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Introduction/objective: Ovarian cancer is the 6th leading cause of mortality in women, killing more women than
any other reproductive system cancer. We studied the expression of serum micro-ribonucleic acid-21 (miRNA-21) in
ovarian cancer patients and explored associations with diagnosis, clinicopathological parameters, and prognosis.

Methods: Real-time fluorescence-quantitative polymerase chain reaction was used to examine the relative expres-
sion of MIRNA-21 in serum. Cancer antigen 125 (CA-125) levels were measured using an enzyme immunoassay test kit

Results: Serum miR-21 expression was significantly elevated in ovarian cancer patients compared to controls
(p<0.001). The same was true for CA-125 serum levels, which were also significantly in cancer patients (p<0.001). The
sensitivity and specificity of miR-21 detection in the diagnosis of ovarian cancer were 96%, 88% versus 74%, and 80%

Conclusions: miR-21 is highly expressed in the serum of ovarian cancer patients and may be important in the devel-
opment and progression of ovarian cancer, with more sensitivity and specificity than CA-125. Our results suggest that
circulating serum miRNA-21 is a promising tumor marker for use in the diagnosis and prognosis of ovarian cancer.

Introduction

Ovarian cancer is the sixth most prevalent cause of
cancer-related death in women in the USA, accounting
for 3% of all cancers in women [1]. In women, it is the
fourth most frequent cancer. According to the Egyptian
National Population-Based Registry Program 2008-2011,
ovarian cancer accounts for 4.12% of the population,
with a crude rate of 4.6. The incidence of ovarian cancer
is expected to rise steadily from 2288 in 2013 to 5957 in
2050, representing a 260% increase. Upper Egypt (6.1%)
had the highest incidence, 6.1%. Lower rates were found
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in middle and lower Egypt (3.8% and 3.9%, respectively)
[2].

Ovarian cancer is currently diagnosed using pelvic
examination, ultrasound (US), and tumor biomarkers;
however, the inability to detect symptoms, weak invasive-
ness, and treatment resistance are linked to poor prog-
nosis [3]. Various serum and plasma biomarkers, such as
CA-125, human epididymis protein 4 (HE4), mesothe-
lin, kallikreins, and aldehyde dehydrogenase 1 (ALDH1),
show higher sensitivity and specificity at the malignant
stage, but lower sensitivity and specificity in early stages
[4]. CA-125 levels play a significant role in monitor-
ing patients with ovarian cancer, but its significance at
first diagnosis is still debated [5]. As a result, signature
biomarkers with improved specificity and sensitivity
are needed to improve ovarian cancer patient survival.
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Micro-RNAs (miRNAs) are currently being investigated
as hallmark biomarkers for early diagnosis [4].

miRNAs are short non-coding RNA molecules (18-
25 nucleotides) that regulate the translation of specific
genes by binding to the 3’ untranslated region of target
mRNAs in a sequence-specific manner. miRNAs par-
ticipate in cell growth, differentiation, invasion, angio-
genesis, and epithelial-mesenchymal transition, all of
which are common in cancer [6, 7]. Specific miRNAs play
a role in carcinogenesis because of their oncogenic or
tumor-suppressive characteristics [8, 9]. Plasma, serum,
saliva, urine, and feces all contain miRNAs [10]. miRNAs
are fundamentally stable, and their use as indicators of
human disease and therapeutic targets is increasing [11,
12]. Circulating miRNAs can resist harsh physiological
conditions, such as pH changes, temperature changes,
and freeze/thaw cycles [13]. Further, expression levels
of circulating miRNAs are consistent across physically
healthy individuals [14].

miR-21 is a widely expressed miRNA in mammalian
cells, and its overexpression has been linked to a variety
of cancers [15]. miR-21 functions as an oncogene, with
overexpression leading to malignant B-cell lymphoma, as
evidenced using conditional miR-21 knock-in mice [16].
In a study of 540 clinical samples from cancer patients,
miR-21 was the only consistently elevated miRNA [17].

Insufficient work on the expression of serum miR-21
in ovarian cancer patients has been accomplished. Thus,
its diagnostic value and relationships with pathological
characteristics and prognosis are not completely under-
stood. In this study, we explored the expression of miR-
21 in serum from ovarian cancer patients and assessed
its value for ovarian cancer diagnosis, clinicopathology,
and prognosis. Our findings may assist the development
of a theoretical foundation for early clinical diagnosis and
treatment of ovarian cancer.

Methodology

The study was conducted at the Medical Biochemistry
Department, Faculty of Medicine, Zagazig University,
and the Gynecology and Obstetrics Department, Zaga-
zig University Hospitals. Approval for the study was
obtained from the Institutional Review Board (IRB),
Faculty of Medicine, Zagazig University (reference
number is 9066/27-1-2021). A case—control study was
conducted with 100 adult subjects: 50 healthy adult
women served as controls, and 50 were diagnosed with
ovarian cancer. Informed written consent was obtained
from all subjects to allow the use of samples and clini-
cal data. Consent was provided with a dedicated form
consistent with the Declaration of Helsinki. Fifty
patients with histopathological confirmation of ovar-
ian cancer, and with adequate hepatic, renal, cardiac,
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and respiratory function, were included. Individu-
als with a personal history of other malignant tumors
and patients refusing to participate in the study were
excluded.

Blood sampling

Participant blood samples were collected into RNase-free
tubes, and serum was separated. miRNAs were extracted
from serum using miRNeasy (Cat Number: Q217004;
Qiagen, Germany), and serum CA-125 levels were meas-
ured using an enzyme immunoassay test kit (Catalog No.
MBS454004).

RT-qPCR

TagMan miRNA assays were used to assess levels of
miRNA-21 (miR-21) in the blood (Applied Biosystems,
Catalog Number 4427975). In a total volume of (15 pL), a
fixed volume (2 pL) of total RNA was reverse transcribed
using TagMan miRNA Reverse Transcription Kits
(Applied Biosystems, Catalog No. 4366596) under the
following conditions: 16 °C for 30 min, 42 °C for 30 min,
and 85 °C for 5 min, 4 °C maintained. miRNA Assay
Kits and a TagMan Universal Master Mix II, no UNG
(Applied Biosystems, Catalog No. 4440040) were used in
real-time PCR, which was carried out in duplicate on the
StepOne Plus system (Applied Biosystems) under the fol-
lowing cycle conditions: 10 min at 95 °C, followed by 40
cycles of 95 °C for 15 s and 60 °C for 1 min. Step One
Software v2.3 (Applied Biosystems) was used to calculate
cycle threshold (Ct) values. The 2742t method was used
to determine expression levels of miRNA, normalized to
RNUG [18].

ACt was calculated as:

ACt=Ct (miRNA of interest)—Ct (RNU6). Then,
AACt was calculated with a sample from a healthy vol-
unteer as a calibrator: AACt=ACt (tested sample) — ACt
(calibrator).

Statistical analysis

Data were analyzed using SPSS version 22, and data are
expressed as means+SD for quantitative parametric
variables, as medians for nonparametric variables, and
as frequency and percentage for categorical variables.
Student’s t tests, Mann—Whitney, Chi-squared tests, and
Pearson correlation were used as appropriate. p<0.05
was considered statistically significant. The analysis was
based on the accuracy of miRNAs for diagnosis of ovar-
ian cancer as determined using receiver operator charac-
teristic (ROC) curves as the area under the curve (AUC)
values and sensitivity and specificity.
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Table 1 Risk factors and demographic data of controls and
ovarian cancer patients
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Table 3 Comparison of serum miR-21 expression and CA-125
serum levels among patients and controls

Cases n=50% Control n=50% p-value Patients (n=50) Controls (n=50) p
Age (vears) miR-21
X+£SD 563166 548+6.9 Mean £ SD 554+1.87 1.1+£043 <0.001
<50 20 40.0% 16 32.0% CA125
>50 30 60.0% 34 68.0% 0.28 Median 478 44
Residence Range 19-1325 10-477 <0.001
Rural 29 58% 30 60% 0.83
Urban 21 42% 20 40%
Family history
e 41 82.0% Table 4 Associations among serum miR-21 expression and
tve 9 . clinicopathological parameters in ovarian cancer patients
Menopausal status miR-21 expression
Pre 2 44% 30 60% 0.1 Mean 4+ SD p
Post 28 56% 20 40%
Age
<50 592+19 0.24
Table 2 Clinical characteristics of cancer patients >50 529£1.84
N (50) % Residence
Rural 579+1.7 027
FIGO stage Urban 52+£2.1
/1 30 60.0 Family history
/v 20 40.0 —ve 518+1.57 0.002*
Histological type +ve 717£23
Serous 20 40.0 FIGO stage
Mucinous 14 280 I/11 446£1.13 <0.001*
Endometrioid 16 320 /v 716157
us Histological subtypes
Bilateral 22 440 Serous 4.1+£0.72 <0.001*
Multilocular 16 320 Mucinous 55+1.67
Solid 12 24.0 Endometrioid 76+1.06
Metastasis us
—ve 34 68.0 Bilateral 574202
+ve 16 16.0 Multilocular 45406 0.09
Solid 6.58+2.1
*p < 0.05 when compared with control
Results

Baseline characteristics of 50 ovarian cancer patients and
50 control subjects indicated no significant differences
in age, residence, family history, and menstrual status
(p>0.05; Tablel). Thirty patients were diagnosed with
early-stage (FIGO I and II) and 20 with advanced-stage
(FIGO III and IV) epithelial ovarian cancer. Twenty cases
were confirmed as serous ovarian carcinoma, 14 muci-
nous, and 16 endometrioid. Twenty-two had bilateral, 16
multilocular, and 12 solid tumors. Thirty-four patients
were negative for metastases and 16 positive (Table 2).
Serum miR-21 expression and CA-125 serum level
were significantly higher in cancer patients than in
controls (p<0.001) (Table 3). Significant associations

were observed between high miR-21 and family history,
FIGO stage, and histological type. Correlations with
age, residence, and US type were not statistically signif-
icant (Table 4). Serum CA-125 levels were significantly
correlated with clinicopathological variables—FIGO
stage, histological type, and US type—but not with age,
residence, and family history (Table 5).

Serum miR-21 was a reliable diagnostic marker for
the detection of ovarian cancer (Table 6), with a sen-
sitivity of 96%, specificity of 88%, and accuracy of 92%.
Serum CA-125 was less dependable—sensitivity 74%,
specificity 80%, and accuracy 77% (Fig. 1). Correlation
coefficients for AUC were 0.99 for miR-21 and 0 0.84
for CA125. There was a statistically significant positive
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Table 5 Relationships among serum CA-125 level and

clinicopathological parameters in ovarian cancer patients
CA-125 level median p
(range)

Age

<50 478 (58-1325) 0.38

>50 409 (19-780)

Residence

Rural 478 (58-1325) 0.79

Urban 525(19-1325)

Family history

—ve 478 (58-564) 0.7

+ve 489 (19-1325)

FIGO stage

/11 478 (19-693) 0.03*

/v 564 (58-1325)

Histological subtypes

Serous 489 (460-693) 0.006*

Mucinous 564 (354-1325)

Endometrioid 348 (19-780)

us

Bilateral 354 (55-693)

Multilocular 453 (19-780) 0.002*

Solid 564 (478-1325)

*p < 0.05 when compared with control

correlation between CA-125 and miRNA-21 among the
studied groups as shown in Table 7 and Fig. 2).

Discussion

Ovarian cancer is the sixth leading cause of mortality in
women, killing more women than any other cancer of the
reproductive system. A woman’s lifetime risk of develop-
ing ovarian cancer is about 1 in 78 [1]. A family history of
breast or ovarian cancer is the most significant risk factor
for ovarian cancer, and heritable susceptibility accounts
for about 25% of all malignancies [19]. Currently, miR-
NAs are being investigated as serum biomarkers. These
tiny non-coding RNA molecules are likely non-invasive
blood biomarkers [20]. Zhang et al. reported miRNAs as
diagnostic or prognostic indicators [21]. A panel of miR-
NAs was apparently better than traditional methods for
distinguishing between malignant and reactive lesions,
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and among cancers with various histogenetic origins and
histological subtypes of the same type of tumor. Ashrafi-
zadeh et al. indicated that miRNAs can also function as
major regulators of carcinogenesis and that targeting
these molecules, or their functions, might be an effective
treatment strategy [22]. Thus, our study evaluated the
involvement of miR-21 in ovarian cancer progression.

We found that the expression of miR-21 was consid-
erably elevated in sera of ovarian cancer patients com-
pared with age-matched controls. The fold change value
in serum miR-21 expression in patients with advanced
stage cancer was 7.16+1.57, substantially higher than
for early stages, 4.46+1.13. Similarly, XU et al. reported
higher blood miR-21 levels in EOC patients, which cor-
related with FIGO stage and tumor grade [23]. Further,
higher plasma miR-21 levels are linked to poor long-
term prognosis. Kartika et al. found that miRNA-21
was upregulated 2.14-fold in late compared to early
stages, and 6.13-fold compared to healthy controls (p
0.05) [24]. Lou et al. hypothesized that aberrant miR-21
expression affects several biological processes in ovarian
cancer cells, including proliferation, migration, and inva-
sion [25]. miR-21 appears to play a role in ovarian car-
cinogenesis and promotes invasion and metastasis. The
precise mechanism of involvement of miRNA 21 in the
progression of cancer is still unknown. Lu et al. [25] and
Meng et al. [26] suggested that overexpression of miR-
21 is closely linked to the negative expression of PTEN
protein. Other tumor suppressor genes, such as Pdcd4,
which is negatively regulated at the posttranscriptional
level by miR-21, may also be involved [27, 28].

We found significant differences in miR-21 expres-
sion among serous, mucinous, and endometrioid his-
tology, with the highest expression in the endometrioid
type. Nam et al. suggested that miR-21 was the most fre-
quently upregulated miRNA in serous ovarian carcinoma
biopsies compared to normal ovarian tissue [29]. Paliwal
et al. showed that RT-qPCR-calculated fold changes in
miRNA-21 expression were 3.98 times higher in serous
ovarian cancer compared to controls [20]. Similarly,
elevated levels of 1.99- and 1.34-fold were observed for
mucinous and endometrioid ovarian carcinoma, respec-
tively. Lou et al. reported increased miRNA-21 expres-
sion in serous, mucinous, and endometrioid subtypes

Table 6 Validity of miRNA 21 expression and CA-125 serum level as diagnostic markers of ovarian cancer

AUC Sensitivity% Specificity% PV% Accuracy %
+ve —ve
mIiRNA 21 0.99 (0.97-1.0) 96.0 88.0 889 95.7 92.0
CA-125 0.84 (0.76-0.92) 74.0 80.0 78.7 755 77.0
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Fig. 1 ROC curve for miR-21 as a diagnostic marker of ovarian cancer

Table 7 Correlation between CA-125 and miRNA-21 among
studied groups

Variable R p

CA-125 with miRNA-21 0.450 <0.001

of EOC, but did not observe any significant differences
among the three histotypes [25].

Currently, pelvic examination, transvaginal ultra-
sonography (TVUS), and serum CA-125 levels are
standard modalities for detecting ovarian cancer.
CA-125 is considered a “gold standard” tumor bio-
marker for this disease [30, 31]. We consistently found
high serum levels in the early stages of ovarian cancer
in comparison with controls and higher levels in the
late stages.

We also found that sensitivity, specificity, and accu-
racy of miRNA-21 were superior to CA-125-96%, 88%,
and 92% versus 74%, 80%, and 77%, respectively, in
addition to a significant positive correlation between
CA-125 and miRNA-21 among the studied groups.

Consistently, Xu et al. [23] suggested that serum miR-
21 could be used as a diagnostic and prognostic marker
for EOC, as well as a therapeutic target. Overall, miR-
21 can be used for early detection and therapy planning
as a tumor biomarker for ovarian cancer.

Our study’s small sample size made it difficult to gener-
alize the findings, which necessitated larger cohort stud-
ies. Additionally, the expense of the reagents prevented
the study from involving more participants. We recom-
mend future research into various populations, includ-
ing high population sample sizes, in order to completely
elucidate the role of miRNA-21 gene expression in EOC.
Additional studies comparing serum miRNA-21 expres-
sion with tissue expression would unquestionably sup-
port our findings.

Conclusion

miRNAZ2I gene expression level significantly increases in
ovarian cancer cases at higher levels in later stages. His-
topathological types of ovarian cancer showed compara-
tively high expression levels of miR-21. miRNA2I can be
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used as a diagnostic biomarker for the early detection of  Declarations

ovarian cancer.
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