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Abstract
 

Ovarian cancer is one of the common cancers of the 
female reproductive system. Paclitaxel is the first-
line treatment of ovarian cancer and the second-
line treatment of advanced ovarian cancer. Unfor-
tunately, many patients cannot be treated because 
of drug resistance. miRNAs comprise a group of 
small non-coding RNAs 18-25 nucleotides in length 
that specifically interact with their own mRNAs. 
Many miRNAs that have so far been identified play 
a role in cancer. miRNAs regulate formation of can-
cer stem cells (CSCc) and drug resistance-associ-
ated epithelial-mesenchymal transition (EMT) phe-
notype. The let-7 miRNA is a founding member of 
the miRNA family and is conserved in invertebrates 
and vertebrates. In this review paper we have tried 
to describe a possible approach for increased sen-
sitivity to paclitaxel in ovarian cancer by restora-
tion of Let-7. In addition to suppressing tumorigenic 
activities and negatively regulating a number of 
oncogenes (Kras-Hras-HMGA2-c-myc-BF2), let-7 
affects the main regulators of cell cycle, cell dif-
ferentiation, and apoptosis pathway. Let-7 via RNA 
decomposition of the IMP-1 gene increased sensi-
tivity to paclitaxel drug. Various compounds such 
as Isoflavone specifically can affect expression of 

Let-7. Although let-7 is a potential therapeutic target 
for therapy resistant ovarian cancer, further studies 
should be conducted to investigate clinical use of 
let-7 to treat or suppress ovarian cancer. 
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Introduction

Today cancer as a deadly disease causes many problems 
for all of the people in the world. Ovarian cancer is one of 
the common cancers of the female reproductive system 
and one of the most life-threatening cancers such that it 
is the cause of over 50% of deaths due to gynecological 
cancers. At early stages, ovarian cancer is asymptomatic 
or its symptoms may be so vague that they cannot be 
detected by physician or the patient (1). There are many 
drugs for prevention and treatment of cancers such 
as ovarian cancer. Natural products such as medicinal 
plants have been used as one of the main resources for 
production of anticancer drugs (2-7). Paclitaxel as a natural 
compound is the first-line treatment of ovarian cancer and 
the second-line treatment of advanced ovarian cancer that 
prevents microtubule depolymerization in the process of 
cell proliferation. Hence, paclitaxel inhibits cell cycle. If 
ovarian cancer is diagnosed at early stages, treatment 
consists of surgery and chemotherapy. At advanced 
stages, chemotherapy is started as well, but unfortunately 
treatment may not be successful in many cases because of 
drug resistance (8) such that following surgery, combination 
chemotherapy (paclitaxel+carboplatin) is also used with an 
80% response rate. 

However, in most patients, unfortunately, recurrent 
cancer develops and the disease becomes resistant to 
chemotherapy after 18 months. Currently, the cell line NCI/
ADR-RES, which has become resistant to paclitaxel, and 
the cell line OVCAR8, as control, are used to investigate 
resistance to ovarian cancer drugs in vitro. In this review 
paper we have tried to describe a possible approach for 
increased sensitivity to paclitaxel in ovarian cancer by 
restoration of Let-7.

miRNAs

miRNAs comprise a group of small non-coding RNAs 
approximately 18-25 nucleotides in length that cause 
destruction of mRNA and inhibition of its translation. 
miRNA genes comprise approximately 1% of the genome 
of different species. Each miRNA gene has hundreds of 
target genes. Over 2500 miRNAs have been identified in 
the human genome that regulate 30% of protein-coding 
genes. Most of these small regulatory molecules that 
were first identified in 1983 are located on Chromosomal 
fragile regions that are predisposed to removal, addition, 
chromosomal replacements, and epigenetic changes in 
different diseases such as cancer. miRNAs target several 
genes simultaneously such that the number of target genes 
may exceed 100 (9, 10). Since 2002, disruption of miRNA 
regulation has been found to be associated with cancer 
(11, 12).

miRNA biogenesis

miRNA in the nucleus transcribes the gene and 
produces primary miRNA (pri-miRNA). Then, Drosha 
creates a precursor  called  pre-miRNA under RNaseIII 
(endonuclease), and pre-miRNA is transferred to cytoplasm 
by exportin-5. This molecule is cleaved by an enzyme called 

Dicer and produces a double-stranded sequence 20-22 
nucleotides in length. One of the strands is degraded and 
the miRNA’s, another strand, is loaded into RNA-induced 
silencing complex (RISC). This active complex targets the 
mRNA of interest and binds to the end of 3`-UTR mRNA, 
and exerts inhibitory effect. miRNA induces its effect in 
regulating gene expression through inhibiting the protein 
translation and decomposing the target mRNA (13).  

miRNA and Cancer

Many miRNAs that have so far been identified play a role 
in cancer. Comparing tumor tissues with healthy tissues 
has indicated that miRNAs are located at fragile sites of 
the human genome and are likely to face gene deletion 
or duplication at chromosomal rearrangement. Besides 
that, it is possible that epigenetic mechanisms lead to 
inappropriate expression of miRNA genes and cause 
abnormal expression of miRNAs in tumor tissues leading 
to numerous changes in regulation of the target miRNA 
expression. Many miRNAs play no part in development of 
cancer. In contrast, certain miRNAs play an oncogenic role 
in cancer phenotype, and dysregulation of these miRNAs 
has been reported in a wide spectrum of cancers (14). 
Oncogenic miRNAs include miR-10b, miR-155, miR-21, 
and miR-17-92 (15), and out of repressive miRNAs, miR-
26a, miR-335, and members of the families let-7 and miR-34 
can be mentioned. Different miRNAs affect different stages 
of cancer. For example, miR-10b regulates metastasis 
and is highly expressed in advanced malignancies. 
Inhibition of miR-10b can prevent metastasis of cancer 
cells but has no effect on already developed metastases. 
Expression of miR-335 can prevent metastasis but cannot 
prevent proliferation of tumor cells and has no effect on 
cell apoptosis rate. However, some miRNAs can prevent 
proliferation of tumor cells and metastasis (16). miRNA 
expression has been reported to change (increase or 
decrease) in different human cancers (17, 18) .

miRNA and chemotherapy resistance
 
Recently, some studies have found miRNA and 
chemotherapy resistance to be associated (19, 20). 
In recent years, considerable advancements have 
been made to figure out drug resistance mechanism in 
ovarian cancer consisting of drug efflux, changes in DNA 
repair pathway, apoptosis suppression, and epithelial-
mesenchymal transition and cancer stem cells. However, 
more effective therapeutic purposes are still needed to 
improve overall survival rate and therapeutic strategies for 
ovarian cancer patients. miRNAs play a critical role in cell 
processes such as cellular differentiation, proliferation, and 
apoptosis. The recent discovery of miRNAs in cancer has 
offered new paths for research on basic mechanisms of 
response to chemotherapy. Besides that, several studies 
have demonstrated that certain miRNAs such as let-7 and 
miR-34a can affect response to chemotherapy in different 
types of tumors including ovarian cancer. Use of miRNAs 
to overcome resistance to treatment is being studied. This 
study investigated the role of let-7 in overcoming resistance 
to treatment through several molecular mechanisms and 
with emphasis on potential therapeutic uses.
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Figure 1:  Biogenesis of miRNA: miRNA biogenesis is a multistep process. First, miRNA genes are transcribed by 
RNA polymerase II in the nucleus. The resulting primary transcript is cleaved by Drosha and DGCR8 to produce 
pre-miRNA. After exportin-5- and RanGTP-mediated transport to the cytoplasm, the pre-miRNA undergoes its final 
processing step, which consists of Dicer-dependent cleavage just below the stem loop to produce a duplex molecule. 
The duplex is then separated and usually one strand is selected as the mature miRNA and directed to target-specific 
mRNAs

miRNA Let-7

Let-7 is from a 13-member family localized on nine different 
chromosomes. An association between let-7 and drug 
resistance has been demonstrated. Recent studies have 
demonstrated that let-7 specifically affects 3-Urt-BCL-XL in 
hepatocellular cell line and let-7 high expression makes the 
cells susceptible to sorafenib (21). Since let-7 expression 
has been reported to decrease in many cancers, the 
changes in the expression of this miRNA are likely to be 
associated with chemotherapy resistance, but the data are 
scant in this field. Igf2 mRNA binding protein1 (IMP-1) is 
a drug resistance-associated protein and it has recently 
been demonstrated that IMP-1 level is associated with 
let-7 level. In fact, let-7 negatively regulates IMP-1 which 
in turn exerts protective effect on multi-drug resistance 
(MDR-1). Measuring let-7 in different cell lines indicated 
that the members of this family were co-regulated and co-
expressed. Let-7 expression has been demonstrated to 
decrease before and after treatment with chemotherapy 
drugs, which is associated with increased production of 
IMP-1 and MDR-1.  

Molecular mechanisms of chemotherapy 
resistance in cancer

Chemotherapy resistance develops molecularly via two 
pathways consisting of de novo or internal pathway through 
CSCs, and external or acquired pathways including 
genetic and epigenetic changes. However, the precise 
mechanisms of chemotherapy resistance generally have 
not yet been identified. In de novo pathway, limited drug 
absorption, increased efflux, and activated detoxification 
and in the second pathway, epigenetic changes such 
as DNA methylation-histone modification and mRNA 
regulation play part in drug resistance. For example, in 
colorectal cancer, the transcription factors AP2E and 
DKK4 undergo methylation changes that cause them to 
become resistant to fluorouracil. In ovarian cancer, the 
gene MLH1-TAP73 is hypermethylated and predisposed to 
acquiring resistance to d-azacitidine-hydralazine. miRNA 
deregulation has been demonstrated to be associated with 
cancer drug resistance. For example, in breast cancer, 
increased expression of miR-21 leads to trastuzumab 
resistance. In case of resistance to cisplatin in ovarian 
cancer, the expression rates of miR 376 and miR-214 
increase and therefore it is necessary to study miRNAs so 
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Chemotherapy resistance develops molecularly via two 
pathways consisting of de novo or internal pathway through 
CSCs, and external or acquired pathways including 
genetic and epigenetic changes. However, the precise 
mechanisms of chemotherapy resistance generally have 
not yet been identified. In de novo pathway, limited drug 
absorption, increased efflux, and activated detoxification 
and in the second pathway, epigenetic changes such 
as DNA methylation-histone modification and mRNA 
regulation play part in drug resistance. For example, in 
colorectal cancer, the transcription factors AP2E and 
DKK4 undergo methylation changes that cause them to 
become resistant to fluorouracil. In ovarian cancer, the 
gene MLH1-TAP73 is hypermethylated and predisposed to 
acquiring resistance to d-azacitidine-hydralazine. miRNA 
deregulation has been demonstrated to be associated with 
cancer drug resistance. For example, in breast cancer, 
increased expression of miR-21 leads to trastuzumab 
resistance. In case of resistance to cisplatin in ovarian 
cancer, the expression rates of miR 376 and miR-214 
increase and therefore it is necessary to study miRNAs so 
that molecular mechanisms of cancer drug resistance may 
be known (22). Recent studies have demonstrated that 
acquired resistance (genetic and epigenetic changes) is 
the main reason for drug resistance in ovarian cancer but 
further studies are needed to identify signaling pathways 
that are regulated by miRNA, such as NOTCH-FOXM1, 
so that valuable information about drug resistance can be 
obtained (22).

Potential mechanisms of let-7 action on ovarian 
cancer

Let-7 regulates CSCs and EMT formation which is 
associated with drug resistance (23, 24). Let-7 exerts 
regulatory effects on p53 (25). Let-7 negatively regulates 
MDR and indeed exerts effect on MDR1 indirectly through 
IMP1. Let-7 causes decomposition of mRNA related to 
IMP-1 which is both a target of let-7 and inhibits endolithic 
activity of MDR1 (26). In experimental studies, silencing the 
gene EZH2 has been demonstrated to cause decrease in 
cell proliferation, M-G2 arrest, and cell drug susceptibility. 
Increased expression of let-7 causes the expression of the 
gene EZH2 to decrease but it has not yet been discovered 
how this occurs. Let-7a, let-7b, and let-7c exert inhibitory 
effects on EZH2. Let-7 can also exert inhibitory or down-
regulatory effect on CCND1. CCND1 is a member of the 
family of cyclins that affects cell cycle and its expression in 
tumors increases in cisplatin resistance (26). Studies have 
demonstrated that the expression of the common miRNAs 
that exist in most paclitaxel-resistant cell lines is associated 
with ovarian cancer. These miRNAs include miR: pre218- 
let-7e-130a-130b-pre204-0c-335-106-pre106, and let-7 
(27). MS-PCR results have indicated that in chemotherapy 
drug-resistant cell lines, let-7-related CPG hypermethylation 
occurs in DNA in most cancers including ovarian cancer, 
and since one of the mechanisms of disrupted expression 
(deregulation) and decreased expression of let-7 is 
hypermethylation, then hypermethylation is likely to occur 
in ovarian cancer as well.

                     

Figure 2: illustrates the mechanisms and factors that affect let-7. IMP-1 plays a role in drug resistance and inhibits its 
let-7. DNA methylation exerts inhibitory effect on let-7 (28).
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Flavonoid’s effect on let-7 expression

Recently, nature-based compounds such as isoflavone 
and DIM have been demonstrated to affect the expression 
of miRNAs including let-7 and can induce its expression; 
therefore, flavonoid’s effect on paclitaxel transporters can 
be investigated in a resistant cell line, termed NCI/ADR-
RES. Flavonoids affects miR-21 expression and increases 
its production, and causes increase in production of the 
molecules PTEN-PDCD4-RECK that progress the cell 
mainly toward apoptosis. Although no study has yet 
reported clinical use of these compounds, clinical trials at 
different phases are being conducted (25). Synthetic and/
or nature-based compounds derived from plant flavonoids 
mainly target malignant cells. In neuroblastoma, the 
flavonoid and retinoid compound, called cyclincyc, can 
exert effect on miRNA with oncogenic role and miRNA 
with tumor-suppressing role (23). Since synthetic let-7 has 
limited use and is easily degraded, use of flavonoids to 
increase let-7 expression seems appropriate.   

Conclusion

Introduction of miRNAs and their role represents a 
new level of controlling gene expression. Studies have 
demonstrated that disrupted regulation of miRNAs can 
be an important stage of progression in most cancers. 
Dysregulation of miRNAs can be due to genetic mutations 
or regulation at transcription level which are important 
mechanisms of increased expression of the target genes 
causing tumorigenesis. miRNA-based treatments are 
based on two bases; use of mimics miRNAs that is mainly 
conducted by miRNA replacement therapy and causes 
the expression levels of tumor-suppressing miRNAs 
(undergoing decrease in expression) to reach normal levels. 
The second approach is use of their antagonists which are 
mainly used to inhibit function of oncogenic miRNAs. A 
drug called AS1411 is from a group of compounds called 
G-rich aptamer. This drug acts via blocking production of 
oncogenic miRNAs in the cell whose expression levels 
increase in cancer. AS1411 inhibits a protein called 
nucleolin that plays an important role in miRNA maturation 
(29). In studies miRNA microarray, decreased expression 
of miR30C-miR130a-let7 was demonstrated to cause 
paclitaxel resistance and cisplatin. Moreover, let-7 inhibits 
certain oncogenic proteins such as Kras-Hras-HMGA2-c-
myc-NF2. Studies have demonstrated that the removal rate 
of DNA in ovarian cancer is over 44% for Let-7a-3 and let-
7b (30). In the near future, use of nanoparticle technology, 
particularly in cancer drug resistance, will facilitate use of 
let-7 and other miRNAs in treatment. Let-7 nanoparticle is 
being used In vitro (31). 
Taken together, regarding the potential role of let-7 in 
paclitaxel resistance in ovarian cancer and that let-7 
can suppress the expression of the genes involved in 
this cancer, let-7 has attracted attention as a potential 
therapeutic target in therapy resistant ovarian cancer. 
In addition to suppressing tumorigenic activities and 
negatively regulating a number of oncogenes (Kras-Hras-
HMGA2-c-myc-BF2), let-7 affects the main regulators 

of cell cycle, cell differentiation, and apoptosis pathway. 
Therefore, let-7 can be used to inhibit the expression 
of these genes and therefore therapy resistant cancer. 
Regarding the findings of recent studies, we can use 
increase in expression of let-7 using medicinal plants, or 
mimic production of it as a synthetic and transporting it 
into the cell to enhance treatment and control the growth 
of ovarian cancer, and mimic let-7 most probably can be 
used as an adjuvant drug in the treatment protocol for 
patients with paclitaxel resistance. However, this issue 
requires further investigation. Increase in Let-7 expression 
is expected to serve as an effective treatment for therapy 
resistant cancer. Although acceptable advancements have 
been made to figure out regulation of let-7 synthesis and 
role in signalling pathways, its regulation in cancer and 
normal cells, and mechanism of cell proliferation control 
and cell survival need further investigation. Further studies 
are needed to use let-7 in clinical settings to treat or 
suppress therapy resistant cancer. 
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