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Cervical carcinoma being the second common cancer in women in Indonesia, as well
as in Bali, and mostly patients are diagnosed at an advanced stage with having metastases. The
lymphatic pathway (lymph nodes) is the most frequent route for cervical cancer metastases.
MicroRNA is a novel invention for predicting the biological behavior of cervical carcinoma
and has the potential to act as the foundation for targeted therapy for cervical cancer. Several
microRNA profiles, including microRNA 21, microRNA 126, and microRNA 143, were discovered
to regulate the biological activity of cervical cancer. However, no studies have established a
correlation between the expression of one of these microRNAs and the incidence of lymph node
metastases in cervical cancer. This study aims to analyze whether overexpression of microRNA
21 is a risk factor for lymph node metastases in cervical cell carcinoma. Collected data was
descriptively analyzed using the chi-square test with a p-value<0.05 and 95% CI. The results
showed that microRNA 21 was significantly overexpressed in cervical carcinomas with lymph
node metastases compared to those without lymph node metastases, representing a 19-fold
increased risk for lymph node metastases. This can be influenced by the activity of microRNA 21
on several signaling pathways, such as Phosphatase and Tensin Homolog (PTEN), Programmed
Cell Death Protein 4 (PDCD4), and Tissue inhibitor of metalloproteinase 3 (TIMP3), that affect
the progression, invasion capacity, and metastasis of tumor cells.
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Cervical carcinoma is the fourth most
prevalent malignancy in women worldwide
and one of the top three among women under
45 years old. This number has decreased as a
result of the successful implementation of the
HPV vaccine program, screening and treatment
of precancerous lesions, and an increase in the
number of healthcare providers participating in

the diagnosis and treatment of invasive cancer.
In contrast, the incidence by age standardization
remains high in Indonesia, particularly in Bali,
with >40 instances per 100.000 women.'Cervical
carcinoma originating from cervix epithelium is
still a public health issue in Indonesia and Bali.
Cervical squamous cell carcinoma is the most
prevalent type of cervical carcinoma, comprising
for around 70% of cases.>*
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In 2008, the Indonesian Cancer Foundation
(YKI) reported that 52 million Indonesian
women were at risk for cervical carcinoma and
that 36% of all cancer patients were women
with cervical carcinoma.'*Despite undergoing
treatment, the mortality rate for cervical carcinoma
remains about 90%, with the majority of patients
dying of metastases. Metastasis is alarming for
cancer patients since it represents the tumor’s
aggressiveness and is related to a poor prognosis.
The lymphatic pathway (lymph nodes) is the most
common route for cervical carcinoma metastases.**

In cervical cancer, determining the status
of the inguinal lymph nodes is crucial because
it serves as a prognostic indicator of distant
metastases, recurrence, and appropriate therapy.
However, the status of the lymph nodes cannot
always be determined because clinicians do not
always perform lymphadectomy. Determining the
prognostic characteristics related with metastases is
critical, as this will affect future treatment. Classic
prognostic variables used to predict the occurrence
of metastases include tumor size, grade, stage,
lymphovascular invasion, and resection margins,
with researchers obtaining varying findings.
Therefore, new measures that correlate with the
risk of metastasis in cervical cancer are required.
Metastases of the lymph nodes can only be
identified through histopathological examination of
radical surgical tissue.'**Predicting the possibility
of lymph node metastases can help with the
prevention of lymph node metastases and also in
determining whether the clinician will perform
surgery and if the patient requires radical action.>

Several parameters have been developed
that could also assist clinicians in predicting
the possibility of lymph node metastasis
development.”® One of the most investigated
biomolecular parameters is the expression profile
of microRNAs (miRNAs), a class of endogenous
non-coding RNAs that act as negative regulators/
suppressors of protein-coding gene expression
by selectively binding to the base complement 3
untranslated region (3-UTR) of messenger RNAs
(mRNAs). Several miRNA profiles, including miR-
21, miR-126, and miR-143, have been identified
as playing a role in determining the biological
behavior of cervical carcinoma.’!
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A recent study has investigated of the
important role of miR-21in cervical carcinoma.
In cervical carcinoma, miR-21 is classified as
an oncogene miR because it stimulates cell
proliferation and migration. The expression levels
of miR-21 and ZEB1 (Zinc finger E-box binding
homeobox 1 transcription factor) were significantly
higher in cervical carcinoma tissue with lymph
node metastases than in normal cervical tissue,
according to previous research. In a recent study,
it was discovered that the upregulation of miR-
21 in cervical carcinoma tissue modulates EMT
(Epithelial-Mesenchymal Transition) activation,
which in turn induces lymphatic metastasis.
In 2020, Sanchez conducted opinion on the
overexpression of miR-21 in cervical cancer cell
lines HeLa and SiHa, which led to the upregulation
of mesenchymal cell markers vimentin and
N-cadherin and the decreased expression of
epithelial cell marker E-cadherin."! The EMT is
the ability of epithelial cells to transform from
immobile to motile mesenchymal progenitor cells.
This pathway is essential for development (type 1),
normal tissue regeneration or pathological fibrosis
(type 2), and cancer cell metastatic transformation
(type 3). Type 3 EMT is essential for tumor
progression to metastasis, and both reactivation
and dedifferentiation as well as activated cancer
cells are generated to have an invasive and motile
phenotype.*1°

In addition, previous studies discovered
a significant correlation between miR-21
overexpression with muscular infiltration, and
parametrial invasion. Multiple studies have
shown that elevated miR-21 expression is related
to cell proliferation, tumor invasion, metastasis,
angiogenesis, immunological response, and
apoptosis inhibition in cervical cancer cases.**The
aim of this study was to investigate the role of
miR-21 overexpression of lymph node metastases
in cervical carcinoma.

MATERIALS AND METHODS

This study used a case-control study
design to explore the correlation between miR-21
overexpression and the presence of lymph node
metastases in cervical carcinoma.In addition,
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descriptive table data was used to present other
findings such as the patient’s stage and age group.

The research was conducted from July
2021 - December 2021 in the Biomolecular
Laboratory of the Faculty of Medicine and Health
Sciences at Warmadewa University (evaluation of
preparations may be conducted at the researcher’s
place).

The population of interest for this study
included all cervical carcinoma samples collected
at Balimed Denpasar Hospital on 2021. The
research sample was obtained from samples of
cervical squamous cell carcinoma from radical
surgical tissue collected at the Biomolecular
Laboratory of the Faculty of Medicine and Health
Sciences at Warmadewa University based on
inclusion and exclusion criteria. Calculation of the
sample is based on the following formula:

n= zav2 + zﬁ.\.-"P_QJ ?
(p-1/3)

The significance level for the 95%
confidence interval (za) is 1.960 and the power
value (zb) is 0.842. The p-value is determined
by dividing the odds ratio which is considered
clinically significant with the formula P = R/1+R
so that a value of 3/4 is obtained, while the value
of Q=1-P is 1/4. Based on this formula, the total
minimum number of samples is 29.8 rounded up
to 30. In this study, the number of samples in the
group with lymph node metastases was 15 people
while those with non-metastatic lymph nodes were
15 people. Overexpression of miR-21 is defined by
the presence of high levels of oncogenic microRNA
(oncomir), which inhibits the expression of tumor
suppressor genes (TS genes) and genes that regulate
cell differentiation and apoptosis on chromosome
17. Also miR-21 is considered overexpressed if its
expression is at least five-fold higher than that of
the reference sample (u6 s RNA)1.°Lymph node
metastasis is the dissemination of tumor cells
beyond the original tumor, specifically in regional
lymph node tissue and beyond the pelvis.®

The data was descriptively analyzed using
the chi-square test to determine the correlation
between miR-21 overexpression and lymph node
metastases in cervical carcinoma. The significance
test was determined at p<0.05. Data precision is
determined by a 95% Confident Interval (CI).

RESULTS AND DISCUSSION

Case Distribution Based on Patient Clinical
Data

The majority of cervical carcinoma cases
(63.3%) were diagnosed in women younger than
50 years old, according to research data. This is
congruent with findings from the International
Agency for Research on Cancer (IARC) indicating
that cervical carcinoma is one of the top three
cancers among women aged 45. This may be
due to the fact that sexual activity, a risk factor
for cervical carcinoma, is most prevalent in this
age group, which corresponds to the reproductive
age range. Epidemiological studies indicate that
HPV infection is most prevalent in women in
their twenties, as determined by the detection of
HPV DNA. It takes between 10 to 20 years from
the presence of HPV infection to the development
of cervical carcinoma, hence the prevalence of
cervical cancer in the third and fourth decades is
considerable.'**

According to table 1, 70% of the tumors
in this study group were larger than or equal to four
centimeters. This relates to the selection of study
samples that use radical surgical tissue, which is
typically obtained from cervical carcinomas that
are apparent to the naked eye (above stage IB1).
In developing nations, such as Indonesia, cervical
cancer is still diagnosed at a more advanced stage,
where the size of the tumor exceeds 4 centimeters
and already causes serious clinical symptoms such
as profuse bleeding and spread to surrounding
tissues such as the vagina and bladder.

Table 1. Research sample characteristics

Characteristics n=30 (%)
Age (year)

<50 19 (63.3%)
>/=50 11 (36.7%)
Tumor Size (cm)

<4 9 (30%)
>/=4 21 (70%)
Lymph node metastases group

1) positive metastases 15 (50%)
2) negative metastases 15 (50%)
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Correlation between Overexpression of
MicroRNA-21 with Patient Clinical Data
Quantitative real-time PCR showed
no significant association between miR-21
overexpression and the patient’s age or tumor size
(»>0.05). This is consistent with findings from
prior studies indicating that miR-21 expression

is unaffected by age or the aging process. The
miR-21 is a small non-coding RNA molecule
whose biological control is correlated to its role
in immunological activity, cell differentiation, and
carcinogenesis in diverse types of tumors.'>!3
The MiR-21 is associated with cell
proliferation by inhibiting multiple protein targets,

Table 2. Correlation between miR-21 overexpression and research sample
clinical data

Characteristics n=30 (%) miR-21 p value
Overexpression (n)

Age (year)

<50 19 (63.3%) 12 0.592

>/=50 11 (36.7%) 8

Tumor Size (cm)

<4 9 (30%) 6 0.037

>/=4 21 (70%) 14

The contrary association was noticed between tumor growth and miR-21
overexpression (p<0.05). This is consistent with the findings of numerous
studies indicating that miR-21 expression is implicated in several hallmarks of
carcinogenesis, including tumor proliferative activity, tumor development, and

the capacity to invade and metastasis > .
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Graph 1. Distribution of relative multiples of miR-21 expression throughout samples compared to internal
control
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Graph 2. Comparison of relative multiples of miR-21 expression between positive lymph node metastases group
(LN Metas +), also negative lymph node metastases group (LN Metas -) and control group

including Programmed Cell Death Protein 4
(PDCD4), Sprouty RTK SignallingAntagonist
2 (SPRY?2), Phosphatase and Tensin Homolog
(PTEN), and Reversion-Inducing Cysteine-
Rich Protein with Kazal motifs (RECK) via the
mechanism depicted in figure 2. In addition, several
studies demonstrated that Mitogen-Activated
Protein Kinase/Extracellular Receptor Kinase
(MAPK/ERK) and Phosphatidylinositol 3-Kinase/
Protein Kinase B (PI3K/AKT) are the signalling
pathways targeted by miR-21 in influencing cell
proliferation.®’

Correlation Between Overexpression of
MicroRNA-21 with Lymph Node Metastasis

In this study, miR-21 expression was
evaluated in both sample groups using quantitative
real-time PCR (cervical carcinoma with lymph
node metastases and those without lymph node
metastases). Normal cervical tissue samples were
used as the negative control to analyze the multiple
expression of miR-21 between the two groups in
this investigation, with U6 sRNA serving as the
internal control.

According to graph 1, both sample groups
had a considerably higher multiple of expression
compared to negative internal controls. In addition,
miR-21 was detected in both sets of study samples,
including those with lymph node metastases and

those without lymph node metastases. It is known
that the carcinogenesis of cervical carcinoma is
consistently related to previous infections with
high-risk HPV types 16 and 18. The miR-21
genomic locus resides in the FRA17B locus of
chromosome 17q 23.2, which is one of the HPV
16 integration sites. MiR-21 expression in Cervical
carcinoma is a marker for HPV 16 integration
factor involvement. Because miR-21 is involved
in the carcinogenesis process of cervical cancer, it
may be deduced that, in general, cases of cervical
cancer will have higher miR-21 expression than
normal cervical tissue.*®

The activation of the PI3K and its
target, AKT, and mTOR signalling pathways,
which regulate differentiation, proliferation, and
cell survival, play a role in the continuation of
the cervical carcinoma carcinogenesis process.
By activating the PI3K/AKT/mTOR signalling
pathway, tumor cell proliferation is increased.>'

The expression of microRNAs increased
significantly in the cervical carcinoma group with
lymph node metastases compared to the group
without lymph node metastases (p=0.000; p<0.05).
The relative expression multiples in samples with
lymph node metastases were higher than five
times the expression of the reference control,
hence they were classified as overexpressed.
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miR-21 overexpression increases the risk of
cervical carcinoma lymph node metastasis by 19-
fold. This is congruent with results regarding the
molecular mechanism of miR-21’s participation
in inducing invasion and metastasis in a variety
of solid carcinomas; thus, miR-21 is recognized
as a metasmiR. Involved molecular mechanisms
may include suppression of the activation of
PDCD4, TIMP3, TPM1, SERPINBS, coding for
Maspin, and PTEN, among others. If PDCD4 is
blocked, there will be a decrease in JNK activation,
resulting in an increase in BCL2-like (anti-
apoptotic) proteins, which prevents apoptosis and
eventually contributes to tumor cell proliferation
and migration.'#!>!¢

Graph 2 further shows that PTEN activity
can suppress the PI3K/PTEN/AKT signalling
pathway and target AKT to modulate cellular
processes such as cell growth, differentiation,
proliferation, and migration. Overexpression
of miR-21 can downregulate PTEN, hence
maintaining the activation of the PI3K/PTEN/
AKT signalling pathway, which affects tumor
proliferation and progression. PTEN can also
inhibit MMP-9 and MMP-2 expression by
dephosphorylating FAK. Thus, inhibition of
PTEN activity would result in the overexpression
of matrix metalloproteinases such as MMP2
and MMP9, which promote migration, cellular
invasion, and metastasis, including lymph node
metastasis.'>>'%!7 In this study, the overexpression
of miR-21 in lymph node metastasis samples is
most likely influenced by the inhibition of this
PTEN pathway.

CONCLUSION

It can be concluded that, miR-21
expression was significantly higher in cervical
carcinomas with lymph node metastases compared
to cervical carcinomas without lymph node
metastases, furthermore, cervical carcinomas with
lymph node metastases showed overexpression of
miR-21. In cervical carcinoma, overexpression
of miR-21 multiplies the risk of lymph node
metastasis by 19-fold. This relates to the wide range
of molecular roles of miR-21 in various signalling
pathways of tumor progression, migration, and
metastasis, such as inhibition of PTEN, which
triggers anti-apoptotic activity, and activation of

metalloproteinases such as MMP-9, which affect
the emergence of EMT phenotypes in cervical
carcinoma, thereby facilitating deeper and deeper
invasion. In addition, this study also showed that
miR-21 overexpression has an impact on tumor
size, since there was a significant difference
between tumors with a size of *4 cm and those
with a size of <4 cm with regard to miR-21
overexpression.
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