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Abstract: Different studies show that small non-coding RNAs, such as microRNAs (miRNAs) ob-
tained from exosomes, are considered potential biomarkers in several types of cancer, including
cervical cancer (CC). Therefore, the present study seeks to present an overview of the role of circu-
lating exosomal miRNAs with the potential to act as biomarkers for the diagnosis and prognosis of
CC and to analyze the presence of these miRNAs according to the stage of CC. For this purpose, a
review was developed, with articles consulted from the electronic databases MEDLINE/PubMed,
Scopus, and Web of Science published between 2015 and 2021. Seven articles were included after a
selection of studies according to the eligibility criteria. In addition to the methods used for sample
analysis, detection, and isolation of miRNAs in each article, clinical data were also extracted from the
patients studied, such as the stage of cancer. After analyzing the network of the seven miRNAs, they
were associated with the immune system, CC progression and staging, and cisplatin resistance. With
the belief that studies on miRNAs in cervical cancer would have major clinical implications, in this
review, we have attempted to summarize the current situation and potential development prospects.

Keywords: cervical cancer; biomarkers; miRNAs; exosomes

1. Introduction

The incidence and mortality rates of cervical cancer (CC) have been substantially
reduced with the implementation of cervical cancer screening programs using cytopatho-
logical smear tests. Thus, the cytopathological smear test is accepted as the gold standard
technique for cervical cancer screening. However, the accuracy of current cervical cancer
screening tests is still low [1-5].

The discovery of microRNAs (miRNAs) has opened a new frontier in cancer research
and provides an unprecedented potential for the development of miRNA-based biomarkers
that can influence downstream genes and signaling pathways [6].

MicroRNAs (miRNAs) are small non-coding regions in 20-22 nucleotide RNAs, which
are currently shown to be promising targets for the diagnosis and prognosis of different
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types of cancer. Their main physiological functions include feedback mechanisms in the
protection of essential biological processes, including cell proliferation, differentiation, and
apoptosis [7,8].

MiRNAs can be found in their free form in the bloodstream or inserted into exosomes
(Exo), which are 30-150 nm membrane vesicles of endocytic origin, secreted by most cell
types, especially tumor cells, and are important intercellular communicators that act in the
transport of packaged molecules, one of which is miRNA. This exosome-induced miRNA
transfer is a strategy for genetic exchange between cells and influences the regulation of
physiological and pathological processes of many diseases, including cancer. In addition,
exosomes can protect miRNAs against adverse storage and handling conditions, keeping
them stable. This condition is associated with the ease of detection in biological fluids
of this complex, increasing the scientific interest in miRNAs and exosomal miRNAs as
potential carcinogenic biomarkers [9-11].

Recent advances have proven that not only tumor suppressors and oncogenes but
also non-coding RNAs, including micro RNAs (miRNAs), have a significant impact on the
development and progression of cervical cancers. Previous studies have identified many
cancer-specific miRNAs in the early detection of CC. However, few studies on cervical
cancer and exosomal miRNAs have been discovered [11,12].

Studies show that miRNA alters the level of expression in cervical cells integrated
with HPV, and altered miRNA expression profiles have been reported in CC. Studies
investigating cervical cancer cervical wash samples point to an increase in numerous
miRNAs such as miRNA-483-5p, miRNA-1246, miRNA-1275, miRNA-21, miRNA-146a and
miRNA-222-3p f while some miRNAs such as let-7d-5p, miRNA-92a-3p, miRNA-20a-5p,
miRNA-378a-3p, miRNA-423-3p, miRNA-7-5p, miRNA-378c, miRNA-99-5p, miRNA-100
5p and miRNA-320a were down-regulated. [11]

In addition to the functions of exosomes already described, when it comes to cancer,
they may also be involved in the process of metastasis, angiogenesis, tumor immunity, and
resistance to treatment. At the same time, evidence has recognized miRNAs as diagnostic
biomarkers for CC and precancerous lesions [12-14]. However, the role of exosomal CC-
derived miRNAs as a diagnostic biomarker and their contribution to CC progression has
not been fully studied. In this review, we will discuss the role of exosomes and miRNAs in
CC and their relationship with the staging of the disease.

2. Results

A total of 728 articles were identified in the databases, according to the inclusion and
exclusion criteria described in Section 4.2, of which 662 were excluded at the title reading
stage: 183 duplicates, 460 did not meet the criteria, largely because they were about other
cancers; 6 involved an animal model or cell culture, and 13 others were reviews. Of the
remaining 66 articles, 47 were excluded after screening the abstract of the articles because
they included studies that exclusively described cell culture, animal models, articles on
other topics, and other reviews. Therefore, 19 articles remained for full reading, and 12
were excluded, leaving 7 articles for the continuation of this review (Figure 1).

2.1. Characteristics of the Included Studies
2.1.1. Overall Characteristics

Table 1 presents summarized characteristics of the seven included studies. Data show
that about 85% of studies were published in the last 3 years (2019, 2020, and 2021), with
all of them published in Asian countries, with China being the most prevalent (71% of
published articles). The main type of study was a cross-sectional study, with only one
cohort study being observed. The main purpose of the studies was the diagnosis of CC
through the use of miRNAs, and no similarities were found between the miRNAs studied
in the articles.
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Figure 1. Flowchart of the study selection process.

2.1.2. Clinical Features

The studies ranged from 184 patients to 28 patients. The characteristics of CC staging
were extracted, and different stages of the disease were described in the articles. The most
advanced stages were the most prevalent described. The general characteristics of the
studies can be seen in Table 1.

2.1.3. Sample Protocols

Most studies used plasma in their analyses, and the exosome and miRNA isolation
protocols were different. The use of quantitative reverse transcription PCR (qQRT-PCR) was
the most commonly used for miRNA detection, and the results are described in Table 2.

2.2. Exosomal miRNAs for the Diagnosis of CC

Clinical research carried out in 2016 by Nagamitsu et al. [15] in Japan, involving MiRNA
and CC, extracted the RNA of healthy individuals from the serum (31 patients); individuals
with cervical intraepithelial neoplasia (CIN) (55 patients); and patients with cervical cancer
(45 patients). The respective study was carried out in three phases. The first and most com-
prehensive using microarray identified 6 of the 1223 miRNAs found in serum samples from
patients with cervical cancer. Normal controls exhibited a >3.0-fold change in the expression
level in individuals with cervical cancer. In the second phase (selection phase), the number
of miRNAs was decreased from six to four miRNA species (miRNA- 483-5p, miRNA-1275,
and miRNA-1290), and a more significant expression was obtained in patients with cervical
cancer when compared to healthy controls. In the last phase, the validation was carried out of
the four miRNAs mentioned. These last two steps (selection and validation) occurred through
polymerase quantitative reverse transcription chain reaction (RT-qPCR). The study decided to
follow the other steps with an investigation of miRNA-1290, as it showed an especially greater
difference in its expression. It demonstrated that the level of serum miRNA-1290 expression
increased along with the stage of cervical cancer. Thus it was reported to be a potential candidate
as a biomarker in the diagnosis of uterine cancer.
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Table 1. Clinical features, types of studies, and types of miRNAs.

Authors and
Year

Country

Design of
Study

Number of
Patients

Stage of
Cervical Cancer

Prognosis

Type of miRNA or Diagnosis

Results

Nagamitsu et al.,
2016

Japan

Cross sectional

45 had cervical
cancer,
55 had NIC, and 31
were healthy.

Of the 45 patients with
cervical cancer, 7 were

stage Ia,
16 were stage Ib,
10 were stage IIb,

3 were stage Il and 2

were stage IV.

miRNA-485-5p,
miRNA-1246,
miRNA-1275,
miRNA-1290

Diagnosis

The circulating serum miRNA-485-5p,
miRNA-1246, and miRNA-1275, as well
as miRNA-1290, were significantly
higher in subjects with cervical cancer
compared to healthy controls, the
expression of circulating miRNA-1290
was significantly higher in the blood of
patients with cervical cancer compared
to controls. It may thus serve as a useful
biomarker in the diagnosis of cervical
cancer. However, larger studies are
needed to fully elucidate the role of
circulating exosomal miRNAs in
cervical cancer.

G.Maetal, 2019

China

Cross sectional

97 CC patients and
87 NCs

FIGO 1—74/
FIGO II—23

miRNA-146a-5p,

miRNA- 151a-3p,
miRNA-2110,
miRNA-21-5p

Diagnosis

Four plasma miRNAs (miRNA-146a-5p,
miRNA-151a-3p, miRNA-2110 and
miRNA-21-5p) that showed
upregulation were identified and
validated in patients with CC. A panel
of the four miRNAs was constructed as
potential diagnostic markers for CC.
The levels of miRNA-146a-5p and
miRNA-21-5p were all upregulated in
CC tissue samples, while the levels of
miRNA-146a-5p, miRNA-151a-3p and
miRNA-2110 were upregulated in
plasma exosomes in cervical cancer
subjects compared with healthy controls

Lv etal., 2020

China

Cross sectional

72

Not described

miRNA-125a-5p Diagnosis

The results showed through analysis of
the ROC curve that the level of
exosomal plasma miRNA-125a-5p was
a potential marker to differentiate
between non-cervical and cervical
cancer.
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Table 1. Cont.

Authors and Design of Number of Stage of . Prognosis
Year Country Study Patients Cervical Cancer Type of miRNA or Diagnosis Results
ml RNA-1228-5p, The log2FCs of miRNAs and mRNAs from plasma
miRNA- 146a-3p, . .
MIiRNA-332-5 exosomes were found to be associated with
Cho et al., 2021 Korea Cohort 28 CCIB-IVB . P Prognosis unresolved inflammation and microenvironmental
miRNA-3200-3p,
. factors that
miRNA-501-3p, trigoer metastasi
miRNA-6815-5p 168ET Metastasis.
CSCC malignant progression altered the level of
(FIGO 2018, stages 1 miRNA- 142-5p in serum exosomes, indicating that
116 human and and IT, 7 = 27) and serum
C.Zhou et al,; China Crpss stages Il and IV, advanced-stage (FIGO miRNA-142-5p Diagnosis fexosomal m1RNA-14?-5p may dlscrlmlna}te between
2020 sectional n =23 were indolent and aggressive CSCC and contribute to the
2018, stages Il and 1V, K . . .
analyzed. 1 =17) development of personalized diagnostic strategies
- for
patients with different progression risks.
Collectively, this study showed that cancer-derived
Cross exosomal miRNA-651 may restrain cisplatin
Zhu et al., 2021 China . 30 not described miRNA-651 Diagnosis resistance and progression and directly target ATG3
sectional ) . :
in cervical cancer. Hence, exosomal miR-651 could
be a therapeutic agent against cervical cancer.
A total of 312 The present study represents one of the largest
miRNAs with mean plasma miRNA studies for cancer biomarker
log2(RPM + 1) values discovery. The
Zhengotal,  cpp,  Cross 12 NICINICI /N Disgnosis valuable disgnoti blomarkers for nonnvasive
2019 sectional ACC and SCC © gnosts v © Q1aghostic bio ers lor honahvasive

sequencing of
exosomes derived
from 121 plasma
samples

screening of cervical cancer and its precursors. Blood
extraction is more convenient and carries less risk of
vaginal/uterine cervix infection than TCT or Pap
smear tests.

Subtitle: NCs: normal controls, CC: cervical cancer, NIC: cervical intraepithelial neoplasia, ACC: adenocarcinoma, SCC and CSCC: cervical squamous cell carcinoma, FIGO: International
Federation of Gynecologists and Obstetricians.
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Table 2. Characteristics of sample protocols, isolation methods, detection and validation of exosomal miRNAs.
Authors and Year Sample Type Sample Processing Conditions Method of Exosome Isolation Method of RNA/miRNA Isolation Metlg)i:cftix:;:lRNA
The samples were separated into blood Total RNA in the serum was isolated
Nagamitsu et al., Serum cells ang serum b cPe)ntrifu ation and Not descriptive using ISOGEN-LS, according to the Microarray and
2016 stored };t _5°C & p manufacturer’s instructions (NIPPON RT-gPCR
' GENE CO,, LTD., Toyama, Japan).
. - Exosomes were extracted from plasma RNA was isolated from 200 uL of plasma
Plasma samples were clarified, spinning . L. N . . B X
at 350 g for 10 min at 4 °C, followed by following the manufacturer’s instructions for using the mirVana Paris kit (Ambion,
G. Ma et al., 2019 Plasma 20.000% ¢ for 10 min at 4 % C and ther, the Exo-Quick exosome precipitation solution Austin, TX, USA) and Trizol (TaKaRa, qRT-PCR
’ S toi d at —80 °C until use (System Biosciences, Mountain View, CA, Dalian, China) according to
' USA). recommended conditions.
. exoEasy Maxi kit (cat. no. 76064; Qiagen, Inc.) Kit miRNeasy Serum/Plasma qRT-PCR (LineGene K Plus;
Lv et al., 2020 Plasma Samples weriz chlglﬁieo%at 800 g for according to the manufacturer’s (cat. n.° 77064; Qiagen, Inc., Hilden, Hangzhou Bioer Co., Ltd.,
instructions Germany) Hangzhou, China)
o conducted by Macrogen - Next generation
Cho et al., 2021 Plasma Not descriptive (Seoul, Republic of Korea) Not descriptive sequencing data
miRNeasy Micro Kit (Qiagen) was used
All blood samples were centrifuged at . accorc'hng to the‘ 1'11an1.1facturer °
2500 g for 10 min to extract serum. All instructions. Specific primer sets for
C. Zhou et al.; 2020 Serum samples were stored at —80 °C un.til Ultracentrifugation miR-142-5p and U6 were obtained from RT-qPCR
P further stud RiboBio Inc. The expression of miRNAs
¥ and mRNAs was normalized to U6 and
GAPDH, respectively.
5 mL whole blood samples were Exosome-Free Serum Preparation. FBS was
harvested from each subject by using centrifuged at 100,000 x g for 70 min, and the
EDTA anticoagulation tube. Following precipitate was removed to obtain . .
Zhu etal,, 2021 Plasma centrifugation and separation, samples exosome-free FBS. HeLa /S cells were cultured TRIzol (Invitrogen, USA) qRT-PCR
were collected in an EP tube and stored at with RPMI 1640 medium (Hyclone, Logan,
—80 °C for later use. UT, USA) with exosome-free 10% FBS.
Exosomes were isolated using an ExoQuick
The plasma samples were centrifuged at exosome precipitation solution. (SBI miRNeasy Micro Kit (QIAGEN qRT-PCR and digital PCR
Zheng et al., 2019 Plasma 16,033) j‘é ef(:; 1_0{‘31(1;131C alt1 itﬂ(il Is)eefore Cat#:100356EXOQ20A-1, Mountain View, CA, Cat#:217084, Valencia, CA, USA) (ddPCR)

USA) mixed with RNase A (Sigma Cat#:
R6513-10MG, St. Louis, MO, USA)
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In 2019, in China, G. Ma et al. [16] obtained plasma samples from 97 CC patients
and 87 controls in a multiphase study using qRT-PCR to identify the diagnostic potential
of miRNA species. This study highlighted positive regulation in four plasma miRNAs
(miRNA-146a-5p, miRNA-151a-3p, miRNA-2110, and miRNA-21-5p). This study also eval-
uated tumor tissue in smaller amounts justifying that most circulating miRNAs originate
from tumor tissues, with the result that levels of miRNA-146a-5p and miRNA-21-5p were
all upregulated in CC tissue specimens, while levels of miRNA-146a-5p, miRNA-151a-3p
and miRNA-2110 were upregulated in plasma exosomes.

Also in 2019, in the same country, Zheng et al. [17] performed exosomal miRNA
sequencing in 121 plasma samples, including 23 volunteers, 5 patients with CIN I, 59 with
CIN II-1II, 21 with cervical squamous cell carcinoma (SCC) and 13 with adenocarcinoma
(ACCQ). In this step, a total of 312 miRNAs with mean values of log2(RPM + 1) > 1 were
detected. The CIN I- samples were used as reference data for comparison with the other
sample groups (CIN II-III, CC, SCC, and ACC). This comparison led to the identification
of 37 differentially expressed miRNAs (DEmiRs). In another step, the study selected a
group of miRNAs from these 37 DEmiRs using the random forest algorithm. This led to
the identification of the best panel with eight miRNAs (let-7a-3p, let-7d-3p, miRNA-30d-5p,
miRNA- 144-5p, miRNA-182-5p, miRNA-183-5p, miRNA-215-5p and miRNA-4443), which
are the strongest predictors in clinical diagnosis. The study ranks itself as one of the largest
in the area of miRNA analysis versus cervical cancer, having carried out several steps,
which concluded in the end that miRNA-30d-5p and let-7d-3p are valuable diagnostic
biomarkers for the non-invasive screening of cervical cancer and its precursors.

In the following year, Lv et al., 2020 [18], conducted a study recruiting 72 individuals,
including 44 patients with cervical cancer and 28 healthy controls. The study performed
the sequencing phase using 12 samples, 6 patients with CCl and 6 healthy controls. Then,
the remaining 60 subjects, which included 22 healthy subjects and 38 CHD patients, were
investigated using quantitative PCR (qPCR) to confirm DEmiRs. Further steps were
performed, such as ZetaView nanoparticle tracking analysis (NTA), transmission electron
microscopy (TEM), and later statistical analyses, which resulted in a total of 1725 unique
mature miRNAs being identified from exosome miRNA sequencing data. The results
showed 39 miRNAs were differentially expressed between cervical cancer patients and
healthy controls, among which 8 miRNAs were down-regulated and 31 miRNAs were
upregulated (p < 0.001; fold-change > 2.0). The species miRNA-125a-5p was selected for the
analysis of its diagnostic potential. The results showed through analysis of the ROC curve
that the level of exosomal plasma miRNA-125a-5p was a potential marker to differentiate
between non-cervical and cervical cancer, with a ROC area under the curve value of 0.7129
(range 95% confidence (CI)). At the cutoff value of 2.537 for miRNA-125a-5p, the diagnostic
sensitivities and specificities of cervical cancer were 59.1% and 84.2%, respectively.

C. Zhou et al., 2020 [19], brought a new approach to their immunotherapy study,
reporting that high levels of miRNA-142-5p positively correlate with indoleamine 2,3-
dioxygenase (IDO) expression in tumor-associated lymphatic vessels in advanced cervi-
cal squamous cell carcinoma (CSCC). This intercellular enzyme contributes to immune
checkpoint development and promotes tumor progression by attenuating effector T-cell
responses. The methodology of the study shows that analyses performed on the serum
of patients with CSCC resulted in the exosomal serum levels of miRNA-142-5p being
higher in patients with CSCC than in healthy controls, as well as a difference in these levels
when comparing the advanced stage with those of patients with early-stage CSSC. Thus,
exosomal serum miRNA-142-5p may be a marker to distinguish the different stages of
CSCC, therefore contributing to the development of personalized diagnostic strategies for
patients with different risks of progression.

More recently, Zhu et al., 2021 [20] investigated the relationship of exosomal miRNA-
651 on cisplatin resistance of cervical cancer. They selected 30 patients with CHD and
30 healthy controls, analyzing the circulating expression of miRNA-651 and its potential
for diagnosis via RT-qPCR using plasma samples, with reduced expressions of miRNA-651
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miRNA -483-5p,
miRNA -1246,
miRNA -1275,
miRNA -1290,
miRNA -146a-5p,
miRNA -151a-3p,
miRNA -2110
miRNA -215 -5p,
miRN A -4443,

being reported in patients with CHD when compared with controls (p < 0.0001). The data
showed that circulating miRNA-651 had a highly sensitive and accurate ability to diagnose
cervical cancer (AU = 0.9050, p < 0.0001). In the investigation of cisplatin resistance, the
assay used cell culture, and reports indicate that downregulated miR-651 may induce
cisplatin resistance in cervical cancer.

2.3. Exosomal miRNAs for the Prognosis of CC

This review identified that Cho et al., 2021 [21], in Korea, conducted a pilot study to
investigate the log 2-fold change (log 2 FC) in the expression of exosomal miRNAs and
related messenger RNAs (mRNAs) in samples from patients with breast and cervix cancer to
identify better prognostic markers than currently available. This study explored important
points, such as the stage of CC, data from patients before and after the start of chemotherapy,
and miRNA-mRNA interactions in early progression. Plasma exosomal RNA sequencing
and profiling steps were performed on 29 samples from previously diagnosed CHD patients,
having analyzed 586 miRNAs and 15,324 mRNAs in the respective samples.

This research demonstrated reduced levels of miRNA-1228-5p, miRNA-33a-5p, miRNA-
3200-3p, and miRNA-6815-5p, and increased levels of miRNA-146a-3p in patients with
early progression and also revealed unresolved inflammation. Whereas increased levels of
miRNA- 605-5p, miRNA-6791-5p, miRNA-6780a-5p, and miRNA-6826-5p and decreased
levels of miRNA-16-1-3p (or 15a-3p) were associated with the degree of metastasis. They led
to the systemic activation of myeloid, endothelial, and epithelial cells, as well as neurons,
phagocytes, and platelets. The Log 2 FCs in the expression of miRNNAs and mRNAs from
plasma exosomes after treatment are associated with early progression and metastasis, re-
flecting unresolved inflammation and systemic microenvironmental factors, respectively [21]
(Figure 2).

Exossomal miRNAs cervical cancer

Diagnosis Prognosis
miRNA -21-5p miRNA -1228-5p, miRNA -146a-3p
let-7a-3p, miRNA -33a-5p, miRNA -605-5p,
let-7d-3p, miRNA -3200-3p, I miRNA -6791-5p, l
miRNA -30d-5p, ijNA_65ll miRNA -6815-5p miRN A -6780a-5p,
miRNA -144-5p, ® miRNA -16-1-3p (or 15a- miRNA-6826-5p,
miRNA -182-5p, 3p)
miRNA -183-5p,
miRNA -125a-5p,
miRNA -142-5p

Upreguleted : 1

Downreguleted : l

Figure 2. Circulating exosomal microRNAs (miRNAs) and their action in the diagnosis and prognosis
of cervical cancer (CC).

2.4. Exosomal miRNAs Related to CC Staging

Taking into account that the survival rates of patients with carcinoma are different
between metastatic and non-metastatic, there is a need to classify the stages of cancer, which
consists of analyzing its degree of dispersion between organs. For this, there are different
classification systems, one of which is the International Federation of Gynaecologists and
Obstetricians (FIGO), which has a staging system for gynecological cancers, including
CC [22,23].
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Nagamitsu et al. [15] reported indices of serum miRNA-1290 expressions according to
the different stages of CC, demonstrating the increase through RT-PCR analysis and the
Kruskal-Wallis test (p < 0.01) of these levels. In each set of patients studied, the healthy
group, 0.78; CIN group 1-2, 1.81; CIN3 group, 2.74; stage I cervical cancer group, 4.00; stage
II group, 5.66; and stage III-1V group, 5.59.

G.Ma et al. [16] studied the clinical characteristics of patients, including the histological
grade and FIGO stage of the disease, reporting higher miRNA-151a-3p expression values
in histological grade I patients when compared with a higher grade of disease (grade II or
III), as well as an increase in miRNA-151a-3p in patients with stage I disease in the FIGO
classification compared to those with stage II disease. The expression of miRNA-21-5p
was also analyzed, showing an increase in its plasma levels in patients with grade II or III
disease compared to those with grade I disease. It was further reported that miRNA-146a-
5p expression was higher in adenocarcinoma than in squamous cell carcinoma. While Lv
et al. [18], when studying miRNA-125a-5p, found no difference in the expression of this
miRNA between cervical squamous cell carcinoma and adenocarcinoma (AC). The other
stages of CC were analyzed using Mean =+ SD, being described in this study as 29 patients
in stage IA-IIA (0.95 £ 0.59) and 9 patients in stage IIB-IVB (1.60 & 0.94).

C. Zhou et al. [19] examined the levels of miRNA-142-5p in patients with stages I and II
(initial stage—FIGO) and patients with stages Il and IV (advanced stage-FIGO) with CSCC
and healthy controls. They identified that exosomal serum values of miRNA-142-5p in
early stages were lower than in patients with advanced stage, and levels of miRNA-142-5p
were higher in patients with CSCC than in healthy controls.

Zheng et al. [17] reported a broad description of miRNAs according to each cervical
cancer group and precursor lesions. About 27 types of miRNAs were cataloged in this
study of two groups (NIC II-III and CC). In total, 12 types of miRNAs were present in
patients with CSCC, and 8 types were present in patients with AC, significantly 4 miRNAs
(let-7a-3p; let-7d-3p; miRNA-144-5p; miRNA-30d-5p) were present in all groups (NIC
II-11I, CC, CSCC, and AC). The study reported that the presence of these types of miRNAs:
let-7a-3p, let- 7d-3p, miRNA-30d-5p, miRNA-144-5p, miRNA-182- 5p, miRNA-183-5p,
miRNA-215-5p, and miRNA-4443, are strong indicators of CIN I- (low lesion grade) and
CIN II+ (lesion high-grade and ASC-H), regardless of HPV types.

Cho et al. [21] described the clinical data of 18 studied patients, classified according to
the FIGO scale, in which those with stage IB-IIIC1 had their lesions located in the pelvis,
those with stage IVB they had spread to the lungs and supraclavicular lymph nodes(LNs)
and axillary. Those with stage IIIC2-IVA spread to the popliteal lymph nodes(PALNS).
The stages were associated with the presence of miRNA-605-5p, miRNA-6791-5p, miRNA-
6780a-5p, miRNA-6826-5p, and miRNA-16- 1-3p (or 15a-3p). The advanced stages for
distant metastasis from the pelvis were negatively linked with miRNA-16-1-3p (or 15a-3p)
but positively correlated with miRNA-605-5p, miRNA-6791-5p, miRNA-6780a-5p, and
miRNA-6826-5p.

2.5. Limitation

The lack of robust studies on the scope of miRNAs is considered a limiting factor
of this study. Most of them were in Asia, so research on other populations needs to be
conducted. There is a lack of homogeneity in the study designs and in the molecules
found, and it is identified that the methods of detection of circulating miRNAs need to be
improved. Larger samples are suggested, and more research will be needed to identify
reliable circulating exosomal miRNAs for use as biomarkers in the early diagnosis and
prognosis of patients with CC as well as to discover their relationship to the stages of this
disease. Therefore, comprehensive studies that provide important additional information
are lacking.
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3. Discussion

Cervical cancer is a pathology with a high number of deaths among women, and ways
that favor its identification, progression, and treatment are essential to improve survival
among women. Therefore, studies of miRNA offer a promising route to improvements [24,25].
The use of miRNAs is key to a gradual increase in research over the forthcoming years.
Existing research is still ongoing on the characterization of miRNA profiles within different
tumor subtypes. There are questionable delays that delay the exemption of techniques with
the use of miRNAs from bench to bedside [9].

As observed in our results, there is no consensus on potential miRNAs that can be
used in clinical practice. That is, the different studies do not show common miRNAs among
them. Several miRNAs were found to be out of balance by different groups using different
methodologies, such as Zheng et al. [17], who observed in their study the presence of
312 different types of miRNA in samples from patients at different stages of CC. This range
of miRNAs may be one of the justifications for the high heterogeneity of the findings of
this review.

There was also a predominance of the use of plasma samples and qRT-PCR as a means
of miRNA detection. This is the main method used in this phase due to its sensitivity and
specificity, which corroborates other studies [9-24].

In one study, serum miRNA-1290 increased along with the stage of cervical cancer. The
discussion reported that this miRNA was present in chromosome 1:19,223,565-19,223,642.
Further, it noted that B-cell lymphoma 2 (BCL2) and microtubule-associated tau protein
(MAPT) are potential targets of miRNA-1290 according to in silico analysis [15,26]. More-
over, another study reported that miRNA-146a-5p and miRNA-21-5p were all upregulated
in CC tissue samples, while levels of miRNA-146a-5p, miRNA-151a-3p and miRNA-2110
were upregulated in plasma exosomes. Serum miRNA-146a-5p was previously reported to
be involved in the pathogenesis of CC. At the same time, miRNA-146a has been shown to
promote CC cell viability by targeting IRAK1 (Interleukin 1 Receptor Associated Kinase 1)
and TRAF6 (TNF Receptor Associated Factor 6) [16-27]. Other studies have shown that
miRNA-30d-5p, let-7d-3p, miRNA-125a-5p, and miRNA-142-5p are potential candidates as
a biomarker in the diagnosis of CC [17].

miRNA-146a-5p belongs to the miRNA-146a family [28], which in turn was reported
in two other reviews dealing with colorectal cancer (CRC) and CC, respectively, both of
which were upregulated. The first study describes large amounts of exosomal miRNA-146a
in circulation correlated with low levels of CD8 T cells infiltrating the tumors, and high
levels of CD66 neutrophils, suggesting that this miRNA is the main exosome secreted by
colorectal cancer stem cells. Meanwhile, the second review described the presence of this
miRNA associated with the presence of types 16, 18, 31, and 68/HPV. Another miRNA
found in both reviews was miRNA-21, of which miRNA-21-5p belongs to its sequence.
miRNA-21 was shown to be associated with liver metastases and tumor staging in patients
with RCC in plasma samples and is upregulated in these patients. In another six articles
found in the review involving CC, miRNA-21 was also upregulated, being more associated
with the presence of HPV 16 [9-24]. Two other miRNAs were found in common with our
review and also a study dealing with CCR, which reported the presence of upregulated
miRNA-1290 for diagnostic purposes and upregulated miR-30d-5p for surveillance and
follow-up purposes [9].

Apparently, there is still a relationship between the expression levels of certain miR-
NAs when compared with the stages/grade of the disease. One of the main studies found
in this review identified four types of miRNAs present in all stages of CC, these being
let-7a-3p; let-7d-3p; miRNA-144-5p, and miRNA-30d-5p [17]. In advanced stages of the
disease, one of the studies showed an association between the presence of miRNA-605-5p,
miRNA-6791-5p, miRNA-6780a-5p, miRNA-6826-5p, and miRNA-16-1-3p (or 15a-3p), ad-
vanced stages of distant pelvic metastases were negatively linked with miRNA-16-1-3p (or
15a-3p) while being positively correlated with miRNA-605-5p, miRNA-6791-5p, miRNA-
6780 a-5p, and miRNA-6826-5p. [25]. One of the studies reported the action of exosomal
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levels of miRNA-651 related to resistance to cisplatin, one of the main drug treatments
currently used, in addition to being downregulated in CC, considered in this study as a
potential diagnostic marker as well as a potential therapeutic agent [20].

Larger studies are essential to guide therapeutic, diagnostic, and prognosis patterns of
CC. The limitations of this study need to be minimized to obtain better results. However,
the results already found are promising and point to an encouraging perspective on the
use of miRNAs in clinical practice.

4. Materials and Methods
4.1. Bibliographic Research Strategy

We performed a review of original articles from the current literature (2015 to 2021)
using the following bibliographic search databases MEDLINE /PubMed, Scopus, and Web
of Science, using a combination of the following Medical Subject Headings (MESH) terms

and keywords: “cervical cancer”, “Uterine Cervical Neoplasms”, “exosome”, “plasma”,
“serum”, “microRNA” “miRNA” and “miR”.

4.2. Selection of Studies: Inclusion and Exclusion Criteria

Inclusion criteria were studies published during the established period, selected
according to title and abstract, that evaluated the potential of exosomal plasma/serum
miRNAs for use as biomarkers for the diagnosis, prognosis, and pathogenicity of CC.
Exclusion criteria were studies with animal models, studies based exclusively on cell
culture, brief communications, other analyzes on the subject, paid articles not available on
the web, and bioinformatics analyses.

4.3. Data Review and Extraction Section

To review the research results, four different authors were used. All studies were
listed in the EndNote software (EndNote X7, Thomson Reuters), then distributed among
the authors for evaluation. Each study was analyzed by two independent authors, and the
third expert author strategy was used for conflicts. In the review, we investigated the study
design and its eligibility based on the inclusion criteria. All original research studies in
each study setting refer to the diagnosis and/or prognosis of patients with CHD through
miRNAs, regardless of the patient population or age group considered for the screening
and review section. The name of the first author, country of the study performed, year of
publication, sample size, type of miRNA, as well as the method of detection and isolation,
study design, and CC staging, were extracted from all primary studies included.

4.4. Bias Assessment

The risk of bias was analyzed using the JBI Levels of Evidence [29], with the observa-
tional studies/descriptive studies classified according to the tool as being level 4.6, while
the only cohort study found in this review was classified as level 3.b.

5. Conclusions

Considering the severity of cervical cancer and the need to develop new means
of diagnosis, prognosis, and monitoring of the disease, the study of miRNAs for these
purposes proved to be promising in this review. However, larger studies are needed to
guide therapeutic, diagnostic, and prognosis patterns of CC.
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