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Abstract

MicroRNAs (miRNAs) are a special class of small non-coding RNAs that play a key role in gene regulations. In recent
decades, many studies have suggested that miRNA deregulation is related to cancer development. Nevertheless,
ovarian cancer (OC)-associated miRNA investigations are generally limited to tissue miRNA. In the present survey,
we evaluated the specific profiles of serum-derived miRNAs of OC. The expression profiles of three miRNAs in the
serum of the 31 OC and 28 healthy female subjects were examined by the Real-time-PCR technique. Our findings
revealed that expression levels of the three examined miRNAs were significantly upregulated in OC subjects versus
the control group (p<0.05). Indeed, miRNA146a, miRNA155, miRNA373 were overexpressed only in the OC group
and these miRNAs seemed to be OC specific markers, which could be regulated by methylation and histone
changes. In conclusion, the presented study proposed that the identification of these OC-specific miRNAs in serum
might be considered as innovative non-invasive biomarkers.
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Introduction

Recent medical researchers have detected the new reliable
biomarkers as diagnostic and prognostic markers for various
disorders. In this regards, miRNAs as non-coding, small single strand
RNAs, that controls the wide range of extracellular and intracellular
activities could be considered as main diagnostic biomarkers. miRNA
could be detected in tissues and body fluids such as urine and blood.
Screening the miRNAs in body fluids are not only noninvasive but
also economically feasible for diagnostic and prognostic aims. Overall,
evaluation of the serum miRNAs used for assessment of the pre and
post irradiation therapy outcomes. In addition, miRNAs could be
applied as novel biomarkers in cancer diagnosis and treatments such as
breast cancer hepatocellular carcinoma and colorectal cancer.

Ovarian cancer (OC) is considered as a prevalent cancer related
to a high rate of mortality in women [1,2]. Lack of screening tests
for ovarian cancer leads to late cancer diagnosis in advanced stages,
resulting in a high morbidity rate. In other words, recognizing this
illness is extremely difficult, and is, consequently, associated with
decreased patient survival [1,3,4].

Of late, it has become important to pay attention to evaluating
specific biomarkers that may help in early diagnosis and, thus, decrease
cancer-related mortality [5]. Assessment of miRNA profiles had been
considered as one of the perceptible tool to examine the miRNA
expression in various types of human cancers. MiRNA evaluation
presented an experimental evidence, showing the function of these
small noncoding RNAs in tumorigenesis [6]. MiRNAs are single-
strand non-coding RNAs that contain 19-25 nucleotides. MiRNAs
primarily produce as long miRNAs precursor via RNA II polymerase-
mediated transcription and are then cleaved and transported into
the cytoplasm [7,8]. Major surveys have indicated that miRNA
dysregulation is present in various types of human disorders such as
ovarian cancer [7,9,10]. Among different miRNA types, the modified
expression levels of miRNA-146a have been associated with cancer
progression. In addition, this miRNA has negative regulative function
on inflammatory precursors, which is related to an innate immune
response [11]. MiRNA-155 is another miRNA which is overexpressed
in numerous cancers. It seems that miRNA-155 acts as an oncomiRNA
in neoplasia such as breast cancer by repressing the cytokine signaling

1 gene. MiRNA-373 is a human embryonic stem cell (ESC)-specific
miRNA with potentially novel oncogenic effects. It is able to induce
proliferation and carcinogenesis of human cell anchorage to oncogenic
agents including RAS and wild-type p53 [12-14]. MiRNA-373 was
studied in several tumors, including gastric cancer, esophageal cancer,
colon cancer, prostate cancer, liver cancer, pancreatic cancer, and lung
cancer. MiRNA-373 acts as an oncogene or a tumor suppressor in
accordance with its regulation in neoplasms compared to non-cancer
specimens [14]. Various types of tumors have a dissimilar miRNA
expression range. Indeed, extensive studies have been performed to
evaluate the normal ovarian cell and ovarian neoplasmic tissues in
the miRNA expression status [15,16]. According to an earlier survey
on ovarian cancer, some miRNAs such as miRNA-141, miRNA-
200a, miRNA-200b, and miRNA-200c were overexpressed, some
miRNAs down-regulated (for instance, miRNA-125b-1, miRNA-140,
miRNA-145, and miRNA-199a had the highest multiples of down-
regulation) [15]. According to the author’s knowledge, we could not
find any study that evaluated the circulating miRNA146a, miRNA155,
and miRNA373 profiles in the pathogenesis of OC, and discussed
increasing efforts to apply them as new diagnostic tools for effective
future OC diagnosis.

Materials and Methods

The study protocols were approved by the Ethical Committee of
Yazd University of Medical Sciences, Yazd, Iran. Each participant
signed her written consent and ethical statements. Thirty-one OC
patients referred to the Yazd infertility clinic, Iran, who underwent
abdominal surgery between 2002 and 2014, were enrolled in this case-
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controlled study to evaluate the expression levels of miRNA146a,
miRNA155, miRNA373 compared to the healthy control group. A
total histopathological examination was performed in all cases, which
assured accurate tumor staging. OC patients’ clinical data was obtained
from medical records and follow-up of all subjects done in the Yazd
infertility clinic, Iran. The healthy control group consisted of 28 female
subjects, who had been referred to the Yazd blood transfusion center,
Yazd, Iran, without any neoplasmic diseases, participated in this study.
In following, 5 ml of baseline blood samples were drawn in EDTA
before the administration of chemotherapy or radiotherapy. The blood
specimens were centrifuged (12000 g for 15 minutes at 4°C) within 1 h
of venipuncture and stored at 70°C until use. The number of samples in
the control group was similar to that in the OC group.

MicroRNA analysis

RNA was isolated from serum using the manual Trizol reagent.
In this method, 750 pul of TRIZOL Reagent (Reagent AMBION) was
poured into a fresh tube and 750-pl of serum added to the TRIZOL
reagent. An insufficient amount of TRIZOL Reagent can lead to DNA
contamination of the extracted RNA. The vortex mixer was then used
for 15 s to permit the complete dissociation of nucleoprotein complexes.
The homogenized mixture was incubated at room temperature (RT)
for 10 min. and ul of 200 chloroform was added and shacked. The
samples were centrifuged at 12,000 x g for 20 min. at 4°C. Following
centrifugation, the mixture separated into three phases, of which the
upper aqueous phase was transferred to a fresh tube (RNA present
entirely in the aqueous phase). RNA precipitated by mixing with
isopropyl alcohol (Merck, Germany) (the precipitated RNA, formed
a gel-like pellet). Then the mixture was incubated in RT for 15 min.
and centrifuged (12000 x g, at 4°C, 15 min.). Next, the RNA pellet was
washed with 75% ethanol. Then the specimens were mixed by vortexing
and centrifuged (12000 x g, at 4°C, 8 min). All leftover ethanol was
removed. RNA pellets were air-dried and dissolved in deionized water.

Then, ng 30 of total RNA was reverse-transcribed using the RNA
cDNA synthesis kit as prescribed in the protocol guidelines (EURX,
South Korea,) using a VERITI device (Applied biosystem-2209294500).
The primer sequences of miRNA-146-a, miRNA-155, and miRNA-373
for cDNA synthesis (Table 1).

In the next step, the cDNA samples were mixed with Real-time
SYBRgreen2X Master Mix (Ampliqon, Denmark), then forward

and conventional primers added, and the mixture applied to the
Thermocycler System Real-time PCR device (QIAGENE, Germany).
The optimized Real-time PCR cycling conditions (Table 2).

All samples were run in triplicate. The comparative threshold (Ct)
was utilized to detect the relative expression level of each miRNA.
MiRNA103 levels were used to normalize expression. The Ct analysis
was performed by the 2— Ct method [16,17].

Statistical analysis

All the tests were performed in triplicate. The data represented as
mean * standard error. The statistical differences among groups were
studied by the Student's t-test. p<0.05 indicated a significant difference.

Results

Thirty-one patients with epithelial OC and 28 healthy females
participated in this study. The demographic characteristics of patients
and controls presented in Tables 3 and 4.

After adjusting the subjects’ characteristics, the serum samples were
collected and analyzed. According to our results, the median age of the
patients was 35 to 60 years. The demographic characteristics of patients
in the two groups did not have any significant difference (p>0.05).

In this survey, three unique miRNAs including miRNA146a,
miRNA155, and miRNA373 were profiled. Indeed, we could measure
different miRNAs in all samples (OC and control groups). Utilizing
serum isolated miRNAs, we identified the circulating miRNA
expression profiles of pre-surgical samples from 31 women with
confirmed serious epithelial ovarian cancer, compared to healthy
women. The miRNA expression profiling by total RNA extraction from
serum samples of controls and patients with advanced-stage OC (Stage
III) was successfully identified. In order to detect a diagnostic model
for the recognition of OC, we utilized different criteria. We detected
miRNA levels that showed statistically significant differences in OC
patients compared to healthy subjects.

All other three examined miRNAs satisfied our criteria of being
expressed in majority samples of each group and demonstrating an
increased fold change. miRNA146a overexpressed in plasma in cancer
patients compared to controls (p<0.05). Serum samples from healthy
women had significantly lower levels of miRNA146a (Figure 1).

Furthermore, miRNA155 expression between pre-surgical samples

hsa-miR-146a-5p Stem loop 5'GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACAACCCA3'
Forward 5'CACGCATGAGAACTGAATTCCA3'

hsa-miR-373-5p Stem loop 5'GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGGAAAGS'
Forward 5' CACGCAACTCAAAATGGGGGCG3'

hsa-miR-155-5p Stem loop 5'GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACACCCCTY'
Forward 5" CACGCATTAATGCTAATCGTGAT3'

Conventional 5-CCA GTG CAG GGT CCG AGG'TA-3

hsa-miR-103a-3p Stem loop 5'GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCATAGS!

Forward 5' CACGCAAGCAGCATTGTACAGGG3'

Table 1: Primers sequences of miRNA-146-a, miRNA-155 and miRNA-373 for real cDNA synthesis.

Variables Temperature Time Repeated Cycles of Temperatures
Hold 1 95°C 15 min 1
95°C 30 sec
Cycling 1 62°C 30 sec 40
72°C 30 sec

Table 2: Optimized real-time PCR cycling conditions.
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N Infant(S)
First Degree (Months)
Relatives
No No No No 16 Yes 24 4 No No 12 45 1
No No No No 15 Yes 18 5 No No 1" 55 2
No No No No 15 Yes 18 6 No No 10 50 3
No No No No 17 Yes 18 3 No No 13 35 4
No No No 5 16 Yes 18 4 No No 14 48 5
No No No No 16 Yes 24 6 No No 13 54 6
No No No No 18 Yes 18 2 No No 12 39 7
No No No No 17 Yes 24 3 No No 13 40 8
No No No 1 14 Yes 24 5 No 55 1" 59 9
No No No No 17 Yes 24 3 No No 13 46 10
No No No No 16 Yes 18 6 No No 12 50 11
No No No No 15 Yes 24 6 No 50 14 60 12
No No No No 16 Yes 24 4 No No 12 52 13
No No No No 16 Yes 18 7 No 50 14 54 14
No No No No 16 Yes 18 5 No 53 13 58 15
No No No No 17 Yes 18 4 No No 11 37 16
No No No No 17 Yes 24 5 No 56 13 56 17
No No Sister No 16 Yes 24 6 No No 13 54 18
No No No No 15 Yes 24 8 No 56 13 61 19
No No No No 14 Yes 30 4 No No 12 50 20
No No No No 16 Yes 24 5 No No 14 47 21
No No No No 17 Yes 24 6 No No 14 53 22
No No No 1 17 Yes 18 5 No No 13 49 23
No No No No 16 Yes 18 8 No No 13 55 24
No No Sister No 16 Yes 18 4 No 55 15 62 25
No No No No 16 Yes 18 5 No 55 13 64 26
No No No No 15 Yes 24 4 No 54 12 57 27
No No No No 17 Yes 24 3 No No 13 43 28
No No No No 17 Yes 18 2 No No 13 42 29
No No Sister No 17 Yes 24 2 No No 12 35 30
Table 3: The demographic characteristics of ovarian cancer patients.
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Figure 1: Levels of miRNA-146a in ovarian cancer (OC) and control groups, Figure 2: Level of miRNA-155 in ovarian cancer (OC) and control groups.
Expression levels detected in serum samples from OC patients (n=31) or controls Expression levels detected in serum samples from OC patients (n=31) or controls
(n=28). Data expressed as mean fold change + SEM. (n=28).data expressed as mean fold change + SEM.
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No No No No 16 Yes 24 6 No No 14 50 |17
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No No No No 15 Yes 18 4 No No 13 55 |21
No No No No 16 Yes 24 6 No 55 13 56 | 22
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No No No No 17 Yes 18 3 No No 15 49 |24
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Table 4: The demographic characteristics of healthy control women.
@ 0.204 In further analysis, we compared the pre-surgical serum
e miRNA373I profiles of OC-affected women and healthy women.
= 0.15- Significant differences in miRNA373 expression levels were found
%5 in women having OC compared to controls (p<0.05; Figure 3). In
5 the comparison of healthy women with cancerous serum samples,
E 0.10- —_— there were three miRNAs, (miRNA146a, miRNA155, miRNA373)
E which were differentially expressed. Indeed, all studied miRNAs were
K= elevated only in cancer samples (p<0.05); so it seems that they could be
m 0.05- considered as valuable markers in the differentiation between control
OEJ_ and cancer samples.
& 0.004 Discussion
'60\" Recent evidence suggests that miRNAs have important roles in
Go"‘ several important cellular events such as development, differentiation,
cell cycle, and apoptosis [18]. It had been reported that miRNA
o expression patterns might be valuable markers in the diagnosis of
various cancer types and patients’ outcome. The evaluation of miRNAs
Groups in normal tissues compared to cancerous organs by various procedures

Figure 3: Level of miRNA373l in ovarian cancer (OC) and control groups.
Expression levels detected in serum samples from OC patients (n=31) or controls
(n=28).data expressed as mean fold change + SEM.

and normal controls showed a differential expression pattern. Indeed,
we found significantly elevated levels of miRNA155 in OC patients
compared to control subjects (p<0.05, Figure 2).

has shown enormous deregulated miRNA genes [18,19].

In order to probe the several unanswered questions about the
usefulness of circulating miRNAs as biomarkers in OC and the usage
of circulating miRNAs as cancer biomarkers with highly accurate
and precise evaluation, (20), we examined serum samples of women
diagnosed with OC and compared with healthy controls. The expression
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levels of all three studied miRNAs in OC patients had statistically
significant differences than controls. According to these data, it seems
that all three examined miRNAs were validated, as these results were
able to predict the OC-specific diagnosis and patients’ outcome.

Changes in the miRNA-146a expression have been shown in the
development of various cancer types. Indeed, it seems that miRNA-
146a expression is associated with the transcription factor NF-kappaB,
which is involved in inflammation and cancer [11].

There are little data on the miRNA-146a expression level in ovarian
tumors [20,21]. Earlier data revealed that miRNA-146a expression in
primary tumor cells was significantly elevated compared to normal
ovarian tissues [21]. In addition, Wyman et al. reported the lower
expression levels of miRNA-146a in ovarian tumor compared to
normal ovarian cells [22]. These inconsistencies in our results may
be due to various histological types of cancer that were considered.
Besides, the studied specimens were cultured human ovarian surface
epithelial cells [21].

In an earlier study, the circulating miRNA-146a level was
significantly elevated in plasma specimens of breast cancer subjects
compared to those of controls [23]. In addition, a statistically significant
upregulation of miRNA-146a was found in the serum of patients with
uveal melanoma [24], which were in accordance with our results. Last
reports suggested the higher expression of miRNA-146a in human
nasopharyngeal carcinoma than in chronic nasopharyngitis [25] and a
potential role of variant alleles of miR-146a alleles, which are related to
the higher risk of squamous cell carcinoma of the head and neck [26].
According to a recent study, miRNA-146a overexpression reduced the
NF-xB levels and the NF-kB - dependent extrinsic apoptotic pathway
(TNF, FADD and TRADD) [27].

According to a previous report, miRNA-155 upregulates Mxd1/
Madl of basic a helix-loop-helix leucine zipper transcription factor
network and is associated with cellular proliferation, and apoptosis
exerted by BCL6 regulation. So, miRNA-155 results in cell death
resistance [28]. Resnick et al. evaluated 21 serum miRNAs among
epithelial ovarian cancer patients and healthy controls. They reported
that miRNA-155 were significantly under expressed [29]. This
difference with our findings may be related to various diagnosed cancer
stages between the two studied populations.

Another study indicated that in OC-associated fibroblasts,
miRNA-155 upregulated compared to normal fibroblasts [30]. An
earlier study had revealed that the miRNA-155 downregulated in
ovarian cancer-initiating cell (OCC), which is associated with claudin-
1(CL) overexpression and the decrease of the OCC invasion. Indeed,
miRNA-155 targets CLDN1 mRNA on the 3' UTR. CL expression
levels reduced in miRNA-155-OCC. They indicated that miRNA-155
suppressed the proliferative and invasive OCC capability [31].

Considering metastasis as a main reason of cancer-related mortality
in OC patients, miRNA-373 has been shown to act as an essential
factor in tumorigenesis and metastasis. A recent report indicated
that miRNA-373 expression decreased in human epithelial ovarian
cancer (EOC) and Rab22a might be considered as a direct target of
miRNA-373 [32]. MiRNA373 is known as a probable oncogene, which
is related to tumorigenesis of human cells harboring the oncogenic RAS
and p53 [14]. New evidence shows that downregulation of miRNA-373
decreased the growth of AGS cells and apoptosis induction. Indeed,
overexpression of miRNA-373 in the HGC-27 cells is related to cell
growth [33].

Conclusion

According to the author’s knowledge, we have not found any survey
on the serum expression levels of miRNA-373 and our study is the first
such investigation. It is because of this fact that cancers are essential
issues in modern medicine [34]. One of the main targets of cancer
therapy being the prediction of patient response to treatments [35].
Therefore, more attempts are necessary to develop innovative strategies
that can lead to higher treatment efficacy [36], which is dependent on
the recognition of specific markers in cancer diagnosis. In this survey,
we endorsed that the extraction of RNA and identification of miRNAs
from the serum of OC patients seems to be a viable method. We suggest
the using a Real-time PCR, to evaluate miRNAs as a diagnostic test for
OC patients. Additionally, we offer that miRNAs may be potentially
considered as an analytical method in OC. Based on our results, we
suggested a profile that was subsequently examined on a set of 31
patients and 28 healthy controls. Out of the three miRNAs of interest
that we selected, all miRNAs were proposed to detect OC [37-41].
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