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Abstract. Altered expression of microRNAs contributes to 
the heterogeneous biological behavior of human malignancies 
and it may correlate with the clinical pathological features 
of patients. The let-7 microRNA family is frequently 
downregulated in human cancers and its aberrant expression 
may be a useful marker for prediction of the clinical response 
to therapy in patients. In the present study, we analyzed the 
expression of three members of the let-7 family (let-7a-3p, 
let-7d-3p and let-7f), which remains largely uncharacterized 
in ovarian cancer tissues. We also investigated the function of 
let-7d-3p in the apoptosis and sensitization to chemotherapy 
in ovarian cancer cells. Our data from stem-loop quantitative 
RT-PCR showed that expression of let-7a-3p and let-7d-3p, 
but not let-7f, was significantly (P<0.04) upregulated in 
ovarian tumors relative to that noted in normal ovarian 
tissues. Markedly, an increased expression of let‑7d-3p (also 
known as let-7d-3*) was associated with positive response to 
carboplatin/paclitaxel treatment in ovarian cancer patients. To 
investigate the biological relevance of let‑7d-3p, we knocked 
down its expression in SKOV-3 ovarian cancer cell line using 
antagomiRs. Loss of function analysis showed that inhibition 
of let-7d-3p significantly (P<0.05) impaired cell proliferation 
and activated apoptosis. In contrast, scratch/wound healing and 

Transwell chamber assays showed that migration and invasion 
abilities were not affected in the let-7d-3p-deficient SKOV-3 
cancer cells. Notably, Annexin V assays showed a significant 
(P<0.05) increase in cell death of cancer cells treated with the 
let-7d-3p inhibitor plus carboplatin indicating a synergistic 
effect of the drug with antagomiR therapy. Gene ontology 
classification of predicted targets of let-7d-3p identified a 
number of genes involved in cellular pathways associated 
with therapy resistance such as ABC transporters, HIF-1, 
RAS and ErbB signaling. In summary, our findings showed 
that inhibition of let-7d-3 activates apoptosis and that its 
upregulation is associated with a positive response of ovarian 
cancer patients to carboplatin/paclitaxel chemotherapy.

Introduction

MicroRNAs (miRNAs) are evolutionarily conserved small 
non-coding RNAs of 25 nucleotides in length that function 
as negative regulators of gene expression by either inhibiting 
translation or inducing degradation of specific messenger RNA 
targets (1). miRNA expression could be disturbed by carcino-
genic agents, chemotherapy and diverse external stimuli, which 
could impact genetic and epigenetic programs contributing to 
the heterogeneous biological behavior of tumors. For instance, 
long-term arsenic exposure of keratinocytes resulted in the 
upregulation of miR-21, miR-200a and miR-141, which were 
found to be involved in the development of melanoma, thus 
they could be promising early biomarkers of skin cancer (2). 
Importantly, changes in the abundance of miRNAs in tumors 
may correlates with clinical and pathological features of 
patients. For example, the downregulation of tumor-suppressor 
miR-198 and upregulation of MSLN, OCT-2, PBX-1 and VCP 
in pancreatic tumors were associated with the poor survival 
of patients  (3). Consequently, miRNAs represent novel 
prognostic biomarkers and promising translational targets in 
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cancer therapy. Particularly, the let-7 family of miRNAs are 
frequently downregulated in diverse types of cancers. let-7 is a 
major regulator of differentiation, pluripotency and apoptosis 
in eukaryotic cells (4-6). In cancer cells, let-7 targets multiple 
oncogenes involved in the deregulation of the cell cycle, 
cell division, proliferation, angiogenesis and apoptosis (7). 
Markedly, experimental restoration of normal expression 
levels of let-7 in cancer cells prevents tumorigenesis indicating 
that it acts as a bona fide tumor suppressor. These findings 
suggest that let-7 members can be used as molecular tools and 
markers in cancer therapeutics.

Epithelial ovarian cancer (EOC) is a highly metastatic 
disease with the highest mortality rate of all gynecologic 
cancers (8). More than 90% ovarian cancers are classified as 
epithelial whereas the remaining most frequent histotypes 
are serous, endometrioid, clear-cell and mucinous. Until 
recently these malignancies were considered as derived 
from ovarian surface epithelium. The different ovarian 
cancer histotypes are characterized by altered genomic 
and epigenetic patterns, which greatly impact oncogenic 
signaling pathways, biological behavior and clinical 
outcome (9). Conventional treatment of ovarian cancer is 
based on surgery and chemotherapy. Platinum-based agents 
including cisplatin and carboplatin represent the first-line 
agents for patients with advanced ovarian cancer  (10). 
Randomized controlled clinical trials established that this 
therapeutic regimen yields 5-year survival rate from 30 to 
92%; and 40 to 60% complete responses depending on the 
spread of disease at time of diagnosis (11). Although most 
patients with ovarian cancer exhibit response to combination 
chemotherapy of platinum salts, many patients develop resis-
tance and relapse with a median progression-free survival of 
only 18 months (12). However, although cisplatin resistance 
mechanisms have been studied for decades, the genes and 
factors involved in this adverse cellular event have not been 
fully identified (13). The scenario is worse as no molecular 
predictors of clinical response to therapy are currently in 
use, although several cellular factors are becoming increas-
ingly studied (14).

Neoadjuvant chemotherapy has been recognized as a reli-
able therapeutic strategy in patients with unresectable EOC. 
Some advances in the study of cellular events leading to proper 
response to neoadjuvant chemotherapy have been reported (15). 
However, the potential role of miRNAs in neoadjuvant chemo-
therapy has not been fully explored in ovarian cancer. In the 
present study, we investigated the changes in expression of 
let-7 family members in order to evaluate whether they have 
a prognostic role in EOC patients who received neoadjuvant 
chemotherapy. In addition, we provide experimental evidence 
concerning the role of let‑7d-3p in apoptosis and sensitization 
of ovarian cancer cells to chemotherapy.

Materials and methods

Cell lines. Human ovarian cancer cell line SKOV-3 was 
obtained from the American Type Culture Collection (ATCC; 
Manassas, VA, USA) and grown in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS) and penicillin-streptomycin (50  U/ml; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Tissue collection. All molecular analyses were carried out on 
primary biopsies. Tissues were formalin-fixed and embedded 
in paraffin. Pathologists confirmed the existence of at least 
80% tumor cells in the clinical specimens.

Ethics statements. The Instituto Nacional de Cancerologia 
(Mexico) provided the ovarian tumor and normal tissue 
collection. The Instituto Nacional de Cancerologia (Mexico) 
ethics committee approved the protocols concerning the use of 
human tissues. A signed informed form consent was obtained 
from each participant or a representative prior to release for 
research use.

RNA isolation from FFPE. Formalin-fixed paraffin-
embedded (FFPE) tissues were obtained from patients with 
ovarian cancer. Total RNA was isolated using the RNeasy 
FFPE kit (Qiagen, Valencia, CA, USA) according to the 
manufacture's protocol. Briefly, 5-10 FFPE sections of 10 µm 
were incubated two times in xylene for 1 h at 63˚C for depar-
affinization. Then, total RNA was extracted according to the 
manufacturer's protocol. In addition, total RNA from SKOV-3 
cells was isolated using the TRIzol protocol (Ambion, Austin, 
TX, USA), and concentration and purity were evaluated by 
spectrophotometry (NanoDrop Technologies, Wilmington, 
DE, USA) followed by 1% agarose-formaldehyde gel electro-
phoresis.

Reverse transcription and real-time polymerase chain 
reaction. Quantitative real-time RT-PCR (qRT-PCR) analysis 
for miRNA expression was performed using the TaqMan 
MicroRNA Assay kits (Assay ID  001178; Thermo Fisher 
Scientific, Inc.). Total RNA (100 ng) was reverse transcribed 
using a looped-RT specific primer targeting the let-7d-3p 
mature sequence CUAUACGACCUG CUGCCUUUCU, 
dNTPs (100  mM; New England Biolabs, Ipswich, MA, 
USA), reverse transcriptase MultiScribe (50 U/µl; Thermo 
Fisher Scientific, Inc.), 10X buffer, RNase inhibitor (20 U/µl; 
Promega, Madison, WI, USA) and 4.16 µl RNase-free water. 
Retrotranscription reaction (1:15) was mixed with master mix 
TaqMan (Universal PCR Master Mix, No AmpErase UNG, 
2X; Thermo Fisher Scientific, Inc.), and the corresponding 
specific TaqMan PCR probe. PCR reaction was performed in 
a GeneAmp System 9700 (Applied Biosystems, Foster City, 
CA, USA) as follows: 95˚C for 10 min, and 40 cycles at 95˚C 
for 15 sec and 60˚C for 1 min. Tests were normalized using 
RNU44 as control.

let-7d-3p inhibition and scramble transfection in SKOV-3 
cells. Let-7d-3p (90 nM) inhibitor (MH10785; Thermo Fisher 
Scientific, Inc.) and scramble (30 nM) sequence (AM17110, 
Thermo Fisher Scientific, Inc.) were used as negative control  
(https://www.thermofisher.com/order/genome-database/details/ 
mirna/MC10785). Both, the inhibitor and scramble sequences 
were individually transfected into SKOV-3 cells using siPORT 
amine transfection agent (Ambion). Briefly, antagomiR let-7d-3p 
and scramble were added to wells containing 1x107 SKOV-3 
cells and incubated for 48 h. Then, total RNA was extracted 
using Trizol and efficacy of antagomiR treatment in endogenous 
let-7d-3p downregulation was evaluated by qRT-PCR using 
specific stem-looped RT oligonucleotide and TaqMan probe 
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(ID: 001178; Thermo Fisher Scientific, Inc.) as implemented in 
the TaqMan MicroRNA Assays protocol.

Cell migration and invasion assays. SKOV-3 cells (1x105) 
treated with let-7d-3p antagomiR (90  nM), or scramble 
sequence (30 nM) were seeded in triplicate in a 6-well plate 
and grown to 80% confluence. Twenty-four hours post‑trans-
fection a vertical wound was traced in the cell monolayer. 
After 12 and 24 h, cells were fixed with 4% paraformalde-
hyde and the scratched area was quantified. For migration 
assays, SKOV-3 cells (1x105) were transfected with let-7d-3p 
antagomiR or scramble sequence, and then transferred to 
0.5 ml serum-free medium and placed in the upper Transwell 
chambers (Corning Inc., Corning, NY, USA), whereas the 
lower chamber was loaded with 0.8 ml medium containing 
10% FBS. The total number of cells that migrated into the 
lower chamber was manually counted after 24 h incubation at 
37˚C. Experiments were performed three times by triplicate 
and results are expressed as mean ± SD. P<0.05 was consid-
ered as statistically significant.

Cell proliferation assays. For cell proliferation studies, the 
MTT reagent [(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide] was added to SKOV-3 cells (1x105) 
and incubated for 3.5  h at 37˚C. Then, dissolution buffer 
(99% isopropanol, 0.3% HCl, 0.7% NP-40) was added to cells 
and incubated for 15 min. Absorbance was recorded at 24 and 
48 h using a spectrophotometer (570-630 nm). Data were 
analyzed using the BioStat software.

Fluorescence-activated cell sorting assays (FACS). SKOV-3 
cells (2x105) were seeded by triplicate in a 6-well plate 
and treated for 48  h as follows: i)  siPORT transfection 
agent (mock); ii) scramble sequence (negative control, 30 nM); 
and iii)  let‑7d-3p antagomiR (90  nM). Then, carboplatin 
(50 µM) was added to let-7d-3p inhibitor-transfected cells or 
alone in non-transfected cells and incubated for 24 h. Then, 
cells were harvested, washed twice with PBS 1X, resuspended 
in 100 µl buffer (10 mM HEPES, 140 mM NaCl, 2.5 mM 
CaCl2), and processed following the manufacturer's instruc-
tions (Annexin V-FLUOS staining kit; Roche Diagnostics, 
Basel, Switzerland). Briefly, cells were stained with 2  µl 
Annexin V-FITC and 2 µl propidium iodide (PI) mixed with 
100 µl incubation buffer for 15 min, washed with 500 µl binding 
buffer and resuspended in 300 µl PBS 1X. Apoptosis events 
were analyzed on the FACSCalibur flow cytometer (BDIS; 
Becton-Dickinson, Franklin Lakes, NJ, USA). Annexin V and 
PI emissions were detected in the FL-1 and FL-2 channels, 
respectively. For each sample, data from 20,000 cells were 
acquired in list mode on logarithmic scales. Data were analyzed 
using the Summit V4.3 software and results were represented 
as the total percentage of apoptotic cells as the sum of both 
early and late phases of apoptosis (Annexin V-FITC-positive). 
Assays were performed by triplicate and data was expressed as 
mean ± SD. P<0.05 was considered as statistically significant.

Prediction of gene targets and gene ontology (GO) analysis. 
miRNA target genes were predicted using TargetScan and 
PicTar software. Only gene targets predicted by the two algo-
rithms were included in further analysis. Cellular pathways 

and processes potentially affected by let-7c-3p were predicted 
using DAVID 6.7 software.

Statistical analysis. Experiments were performed three 
times by triplicate and results are represented as mean ± SD. 

Table  I. Clinical and pathological features of ovarian cancer 
patients treated with neoadjuvant chemotherapy (n=34).

Characteristics	 No. of patients (%)

Histological subtypes
  Serous papillary-high grade	 23 (67.6)
  Serous papillary-low grade	 1 (3.0)
  Endometrioid	 6 (17.6)
  Mucinous	 3 (9.0)
  Clear cell	 1 (3.0)
FIGO staging
  I	 4 (11.7)
  III	 15 (44.1)
  IV	 15 (44.1)
Tumor grade
  1	 4 (11.7)
  2	 3 (9.0)
  3	 27 (79.4)
Metastasis status
  No metastasis	 16 (47.0)
  Metastasis	 18 (53.0)
Response to therapy 
  Partial	 12 (35.2)
  Stable	 2 (6.0)
  Complete	 17 (50)
  Clinical progression	 1 (3.0)
  Unknown	 2 (6.0)
Recurrence
  Yes	 24 (70.5)
  No	 6 (17.6)
  Unknown	 4 (11.7)
Initial CA125, U/ml
  <35	 3 (9.0)
  35-65	 3 (9.0)
  >65	 28 (82.3)
After treatment CA125, U/ml
  <35	 13 (38.2)
  35-65	 5 (14.7)
  >65	 14 (41.1)
  Unknown	 2 (6)
Recurrence CA125, U/ml
  <35	 13 (38.2)
  35-65	 6 (17.6)
  >65	 14 (41.1)
  Unknown	 1 (3)

FIGO, International Federation of gynecology and obstetrics. 
CA125, cancer antigen 125.
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One-way analysis of variance (ANOVA) followed by Tukey's 
test were used to compare the differences between means. A 
P<0.05 was considered as statistically significant.

Results

Clinical and pathological characteristics of the EOC patients. 
Ovarian tumor samples were collected between January 2010 
and September 2012 from 34 patients diagnosed with EOC 
who underwent carboplatin/paclitaxel neoadjuvant treat-
ment followed by debulking surgery at Instituto Nacional de 
Cancerologia. Tumor tissues were histologically analyzed 
by a pathologist to confirm at least 80% of tumor cells and 
then processed for total RNA isolation for downstream 
analysis. An overview of the major clinical and pathological 
features of tumors and patients included in the present study is 
provided in Table I. The average age of the patients at surgery 
was 52.1 years (range 35-74). Disease stage and tumor grade 
were classified according to the International Federation of 
Gynecology and Obstetrics (FIGO) and the World Health 
Organization (WHO) criteria, respectively. The majority of 
patients were diagnosed with stage III (44.1%) and IV (44.1%) 
disease, whereas 11.7% were at stage I. Tumor grade 1, 2 and 3 
were found in 4, 3, and 17 women, respectively. The most 
common histology was serous papillary high grade (67.6%), 
and the remaining was endometrioid (17.6%), mucinous (9.0%), 
serous papillary low grade (3.0%), and clear cell (3.0%). At 
the time of diagnosis 16 (47%) patients showed no metastasis 
whereas 18 (53.0%) had distal metastasis. The median follow-
up time was 34 months, ranging from 0.6 to 71 months. After 
neoadjuvant chemotherapy 17 patients (50%) were classified as 
complete responders and 2 (6%) as stable, whereas 12 (35.2%) 
had a partial response. Response was monitored by measuring 
the levels of cancer antigen 125 (CA125 or mucin 16) and CT 
scan. CA125 is a well-accepted protein marker found on the 
surface of ovarian cancer cells and diverse types of cancer. 
Serial measurements of CA125 were routinely used to monitor 
tumor response and survival during chemotherapy.

let-7 miRNA expression is deregulated in ovarian tumors. In 
order to study the expression of members of the let-7 family 
in primary EOC tumors and normal ovarian tissues, we used 
stem-loop qRT-PCR as implemented in MicroRNA assay 

protocol (Thermo Fisher Scientific, Inc.). After comparative 
2-ΔΔCt analyses we found that let-7a-3p and let-7d-3p were 
significantly (P<0.05) upregulated in ovarian tumors (n=40) in 
comparison to normal ovarian tissues (n=18) (Fig. 1A and B). 
In contrast, no significant change in the expression of let-7f 
between the groups was found (Fig. 1C).

Upregulation of let-7d-3p is associated with a response to 
neoadjuvant therapy. A high percentage of patients diagnosed 
with locally advanced ovarian cancer have an unfavorable 
response to conventional treatment. This situation is aggra-
vated as no useful molecular predictors for therapy response 
are currently used in clinical practice  (14). We aimed to 
determine whether let-7 miRNA expression is associated with 
response to neoadjuvant therapy. We analyzed by qRT-PCR the 
expression of let-7 in ovarian cancer patients that had achieved 
a positive response and no response to carboplatin/paclitaxel 

Figure  2. Expression analysis of let-7 members in patients with or 
without clinical response to carboplatin/paclitaxel neoadjuvant therapy. 
Quantitative RT-PCR analysis of expression of let-7 members was per-
formed using MicroRNAs Taqman Assays in the group of patients achieving 
response (n=12), and no-response (n=22) to chemotherapy. Normal ovarian 
tissues (n=24) were used as control. The relative expression of miRNAs was 
calculated by the 2-ΔΔCt method using RNU44 as an internal control. Bars 
represent the mean of three independent experiments ± S.D. *P<0.05; ns, not 
significant.

Figure 1. Expression analysis of let-7 members in ovarian tumors. Quantitative RT-PCR assays for (A) let-7a-3p, (B) let-7d-3p, and (C) let-7f expression in 
normal ovarian tissues (n=18) and ovarian tumors (n=40). Relative expression was calculated by the 2-ΔΔCt method. Data were normalized with the endogenous 
small-nucleolar RNU44. Data represent the mean of three independent experiments ± SD. ns, not significant.
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regimen. Notably, data showed that the differential expres-
sion of let-7d-3p in ovarian tumors was able to discriminate 
between the patients that showed response to therapy and 
the non-responder group (P<0.036) (Fig. 2). In contrast, no 
significant differences in the expression of let-7a-3p and let-7f 
between the responder and no-responder groups were found.

Effects of let-7d-3p on cell proliferation and migration. 
Expression analysis of let-7 members allowed us to evidence 
that let-7d-3p was significantly upregulated in ovarian tumors 
in comparison to normal ovarian tissues. To study the biolog-
ical relevance of let-7d-3p we first confirmed its upregulation 
in SKOV-3 ovarian cancer cells relative to ovarian normal 
tissues (Fig. 3A). Then, knockdown of let-7d-3p expression 
was performed using a specific antagomiR. Data showed that 
transfection of increasing concentrations (30, 60 and 90 nM) of 
let-7d-3p inhibitor significantly downregulated the endogenous 
let-7d-3p expression in a dose-dependent manner (Fig. 3B). We 
next investigated whether the forced inhibition of let-7d-3p 
had effects on cell proliferation in vitro. Data from the MTT 
assays showed that the growth rate of SKOV-3 cells transfected 
with let-7d-3p inhibitor (90 nM) was significantly (P<0.05) 
decreased up to 80% in comparison with non-transfected 
control cells after 96  h  (Fig.  3C). Then, we performed 
scratch/wound-healing assays to evaluate the contribution 

of let-7d-3p inhibition in cell migration. Unexpectedly, data 
indicated no changes in the restoration of monolayers of cells 
transfected with antagomiR let-7d-3p (90 nM) in comparison 
to non-treated and scramble transfected control cells at 
24 h (Fig. 3D and E). Similar results in SKOV-3 cell migration 
were obtained using Transwell chamber assays at 24 h (data 
not shown).

Inhibition of let-7d-3p induces apoptosis. Standard treatment 
options for ovarian cancer patients include the use of platinum 
salt-based therapy. However, the effectiveness of this regimen 
is poor and additional therapeutic strategies are needed to 
improve clinical outcome. Therefore, we investigated whether 
the inhibition of let-7d-3p may induce apoptosis resulting in the 
potential sensitization of cancer cells to platinum chemotherapy. 
The number of apoptotic cancer cells in cultures treated with 
the let-7d-3p inhibitor was assessed using Annexin V-FITC 
assays. Our results showed that the percentage of apoptotic 
cells was significantly increased (P<0.05) from 9.8% in the 
non-treated control cells to 29.6% in cells treated with let‑7d-3p 
inhibitor for 48 h (Fig. 4A and B). As expected, carboplatin 
monotherapy used as a control of cell death resulted in a 
marked increase in apoptotic cells (64.5%) in comparison to 
mock and scramble transfected control cells. Notably, a 
significant increase (P<0.05) in cell death up to 93.8% was 

Figure 3. let-7d-3p inhibition impairs cell proliferation but not cell migration. (A) Quantitative RT-PCR assays for let-7d-3p expression in SKOV-3 ovarian 
cancer cells relative to normal ovarian tissues used as control. (B) Quantitative RT-PCR assays for let-7d-3p expression in SKOV-3 cells transfected with 
increasing concentrations (30, 60 and 90 nM) of let-7d-3p antagomiR relative to non-transfected and scramble-transfected cells used as controls. (C) MTT 
cell proliferation assays of SKOV-3 cells non-transfected and transfected with scramble or let-7d-3p antagomiR (90 nM). (D) Scratch/wound healing assays 
of SKOV-3 cells at 24 h post-transfection of scramble or let-7d-3p antagomiR. (E) Quantification of wound closure percentage of data in D. Bars represent the 
mean of three independent experiments ± SD. *P<0.05, ***P<0.001 compared to controls. NS, not significant.
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found in let-7d-3p-deficient cells treated with carboplatin in 
comparison to the controls indicating a synergistic effect in 
apoptosis exerted by antagomiR therapy (Fig. 4A and B).

let-7d-3p inhibition sensitizes ovarian cancer cells to chemo-
therapy. To evaluate the potential chemosensitizing effect 
of let-7d-3p, we next analyzed the cell viability effects of its 
inhibition in combination with carboplatin cytotoxic therapy. 
Data showed that while treatment with the let-7d-3p inhibitor 
(90 nM) alone slightly affected ovarian cancer cell viability, a 
combination of let-7d-3p plus carboplatin (5 mM) resulted in 
a marked increase in cell cytotoxicity (Fig. 4C). These data 
suggested that let-7d-3p sensitizes SKOV-3 cells to carboplatin 
therapy, at least in part, by cell death induction.

Overview of the signaling pathways modulated by let-7d-3p. 
Prediction of let-7d-3p targets based on GO categories iden-
tified several genes involved in key cellular processes and 
signaling pathways related to tumor development, progres-
sion and drug-resistance including ABC transporters, ErbB, 
RAS and HIF-1 pathways  (Fig.  5A  and  B). For example, 
activation of ErbB signaling contributes to chemoradiotherapy 
resistance phenotypes in ovarian, breast and cervical cancer, 
suggesting that let-7d-3p overexpression could be associated 
with a complete response to therapy in ovarian cancer through 
similar modulation of ErbB signaling (16-18). However, addi-
tional experimental data is needed to confirm this hypothesis.

Discussion

Chemotherapy, radiotherapy and surgery are the most 
frequently used treatment modalities for ovarian cancer (9). 
In ovarian cancer, surgery followed by a combination of 

paclitaxel and carboplatin therapy are used as the first-line 
agents yielding response rates of 80% (10). Unfortunately, 
the majority of ovarian cancer patients relapse within the first 
18 months, and recurrent disease is frequently much more 
resistant to conventional therapy than primary tumors (13). 
Therefore, alternative therapeutic approaches are needed to 
improve patient survival and outcome. Tumor suppressor let-7 
miRNAs are frequently downregulated in human cancers, and 
they may be useful for the prediction of the clinical response 
to therapy and outcome (7,9). Hence, restoration of normal 
expression levels of let-7 may be exploited for cancer thera-
peutics. Here, we analyzed the expression of three members 
of the let-7 miRNA family (let-7a-3p, let-7d-3p and let-7f), and 
explored the functions of let-7d-3p in apoptosis and therapeutic 
response. Our data showed that let-7d-3p overexpression was 
able to discriminate between the ovarian cancer patients that 
showed response to therapy from the non-responder group. 
Moreover, data indicate that let-7d-3p efficiently sensitized 
SKOV-3 cells to carboplatin therapy, at least in part, by cell 
death induction. Taken altogether, these data highlighted the 
potential role of let-7d-3p as a novel predictor of response to 
platinum-based chemotherapy.

Genetic and epigenetic alterations leading to aberrant 
regulation of miRNA expression is known to be involved 
in the development of resistance to chemotherapy of human 
cancers (19). Notably, the prediction of let-7d-3p targets identified 
a number of genes involved in signaling pathways related to 
drug resistance including ABC transporters, ErbB, RAS and 
HIF-1 pathways which may be related to the chemosensitizing 
effect of let-7d-3p in SKOV-3 cells (Fig. 5A and B). Tumor 
cells acquire resistance to chemotherapeutic drugs through 
various mechanisms including upregulation of members of the 
ABC transporter family (20). The relatively rapid acquisition 

Figure 4. Inhibition of let-7d-3p induces apoptosis and enhances chemosensitivity to carboplatin. (A) Histograms obtained from FACS in Annexin V assays. 
SKOV-3 cells were treated with scramble (40 nM), let-7d-3p antagomiR (90 nM), carboplatin monotherapy (50 µM), and let-7d-3p antagomiR plus carboplatin 
for 48 h and Annexin V-positive cells were evaluated by FACS. (B) Quantification of data obtained in panel A. (C) MTT cell viability assays in SKOV-3 cells 
treated as in A. Bars represent the mean of three independent experiments ± SD. *P<0.05, **P<0.002 compared to the controls.
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of resistance to chemotherapeutic agents may be mediated by 
ABC transporters, MDR/MRP and P-glycoprotein; mainly 
they can increase efflux of drugs from cancer cells, thereby 
decreasing intracellular drug concentrations. Markedly, 
several studies have shown that miRNAs, such as miR-200c 
and others, can attenuate the effects of these drug-resistance 
components (21,22). In addition, miRNAs play a critical role 
in the drug-resistance of tumor cells and the clinical response 
to cytotoxic chemotherapy in cancer (23-34). The inhibition 
of ABC transporters by miRNAs has been reported in several 
studies. For instance it was reported that both let-7i and let-7g 
reduced ABCC10 expression in esophageal carcinoma (24). In 
addition ABCG2 was downregulated by miR-222 in squamous 

cell carcinoma  (25). In addition, ABCA1 suppression by 
miR106a in lung cancer promoted cisplatin sensitivity (26). 
Similarly, knockdown of miR-127 enhanced the adriamycin 
sensitivity in glioma cells through modulation of MDR1 and 
MRP1 expression (27). MDR1 expression also was reduced 
by miR-27a through the FZD7/β-catenin pathway resulting in 
increased 5-fluorouracil toxicity in hepatocellular carcinoma 
cells (28). On the other hand, increased miR-124 expression in 
renal cell carcinoma was found to promote chemosensitivity to 
doxorubicin by decreased of P-glycoprotein expression levels 
via targeting FZD5/protein kinase C (PKC) signaling (29). 
In addition, miR-145 upregulation enhanced the effect 
chemotherapeutic inhibiting P-glycoprotein through decreased 

Figure 5. Genes and signaling pathways targeted by let-7d-3p. (A) Predicted let-7d-3p target genes and associated signaling pathways. (B) Predicted target 
genes of let-7d-3p involved in the ErbB pathway. Red stars indicate the direct predicted targets of let-7d-3p. Rectangular green boxes indicate the main genes 
in the ErbB signaling pathway. The pointed arrows indicate the downstream cellular processes modulated by the ErbB signaling pathways. The blunted arrows 
denote activation of specific proteins in ErbB signaling. The analysis was performed using KEGG pathway from David Bioinformatics tools.
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activity of Fas signaling  (30). On the other hand, miR-21 
silencing in lung cancer A549/DDP cells reversed MDR by 
modulation of MDR-related gene expression and inhibition of 
AKT signaling (31).

Moreover, PI3K-AKT pathway activation could contribute 
to pertuzumab resistance through miR-150 downregula-
tion in ovarian cancer  (32); miR-21, miR-542-3p, miR-205 
downregulation may decrease the response to trastuzumab 
and chemotherapy also through the PI3K pathway in breast 
cancer  (33-35). In addition, MYC expression has been 
linked to tamoxifen-resistant via transcriptional regulation 
of the HOXB7 repressor miR-196a (36). Similarity, miR-217 
low‑expression levels may increase the resistance of EGFR 
and HER2 inhibitors through an inverse modulation of CAGE 
in melanoma (37).

We also observed that the Ras pathway could be impacted 
by let-7d-3p. The Ras pathway is also involved with acquisi-
tion of resistance to therapy and is extensively modulated by 
miRNAs in diverse types of cancer. For instance, miR-122 
downregulation contributed to sorafenib resistance through 
of Ras/Raf/Erk signaling in hepatocellular carcinoma (38). 
In prostate cancer, miR-143 downregulation decreased the 
sensitivity to docetaxel by targeting the EGFR/RAS/MAPK 
pathway (39). Moreover, miR-3127-5p expression levels were 
associated with dasatinib resistance in lung cancer through the 
c-Abl/Ras/ERK pathway (40). Low levels of let-7b diminish 
the cytotoxicity of paclitaxel and gemcitabine through 
K-Ras mutant in several cancer types (41). Similarly, K-Ras 
was found to increase the 5-fluorouracil resistance through 
miR-224 expression in colorectal cancer  (42). In ovarian 
cancer, miR-634 is involved with cisplatin resistance via 
Ras-MAPK activation (43). Finally, some reports indicate that 
hypoxic conditions can contribute to radiation therapy and 
chemotherapy resistance, and miRNAs can regulate drug-
resistance through direct downregulation of hypoxia inducible 
factor (HIF-1α) (44-47). For instance, restoration of Numb 
expression by inhibition of miR-182 caused HIF-1α inhibition 
in breast cancer cells, resulting in trastuzumab resistance (45). 
In addition, hypoxic aggressiveness of prostate cancer cells 
was linked with increased expression of VEGF, IL-6 and 
miR-21 (46). In addition, in hepatocarcinoma, miR-338-5p 
sensitized cancer cells to sorafenib by targeting HIF-1α (47).

In conclusion, we found that let-7d-3p, an miRNA with 
no previous characterized functions in ovarian cancer, was 
associated with apoptosis and positive response to carbo-
platin/paclitaxel chemotherapy in patients. Therefore, we 
propose that let-7d-3p could be useful as a potential molecular 
biomarker of the clinical response to neoadjuvant therapy in 
ovarian cancer patients.
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