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1. Introduction

Epithelial ovarian carcinoma is the most common gynecologic 

malignancy of women reproductive system. Among the eleven 

most common cancers, ovarian cancer is the fifth leading cause of 

deaths after lung, breast, colorectal and pancreatic cancer [1]. 

Ovarian cancer has accounted for over 22240 new cancer cases and 

approximately 14070 cancer deaths in 2017 [2]. According to the 

SEER (Surveillance, Epidemiology and End Results) program of the 

National Cancer Institute; 2018, ovarian cancer survival rate for 

five-year is about 46.5%. Although this rate varies with the specific 

stage of ovarian cancer. The risk of getting ovarian cancer in women 

during her lifespan is about 1 in 55 [3] and her lifetime cause of 

fatality from ovarian cancer is about 1 in109 [4]. Most of studies on 

ovarian carcinoma has fascinated on protein coding genes. Despite 

that, RNA molecules transcribed from non coding genes also have 

biological functions. These non coding micro RNAs cut a specific 

target mRNA and suppresses synthesis of proteins [5]. Lot of recent 

studies has shown involvement of micro RNAs in termination or 

promotion of ovarian cancer. Micro RNA can control expression of 

gene by various means, comprising perfect mannerly binding of the 

micro RNA to the target mRNA resulting in mRNA endo nucleolytic 

cleavage or imperfect binding of the mi RNA to the target mRNA, 

resulting in suppression of protein synthesis. Therefore, mi RNA 

regulates gene expression at both transcription and translation 

levels. A specific type of cancer may be conjoined with the 

dysregulation of various different types of mi RNAs and on the 

other way, dysregulation of one specific miRNA can be associated 

with various different types of cancer [6].The focus of this review is 

to explore the diagnostic potential of micro RNA in ovarian cancer.

Ovarian cancer

Generally, all types of ovarian tumors originate from one of three 

cell types i.e. epithelial cells, stromal cell sand germ cells. According 

to WHO, ovarian tumors are subdivided into five main categories 

including epithelial tumors, sex cord-stromal tumors, germ cell 

tumors, metastatic tumors, and other undifferentiated type 

[7].Depending upon their histology, ovarian tumors are further 

grouped in to serous, mucinous, endo metrioid, clear cell, 

transitional cell tumors, mixed epithelial tumors, and non-

differentiated (Fig.1). Depending upon their growth, ovarian tumor 

is further classified into two grades: type 1 tumor that is low grade 

and gradually developing and type 22 tumors, which are of high 

grade and fastly developing [8].
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Among the eleven most common cancers, ovarian cancer is the fifth leading cause of deaths 

after lung, breast, colorectal and pancreatic cancer. It is considered as a “silent killer” because 

of diagnosis at later stage. Ovarian cancer remains a disease for which improved non-invasive, 

serum or plasma screening tests are still lacking. Emphasis on research is to develop an 

effective test that can detect the disease in its earliest stages, which would ultimately result in 

decreased mortality. Many studies of ovarian cancer have focused on DNA repair genes, p53 

genes and protein coding genes. However, RNA molecules transcribed from non coding genes 

also have biological functions. Non coding RNAs include micro RNAs that cleave a target mRNA 

and repress translation of proteins. Many recent studies have suggested that micro RNA 

deregulation is associated with the initiation and progression of human cancer. Micro RNAs 

affect various biological processes such as cell proliferation, differentiation, survival and 

mortality. Therefore, they are often called as tiny master regulators of the human genome. 

Exploration of potential of mi RNAs in diagnosis and treatment of ovarian cancer can open a 

new therapeutic window in clinical research. 
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Numbers of studies have estimated various risk factors for  ovarian 

cancer. These risk actors include age, non-steroidal anti-

inflammatory drug (NSAID), smoking, talc, chronic inflammation, 

hormone replacement therapy etc. Over all, age is considered a 

major risk factor. Incidence is highest in women between the ages of 

60 and 64 [4]. According to a survey of National Cancer Institute 

(NCI), a woman without a family history of ovarian cancer has 1 in 

55lifetime chance with increase up to 10 times with hereditary 

conditions [3].Use of hormone replacement therapy may increase 

risk of developing ovarian cancer up to 40 percent. Besides these risk 

factors ovarian cancer may be due to genetic alterations such as 

mutation, amplification, deletion etc. A number of genes have been 

associated with ovarian cancer such as BRCA1, BRCA2, RAD51C, 

RAD51D, STK11and BRIP1, Tp53 and RBetc. Viral homolog onco 

gene v-Ki-ras2 Kirsten rat sarcoma (KRAS) and v-myc 

myelocytomatosis(c-Myc) have shown a significant role in ovarian 

cancer progression [9]. Loss of function can be associated to various 

mechanisms, including genomic mutation, deletion, epigenetic 

silencing, and in mi RNA processing modifications [6].Over150% of 

relevant human miRNA genes is allocated on fragile chromosomal 

regions. These regions are known to be susceptible to amplification, 

translocation or deletion in the process of cancer progression [10]. 

This information led to clue of involvement of mi RNAs in initiation 

and progression of human cancer and post transcriptional 

regulation of gene expression.

Micro RNA profiling

Micro RNA sare small non-coding RNAs of020–220nucleotides 

reported to reside in the in the miRNA ribonucleoprotein complex 

(miRNP), in humans with proteins elF2C2, the helicase, Gemin3iand 

Gemin4 [11]. These are highly conserved bodies that expressed in 

most organisms from plant to vertebrates including viruses. Most of 

the other miRNA genes are found in intronic regions that transcribed 

as part of the annotated genes. In animals, miRNAs are transcribed as 

long primary transcripts (pri-miRNAs), which are cut into the 

hairpin-shaped pre-miRNAs by nuclear RNase III Drosha 

[12,13].Micro RNAs are transcribed in the nucleus by RNA 

polymerase II and are 5′ capped and 3′ poly adenylated 

[12,14].MiRNA profiling has significant potential in cancer diagnosis 

and prognosis.Micro RNAs interact with the 3untranslated regions 

of target mRNAs, leading to target mRNA degradation and inhibition 

of translation [15]. Nearly 1000 miRNAs in the human genome [16] 

have been identified to approximately 30% of all protein coding 

genes [17]. They affect various biological processes such as cell 

proliferation, differentiation, survival and mortality. Therefore, 

microRNA often called as tiny master regulators of the human 

genome. MiRNAs have been found to be differentially expressed in 

tumor versus normal tissues in a range of solid as well as 

hematopoietic tumors. Different oncogenic miRNAs and tumor 

suppressor miRNAs were identified by the researchers although 

method of sample preparation and microRNA detection varied 

between studies (Fig.2).A number of circulating microRNA have 

been associated with cancer. MicroRNA profiles are reported to 

stratify the cancer differentiation state with high accuracy [18]. 

In another study, miRNA profiling of 69 malignant ovarian tumors 

and15 normal ovarian samples have identified thirty-nine 

differentially expressed miRNAs in tumor and normal tissues 

[19].Characteristic miRNA signatures have been revealed in a 

variety of human cancers [6], [20]. A single miRNA can have many 

targets that are involved in distinct oncogenic pathways, such 

as1miR-181ahaseevidentlyttargetedagenessB-cell lymphomas 

2(Bcl-2, apoptosis), T-cell lymphoma 1A (TCL-1, AKT pathway) and 

CD69 molecule (adhesion).MiR-16-1 has been reported to 

negatively regulate cell growth and cell cycle progression and 

induces apoptosis in variety of human cancer cell lines [21] whereas 

miRNA 22 acted as an oncogene by promoting proliferation, 

inhibiting apoptosis or inducing tumors angiogenesis [22]. There is 

strong evidence that miR-21jfunctionhas oncogene and found up-

regulated in a wide variety of hematological malignancies and solid 

tumors. Oncomir miRNAs are up regulated in cancer cells, whereas 

tumor suppressor miRNAs are down regulated in cancer cells.

Micro RNA expression in ovarian cancer

Researchers have found many miRNAs with altered expression in 

ovarian cancer that can be used as a diagnostic biomarker for 

ovarian cancer at an early stage. Differentially expressed miRNAs 

between malignant ovarian cancer and normal tissues has been 

identified by miRNA profiling [19, 23].

Up-regulated MicroRNA

Profiling of microRNA has revealed more than fifty onco 

microRNA (Table1).A study done by Zhang and coworkers on 

epithelial ovarian cancer to analyze the miRNA deregulation in 

human epithelial ovarian cancer reported 35 miRNA expression 

profiles in 181ovarian cancer cell lines and 4 immortalized, non-

neoplastic cell lines obtained from normal ovarian surface 

epithelium. Out of these 35, only 4 were up-regulated, the rest down 

regulated in cancer cells as compared to immortalized non-

neoplastic cell lines. Four up-regulated miRNAs miR-26b, miR-182, 

miR-103 and miR-26a were associated with specific ovarian 

carcinoma subtypes [10, 20].Over expression of miR-92a 

significantly inhibited integrin a5 expression and the tyrosine 

phosphorylation of FAK which is known to play a major role in 

ovarian cancer invasion and reduced the activity of ITGA5 which 

inhibits peritoneal dissemination of ovarian cancer cells [24]. Over 

expression of miR-182 promoted tumor cell invasion and metastasis 

in ovarian carcinoma by regulating the expression of oncogenes 

including MTSS1 and RECK genes [25]. MiR-181b was up regulated 

in ovarian cancer tissues and exerted its oncogenic effects by 

suppressing the expression level of large tumor suppressor gene 

LATS2 [26].Findings of Zuberi and coworkers suggested that miR-

200a, miR200b, and miR-200c over expressions were associated 

with the tumor promotion and also identified as reliable markers for 

prognosis in EOC patients [27]. According to other studies on MiR-

200 members, it was found that it inhibited the expression of ZEB at 

the post-transcriptional level by binding to highly conserved target 

sites in their 30 UTRs [28] and also elevated levels of circulating 

microRNA-200 family in serous epithelial ovarian cancer correlated 

with mir-103mir-92a and mir-638 [29].It was reported that micro 

RNA 26a act on the 3'UTR of CDC6 exerting an antitumor effect by 

inhibiting the proliferation of ovarian cancer cells [30]. Up 
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regulation of miR-141in the ovarian cancer tissues suppresses 

SIK1 expression which inhibits proliferation in ovarian cancer 

cells compared with the adjacent normal tissues [31]. MiR-26b and 

miR-126 suppresses tumor proliferation and metastasis through 

repression of OCT4 and IRS2 expression respectively [32, 33].Yun-

Zhao and coworkers has reported increased serum miR-21 

expression and its correlation with high tumor grade, advanced 

FIGO stage and shortened overall survival and furthermore, 

miRNA-21 also regulated cisplatin resistance by negatively 

targeting PTEN protein in EOC [34, 35]. It was found that miR-205 

promoted cell proliferation and invasion primarily by suppressing 

the expression of PTEN and SMAD4 [36].

Down regulated MicroRNA

There were various reports of tumor suppressor microRNA 

(Table2). Zhang and his coworkers analyzed 106 benign ovarian 

cancer cases of various grades and stages with miRNA array 

analysis. They found that down regulation in miR-15a, miR-34a 

and miR-34bwere associated with the alteration of tumor 

suppressor miRNA [10]. It has been observed that 24.8% and 

51.5% of ovarian tumors exhibited gains in copy number of the 

Dicer1 and Argonate 2 (Ago2) loci. Dicer and Ago 2proteins are 

required for efficient miRNA function and processing [10].Level of 

let-7 was reported to be dependent on the ovarian cancer tissue 

type, stage, and histological type, prognosis and drug resistance. 

Let-7e was found to be used as a therapeutic target in epithelial 

ovarian cancer and also promoted the development of resistance 

to cisplatin [37]. Down regulation of miR-31 as a tumor suppressor 

miRNA has been shown in serous adenocarcinoma [38] and its 

target STMN1 up regulated in response to taxane treatment [39]. 

Similarly, down regulation of miR 22 had a negative regulatory 

effect of TIAM1 level and mRNA level by inhibiting ovarian cancer 

metastasis [40]. MiR-181c was down regulated in ovarian cancer 

tissues and inhibited the proliferation, invasion and metastasis of 

ovarian cancer cells through regulating the expression of PRKCD 

[40].Decreased miR-212 and miR-132 a can directly bind to the 

i3′UTR of SOX4 and suppress SOX4 expression which is a 

downstream effector of miR-132 and miR-212amodulatingiEMT 

of ovarian cancer cells [42, 43]. Among the miR-29 family, miR-29a 

was found to be down-regulated in EOC and inhibited 

proliferation, migration and invasion of EOC cells by target gene 

SIRT1 [44]. These findings indicated that miR-29a and its target 

gene SIRT1 has a potential role in target therapy and a promising 

novel target for the therapeutic treatment of EOC. Altered 

expression of miR-335 in epithelial ovarian cancer has been 

indicated as a promising predictor of ovarian cancer recurrence 

[45] and it also act as a metastasis suppressor in ovarian cancer by 

targeting BCL2L2 and MMP2 [46].

MiR-193b expression was significantly down regulated in 

ovarian cancer cells [47] and resulted in increased cellular 

resistance capability of ovarian cancer cells to chemotherapy 

drugs by suppressing CRIM1expression [48].Several studies have 

observed that miR-145 as a diagnostics biomarker in cancer 

detection. Relative expression of the serum miR-145 was 

significantly down regulated in patients with malignant ovarian 

cancer and benign ovarian cancer as compared to healthy control 

[49]. Another study suggested that the down-regulation of miR-

145 altered ovarian cancer growth and invasion by suppressing 

P70S6K1 and MUC1 [50]. MiR-127-3p functions as a tumor 

suppressor in epithelial ovarian cancer directly through regulation 

of BAG5 [51]. Among the Mir-34 family, miR-34a expression has 

been found to decrease 100% than miR-34b/c i.e.70% in epithelial 

ovarian cancer and inversely associated with MET expression [52]. 

Low miR-15a expression was associated with ovarian cancer 

metastasis through altering target gene BMI1 [53]. Ovarian tumor 

growth and progression was inhibited by deregulation of miR-23b 

through down-regulation of cyclin G1 (CCNG1) and other relevant 

genes [54].

Application of miRNA in ovarian carcinoma chemotherapy

Ovarian cancer is difficult to diagnose at an early stage and 

recurrent ovarian cancer is usually drug resistant. Although CA-

125 is useful for monitoring disease, and assessing therapy 

response but in several benign conditions of endometriosis, 

ovarian cysts, pelvic inflammations or even in pregnancy, CA125 

levels also increased [55]. It performs poorly in detecting early 

stages of ovarian cancer development [56]. Micro RNAs are non-

coding RNAs that regulate post transcriptional expression of 

genes. They play major role in carcinogenesis, cell cycle, 

proliferation, apoptosis, invasion, metastasis and in chemo 

resistance(Fig. 3). Therefore, microRNAs are actively affecting 

nodal points in cell cycle regression, genome integrity, apoptosis, 

stress responses and metastasis [57]. Sorrentino and coworkers 

executed high throughout analysis of the miRNA in different 

groups of chemo resistant epithelial ovarian cancer cells with 

platinum and paclitaxel resistant and found that miR-30c, miR-

130, miR-335 was consistently down regulated in both chemo 

resistant epithelial ovarian cancer compared with wild type 

epithelial ovarian cancer [58]. Ageilan and coworkers found that 

miR-15 and miR-16 targeting the BCL2 gene which results in 

cellular resistance to drugs [59]. Ectopic expression of miR-15a 

and miR-16 inhibits chemo resistance in ovarian cancer by 

affecting expression of drug efflux cisplatin transporter AP7B and 

EMT. Thus it could be used as anti-tumor ovarian therapy. 

Antitumor effect of miR-29a transfected chimera was apparently 

based on expression of downstream molecules and apoptosis of 

ovarian cancer cells [60].Presence of miR-200c has increased 

sensitivity to platinum based anticancer drugs. Recovery of miR- 

200cwhen combined with paclitaxel decreased the cancer cells 

and recovery of miR-200c immediately before chemotherapy 

improved the treatment response [61].Over expression of miR-21 

in clear cell carcinoma has been shown to cause down regulation of 

PTEN [62].

Hong and coworkers showed that signaling of activin/nodal 

receptors like kinases7 (ALK7) convoluted in drugs sensitivity was 

suppressed by miR-376c and they also found decreased effects of 

cisplatin and carboplatin [63] whereas miR-93 targeted integrin 

and enhanced tumor growth, angiogenesis and the resistance for 
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cisplatin [64]. Important role of miRNAs in ovarian cancer is being 

identified as prognostic or diagnostic biomarkers as evidenced by 

literature. Early data based upon transcriptional profiling illustrated 

that microRNA expression profiling maybe efficiently and more 

reliably classify different types of tumors than mRNA profiling. 

MicroRNA profiling and expression analysis has a promising future 

in optimizing the personalize treatment of ovarian cancer with 

positive outcome.

Legend to Figure 2. MicroRNA profiling workflow system.

CONCLUSION

Ovarian cancer has emerged as one of the commonest malignancy 

affecting women in developing countries. A steady increase has been 

observed in the incidence of ovarian cancer in several registries. 

Epithelial ovarian cancer is disease of fifth decade and above age 

group of fifty years. Its diagnosis is done in advanced stage with poor 

survival. Efforts should be made to detect the disease at early stage 

through population education with respect to epidemiological 

factors. To improve treatment outcomes of ovarian cancer, early 

diagnosis is needed. Micro RNA array profiling may contribute to the 

early diagnosis of tumor type and stage for better prognosis. 

Induction of apoptosis of cancer cells using mi RNAs may be a basic 

Figure 3. Role of microRNA in chemotherapy incomplete figure 

please find attatch figure-3

Table 1. Up-regulated miRNA in ovarian cancer.

Table 2. Down-regulated miRNA in ovarian cancer.

Fig. 2

Fig. 3

Figure 1. Classification of ovarian tumor according to the origin 

of the cells.
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