter were added  
to regular 1640 MEM with 10% FBS media. 
After 20 minutes, the diluted cells were added 
to each well with the RNAi complexes already  
at the base. The reaction was incubated at 37 
degrees Celsius in a CO2 incubator for 24 hours.   

Transfection efficiency was demonstrated in re- 
presentative experiment after 24 hours trans-
fection using the same conditions described 
above with fluorescent labeled microRNA (miR-
125b and miR-let-7i), showing near 100% intra-
nuclear transfection (Figures 1 and 2).

Cisplatin dose-response curves

Cisplatin dose-response curves were generat-
ed, using an MTT assay to determine cell viabil-
ity, to determine the effect of miRNA overex-
pression or silencing compared to control after 
treatment with cisplatin. The cells were exposed 
to cisplatin doses ranging from 0 to 31.25  
uM of cisplatin, with the specific range varying 
between experiments. This range was chosen 
to include the IC50s of both sensitive and resis-
tant cell lines. Each cell line and experimental 
condition (miRNA transfected or untreated con-
trol) was treated with each dose of cisplatin in 
four adjacent wells on a 96-well plate (i.e., 4 
technical replicates for each combination of 
cell-line type and dose). Cell viability was mea-
sured after cisplatin exposure of 72 hours for 
each well using an MTT assay. 

Statistical methods 

Each experiment was analyzed with Graph Pad 
Prism software (La Jolla, CA). A dose-response 
curve was created using a log of the dose of 
oligonucleotide used. The data was normalized 
using the y axis as a common scale. A nonlinear 
regression was performed and the IC50 of each 
curve was evaluated. 

Figure 1. Transfection of 2780/CP70 cells with fluo-
rescently labeled miR-125b.

Figure 2. Transfection 2780S cells with fluorescently 
labeled miR-let-7i.
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Because the conditions varied between experi-
ments, the mixed effects analysis of variance 
model (referred to as the mixed effects model 
in this paper) was used to assess the differ-
ence between cisplatin dose response curves, 
where transfection and cisplatin doses were 
fixed effects and time was a random effect. The 
p-value for multiple comparisons was adjust- 
ed by Dunnett adjustment. The mixed effects 
model used data from 9 independent experi-
ments, with the conditions for each experiment 
summarized in Table 2. The results shown 
below (Tables 3, 4) are the comparisons of cell 
viability by MTT assay in the transfected versus 
control cells after adjusting for the cisplatin 
and time effects. P-value <0.05 was consid-
ered significant. The mixed analyses were con-
ducted using SAS V9.1.2 software (Cary, NC).

Results

Relative expression of 20 miRNA was studied  
in our cell lines (Figure 3). Levels of miR-let-7i 
and miR-125b showed the most discrepan- 
cy between sensitive and resistant cell lines. 
Thus, we chose to focus on study of these miR-
NAs. MiR-let-7i was overexpressed in the resis-
tant line with relative expression of miR-let-7i  
in the resistant line compared to the sensitive 

line of 293.2363 fold. In contrast, miR-125b 
has decreased expression in the resistant line, 
with relative expression of miR-125b in the 
resistant line compared to the sensitive line of 
0.000214. Table 1 shows estimated standard 
deviation from raw data of 3 different runs.

Because it appeared that miR-125b was asso-
ciated with cisplatin sensitivity, we asked if inhi-
bition of miR-125b expression would confer 
cisplatin resistance in the sensitive cell line. We 
were unable to demonstrate any significant 
effect on the cisplatin dose-response curve 
through inhibition of miR-125b (representative 
experiment shown in Figure 4), a result con-
firmed by mixed effects model (Tables 3 and 4).

We next studied whether there was an effect of 
overexpression of miR-125b on the cisplatin 
resistant cell line. We found that miR-125b 
overexpression appeared to improve cisplatin 
dose response of the 2780/CP70 cells in indi-
vidual experiments (representative experiment 
shown in Figure 5). However, significance was 
not consistent across multiple experiments, 
and the level of shift of the cisplatin dose re- 
sponse curve to the left was minimal. While the 
mixed effects model showed significance when 
the control condition contained no transfection 
reagents (Table 3), it failed to show a signifi- 
cant effect of miR-125b overexpression on plat-
inum response in the resistant cell line when 
the control conditions were more stringent in- 
cluding the transfection reagents (Table 4).  
In addition, we cannot rule out the possibility 
that a non-specific effect of the oligomer could 
have contributed to some of the minor changes 
in cisplatin dose response seen in the mixed 
effects models (Tables 3 and 4). Collectively, 
we interpret these results that there is no sig-
nificant effect of manipulation of miR-125b in 
either resistant or sensitive cell line on cisplatin 
dose response.

Since miR-let-7i appeared associated with cis-
platin resistance, we wondered if silencing  
of miR-let-7i would confer relative cisplatin sen-
sitivity in the resistant cell line (representa- 
tive experiment shown in Figure 6). In this 
experiment the IC50 was significantly different 
between the two conditions (P<0.0001). In the 
platinum-resistant cell line, subsequent experi-
ments continued to suggest silencing of miR-
let-7i led to increased cisplatin sensitivity. Be- 
cause dosing conditions varied between ex- 

Table 1. Median delta-delta CT levels and as-
sociated Standard deviations of 3 replicates
miRNA Median Standard deviation
Let-7i 293.23626 16.41582
Let-7d 205.49406 42.00302
Let-7f 77.85892 14.72001
Let-7g 37.30644 1.60631
Let-7b 24.95034 10.23678
Let-7e 3.07531 1.47765
Let-7a 1.94749 0.44423
610 1.72059 0.26897
199a-3p 1.43740 0.07335
Let-7c 1.41337 0.03878
199a-5p 1.32318 0.11090
214 0.84446 0.01100
130b 0.62209 0.01750
200b 0.53458 0.32826
130a 0.51860 0.00989
27a 0.34856 0.00367
27b 0.28634 0.18483
199b-5p 0.09329 0.00456
125b 0.00021 0.00014
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periments we also applied a mixed effects 
analysis of variance model to our results as 
described in the methods section. This model 
also confirmed that across experiments, as a 
group, there appeared to be increased sensi- 
tivity of cells to cisplatin in the platinum resis-
tant line after silencing miR-let-7i (P<0.0001 
and P=0.0006; Tables 3 and 4, respectively).

We next studied whether overexpression of 
miR-let-7i led to cisplatin resistance in the par-
ent cisplatin sensitive cells. We were unable to 
demonstrate that over-expression of miR-let-7i 
confers cisplatin resistance in the 2780S cells 

pear to be more stable in paraffin-embed- 
ded tissue than their longer messenger RNA 
(mRNA) counterparts allowing for processing 
with less demanding storage conditions. Fur- 
ther, the ability to extend studies to paraffin-
embedded tissue creates an opportunity to re- 
search archived specimens. Work by Lu et al. 
suggests that miRNA microarray profiles may 
accurately classify poorly differentiated cancer 
samples better than mRNA microarray profiles 
[5, 27]. Currently, there is a significant limita-
tion to RNA genetic research in cancer as, tradi-
tionally, fresh frozen tissue has been needed 
for isolation of messenger RNA.  

Table 2*. Conditions for the 9 cisplatin dose response experiments used in analysis
2870S 2870/CP70

No 
oligo

No  
transfection

125b DOWN 
transfection

Let-7i UP  
transfection

No 
oligo

No  
transfection

125b UP  
transfection

Let-7i DOWN 
transfection

1 1 1 1
2 2 2 2

3 3 3 3 3
4 4 4 4

5 5 5 5
6 6 6
7
8 8 8 8
9 9 9 9 9

*The numbers in this table represent the experiment number.

Table 3. Mixed effects analysis of variance model of cisplatin 
dose response using no transfection as the control condition
Cell line Transfection Mean (S.D.) p-value 
2870S No transfection 0.768 (0.045)

125b transfection (125b DOWN) 0.694 (0.046) 0.1069
Let-7i transfection (Let7i UP) 0.513 (0.055) <0.0001

2870/CP70 No transfection 1.567 (0.053)
125b transfection (125b UP) 1.208 (0.058) <0.0001
Let-7i transfection (Let7i DOWN) 1.138 (0.061) <0.0001

Table 4. Mixed effects analysis of variance model of cisplatin 
dose response using no oligo as the control condition
Cell line Transfection Mean (S.D.) p-value 
2870S No Oligo 0.686 (0.073)

125b transfection (125b DOWN) 0.655 (0.053) 0.0627
Let-7i transfection (Let7i UP) 0.458 (0.067) <0.0001

2870/CP70 No Oligo 1.508 (0.065)
125b transfection  (125b UP) 1.256 (0.083) 0.0738
Let-7i transfection (Let7i DOWN) 1.033 (0.085) 0.0006

in our hands (representative 
experiment shown in Figure 7). 
Instead, the data appear to 
suggest that in the 2780S 
cells, overexpression of miR-
let-7i led to chemosensitiza-
tion, confirmed by mixed ef- 
fects model (Tables 3 and 4). 
This result does not appear  
to be a non-specific effect of 
oligomer, as the effect is great-
er than seen by the miR-125b 
oligomer. Thus, this finding may 
be real using these cells.

Discussion

MicroRNAs bring both chal-
lenges and opportunities for 
research in cancer biology. 
Techniques are improving to 
facilitate isolation and identi- 
fication of miRNA. MiRNA ap- 
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Our study has shown that there may be poten-
tial for manipulation of miRNA influencing re- 
sponse to therapy. The strengths of this study 
include a genetically confirmed and mycoplas-
ma free platinum sensitive parent and resistant 
daughter line. IC50 curves confirmed that the 
parent was more sensitive than the daughter. 

However, the difference in their sensitivity was 
small and this may have confounded our 
results. Our findings were internally consistent 
as we were able to reproduce results; however, 
we were unable to demonstrate that overex-
pression of miR-let-7i in the sensitive line con-
ferred resistance as was hypothesized from our 
findings that miR-let-7i was overexpressed in 
platinum resistant 2780/CP70 cells. Our 
results are different from others in the litera-
ture. However, many but not all of those studies 
used different cell lines, used tissues, or 
focused on other cancers. 

Our study found an increase in miR-let-7i ex- 
pression in platinum resistant daughter 2780/
CP70 compared to parent 2780S cells. This is 
not consistent with findings of other studies. 
MiR-let-7i has been studied in ovarian cancer 
cell lines and found to be down regulated in 
platinum resistant compared sensitive lines 
that are different than ours [7, 28]. Yang et al. 
also noted that miR-let-7i was down regulated 
in tissues from platinum resistant patients. In 
another study, the same cell lines as ours were 
used, but miR-let-7i was not identified as being 
differentially expressed. In this study, Kumar  
et al. performed miRNA profiling of the 2780S 
and 2780/CP70 cell lines using miRNA chips  
of 1500 miRNA, in which he identified 11 dif-
ferentially expressed miRNA [26]. Neither miR-
let-7i nor 125b were identified as being differ-
entially expressed using his approach. Other 
miRNA targets which have been identified to  
be differentially expressed between platinum 
sensitive and resistant ovarian cancer tissues 
or other cell lines include miR-17, miR-20b, miR-
21, miR-27a, miR-378, miR-23a, miR-93, miR-
138, miR-193b, miR-194, miR-300, miR-542-

Figure 3. Relative expression of various miRNAs.

Figure 4. Inhibition of miR-125b in the sensitive line 
did not affect response to cisplatin. P=0.4945.

Figure 5. Over-expression of miR-125B in the resis-
tant line initially appeared to increase response to 
cisplatin, P=0.009.
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3p, miR-625, miR-642, miR-1299, and miR-let-
7c [26, 28-30]. In several cell lines, Let-7i inhibi-
tion increased sensitivity to other anticancer 
compounds eg., NSC670500 [31]. MiR-Let-7i 
has been described as a modulator in different 
cancers. The Let-7 family is thought to be tumor 
suppressor [32, 33] and may be a regulator of 
cell proliferation pathways [34, 35]. Decreased 
expression has been correlated with poor re- 
sponse to chemotherapy in gastric cancer [36]. 
It is also shown decreased expression in lung 
squamous cell cancer and mixed epithelial me- 
senchymal uterine tumors [37, 38]. Further, it 
has been hypothesized to be involved with co- 
lorectal cancer metastatic potential [39, 40].

We also found that miR-125b was significantly 
down regulated in our resistant line compared 
to the sensitive parent line. This finding was 
also different from that found by Kong et al., 
who described that miR-125b was upregulated 
in C13 cells, a platinum resistant daughter line 
of 2008, the platinum sensitive parent [41]. 
They were also able to induce resistance with 
up regulation of miR-125b [41]. This pair of cell 

lines differed from ours. It is possible, if not 
likely, that the mechanisms for cisplatin resis-
tance in the 2008 cell line may differ from 
those in the 2780/CP70 cell line. Although 
Sorrentino et al. also found miR-125b to be 
upregulated in platinum resistant line, they 
conversely found miR-125b to exhibit decrea- 
sed expression in ovarian cell line A2780TAX, 
resistant to paclitaxel [42]. Elevated miR-125b 
has also been associated with chemo-resis-
tance in breast cancer patient tissues and 
blood serum [43, 44]. Whereas Lv et al. found 
decreased levels of miR-125b in anthracycline 
resistance cell lines [45]. MiR-125b may prove 
to be a marker of chemo-resistance.

There were many limitations to our study. We 
performed many experiments, but with varied 
experimental conditions. Optimally, in order to 
decrease variability between experiments, we 
would need to perform a larger number of bio-
logical replicates while maintaining the same 
experimental conditions. This would increase 
the power to detect differences in IC50 values in 
the cisplatin dose response curves generated 
after manipulation of miRNA levels. 

We used only one pair of platinum sensitive 
and resistant cell lines. Clearly, other pairs of in 
vitro derived cisplatin resistant cell lines some-
times yield differing data, even in our own 
hands, as seen in the case of study of differen-
tial expression of miR-125b. Regardless of the 
direction of miR-125b differential expression, 
neither knockdown of miR-125b in the plati-
num sensitive cell line, nor overexpression of 
miR-125b in the resistant cell line appear to 
change ovarian cancer cell sensitivity to cis- 
platin in our hands. Differences in miR-125b 
expression may be unique to our cell line and 
may not represent specifically platinum resis-
tance. Alternative models of drug resistance 
including tumor xenografts have several ad- 
vantages over cell line models. Further, our 
model was an in vitro derived platinum resis-
tant model. Lastly, the small sample size of  
our cisplatin dose-response experiments may 
have impacted on this negative result.  

Our finding which was significant and reproduc-
ible was that miR-let-7i was associated with  
cisplatin resistance in the cisplatin resistant 
cell line. Inhibition of miR-let-7i in the resistant 
line significantly improved cisplatin sensitivity 
as measured cell viability post treatment (P< 
0.0001). This finding however may be confined, 

Figure 6. Inhibition of miR-let-7i in the platinum resis-
tant line appears to increase response to cisplatin, 
P<0.0001.

Figure 7. Over-expression of miR-let-7i in the platinum 
sensitive line did not confer resistance, P<0.001.
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to our knowledge, to this pair of cell lines under 
the conditions applied. Unfortunately, our study 
was unable to demonstrate an effect of overex-
pression of miR-let-7i in the sensitive line on 
enhancing cisplatin resistance (Figure 7). In 
fact, the reverse finding was seen, underscor-
ing once again that the findings of this study 
appear to be cell line specific. Notably, as dis-
cussed above, the role of miR-let-7i in the litera-
ture is neither consistent among different cell 
lines nor consistent among different cancers. 
Future research would need to address which 
messenger RNAs may be targeted by the miR-
let-7i miRNA studied in this resistant cell line 
and which pathways may be involved to initiate 
a drug resistant model. 

There are many drug resistance mechanisms, 
including decreased drug accumulation, incre- 
ased repair of drug induced damage; altered 
gene expression and drug target; and increas- 
ed resistance to apoptosis [46]. Sensitivity to 
chemotherapy is important to patient survival. 
Currently, the ability to predict response re- 
mains elusive. MiRNA provide a new potential 
tool in the quest for predictive markers and 
therapeutic targets. In gynecologic tumors, cur-
rent research aims to determine specific miRNA 
signatures [30, 42, 47, 48]. Further investiga-
tion in miRNA and their molecular targets is 
needed to further elucidate both their role in 
chemotherapy sensitivity and their potential 
role in chemotherapeutic treatment.
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