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N Human papillomavirus (HPV) is associated with the development of
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. increased by persistent high risk-HPV (hrHPV) infection. MicroRNAs
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short, non-coding RNA molecules that play pivotal roles in controlling
) gene expression, and affecting several biological processes including
doi: 10.48047/AFJBS.6.15.2024.9408-9433 | cellular activities such as proliferation, apoptosis, and immune response.
This review examines the roles of miRNAs in the development of
cervical cancer associated with hrHPV. We investigate how HPV
infection alters the expression pattern of miRNAs, therefore contributing
to the malignant transformation of cervical epithelial cells. Moreover, the
review also explores the potential of miRNAS to serve as diagnostic and
prognostic biomarkers for patients with cervical cancer. The discovery
of miRNA signatures associated with HPV-related cervical cancer offers
promising avenues for personalised medicine and targeted therapies. As
research advances, understanding the intricate relationship between
miRNAs and HPV could lead to novel strategies for combating this
malignancy, ultimately improving patient prognosis. This review
underscores the need for further investigation into miRNA-based
interventions as part of the broader effort to reduce the global burden of
cervical cancer.
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Introduction

Human papillomavirus (HPV) is a primary etiological factor for infection-related cancer,
mostly transmitted via sexual intercourse. It is also the predominant cause of cervical
malignancies (Serrano et al., 2018). There are more than 200 HPV types known to exist. HPV
can be grouped into low-risk and high-risk types. Low-risk HPV types (HPV-6, -11, -42, -43,
and -44) infection causing benign genital warts without inducing malignancy. Opposite to the
high-risk types, there are16 high-risk types (HPV-16, -18, -31, -33, -34, -35, -39, -45, -51, -52,
-56, -58, -59, -66, -68, and -70) and are reported to be carcinogenic. High-risk HPV (hrHPV)
has been associated to the development of cervical cancer (Causin et al., 2021). Persistence
infection of hrHPV genotypes, an oncogenic, may produce cervical cancer and other forms of
carcinomas (Gupta et al., 2018). HPV-16 and HPV-18 were the two most common high-risk
genotypes that can become cancerous over time where these two high-risk types have become
major risk factors that account for 70% of total cervical cancer cases (Bafiuelos-Villegas et al.,
2021; Okunade, 2020; Szymonowicz et al., 2020).

According to GLOBOCAN 2022 data, cervical cancer is ranked as the eight most prevalent
cancer worldwide. Among women, it is the fourth most common type of cancer, following
breast, lung and colorectal. In 2022, more than 650,000 new cervical cancer cases were
diagnosed among women (Bray et al., 2024). Although not all HPV infections result in cervical
cancer, 99.7% of cervical cancer cases are caused by persistent infection from hrHPV
genotypes (Na et al., 2023). This information suggests the presence of several factors that
promote tumor progression in persistent infections with hrHPV genotypes including
epigenetics. Epigenetics changes can impact gene expression without altering DNA sequence.
These changes encompass DNA methylation, demethylation, histone modification and
regulation by RNA-mediated targeting regulators (Durzynska et al., 2017; Laengsri et al.,
2018).

MicroRNAs (miRNAS) are short, non-coding RNA (=28 nucleotides) that function at the post-
transcriptional level in the regulation of cellular processes such as cell development,
differentiation, proliferation, and apoptosis (Bafiuelos-Villegas et al., 2021). MiRNA binds to
the 3’ untranslated region (3’ UTR) of target mRNAs. This interaction leads to the repression
of gene expression through mRNA degradation and translational inhibition. Numerous studies
have documented the dysregulation of miRNAs in a variety of diseases including malignancies
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(Arif et al., 2020; Condrat et al., 2020; Dragomir et al., 2022; Franczyk et al., 2022; Lee et al.,
2021; Zhou et al., 2018). Aberrant miRNAs expressions are reported in various cancers such
as breast, colorectal, lung, blood malignancies as well as cervical cancer (Harden et al., 2017;
Igbal et al., 2019; Loh et al., 2019; Luo et al., 2015; Mohammadi et al., 2016; Moloudizargari
et al., 2021). MiRNAs act as tumour suppressors (tsmiRs) or oncogenes (oncomiRs) based on
their regulating effects on the expression of their target genes (Snoek et al., 2019).

However, the specific role of miRNAs in the progression of cervical cancer caused by hrHPV
infection is not fully understood. The goal of this review is to summarise the involvement of
miRNAs in the progression of cervical cancer caused by persistent hrHPV infection. Lastly,
our findings might shed light on the application of miRNAs as biomarkers in the development
of miRNA-based cervical cancer therapies as well as in the prediction or diagnosis of the

disease.

2.0 Association between HPV infection with cervical lesion and progression

to cervical carcinogenesis.

HPV consist of over 200 genotypes with approximately 15 of these genotypes, categorised as
hrHPV, were linked to cervical lesion and cancer. Following HPV infection, cross-protective
antibody is unable to be generated inside the hosts. This is due to the difference in the capsid
proteins across different genotypes of HPV. This incapability contributes to the condition of
reoccurrence infection as well as multiple genotypes infection (Li et al., 2024). Cervical lesion
is an infectious condition, and several research findings have confirmed that this condition is
caused by multiple HPV genotypes infection whereby this condition has been reported to be
associated with persistent HPV infection. Research has shown that the risk of developing
cervical lesions is higher with multiple HPV infections compared to a single infection (Bello
et al., 2009; Della Fera et al., 2021; Kim et al., 2021; Rousseau et al., 2001).

Progression into cervical carcinogenesis from HPV infection is a lengthy process that involved
the gradual advancement in the severity of cervical intraepithelial neoplasia (CIN). About 70%
to 75% of women infected with HPV were diagnosed with HSIL, and approximately 1% to 4%
of them may progress to become chronic and potentially lead to dysplastic changes in the cervix
or precancer thus turns into cancer (Azimi et al., 2021; Rs, 2021). CIN, the precancerous

squamous epithelium lesion of the cervix, is a histologic diagnosis of a cervical biopsy
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specimen based on tissue examination. CIN is classified as grade 1, 2, and 3 (CIN1, CIN2,
CIN3) based on the extent of cellular abnormalities observed in the cervix. Similarly, during a
pap smear, cytologists interpret the results as low-grade squamous intraepithelial lesions
(LSIL) or high-grade squamous intraepithelial lesions (HSIL) based on Bethesda System. CIN1
corresponds to LSIL or mild dysplasia, while CIN2 and CIN3 correspond to HSIL or moderate
and severe dysplasia, respectively. HSIL is likely to further progressed into carcinoma (Bruno
et al., 2021). CIN1, or mild dysplasia, is usually seen within 6 to 12 months and often
spontaneously regresses by immune system (Shanmugasundaram & You, 2017), while CIN2
is characterized by cellular atypia affecting about two-thirds of the cervix's epithelial thickness.
At this stage, the process remains reversible with approximately 40% of the cases with poor
treatment will regressing spontaneously. Whereas, the condition of the cervix is graded as CIN3
where more than two-thirds of the epithelial thickness shows atypia, is more likely to lead to
malignancy, though about one-third of these lesions may heal on their own (Salcedo et al.,
2022). It is commonly known that persistent HPV infection, particularly from high-risk
genotypes is the primary cause of CIN. The severity of CIN may progress to become cancerous

in certain women, leading to cervical cancer while it may be completely eradicated in others.

Among hrHPV genotypes, HPV-16 infection was reported to be a relatively high incidence in
high-grade lesions due to this infection presenting a high viral load. Noticeably, other hrPHV
types for CIN risk include HPV-18, -31, -33, -45, -52, and -58. Previous research also found
that the probability of high-grade CIN was affected by both the HPV genotype and its viral
load (Adcock et al., 2019). A study has observed that a single infection from a hrPHV genotype
causes the highest risk of cervical lesions. However, it has been observed in cases where co-
infection of multiple HPV genotypes, in regards to high-risk or low-risk HPV genotypes, the
cervical lesion was not higher. This has proven that there is no such synergistic effect in any

of the multiple combinations of HPV infection patterns (Liang et al., 2019; Salazar et al., 2015).

Cervical cancer carcinogenesis is caused by persistent hrPHV infections, which lead to a
progressive transition from precursor lesions to invasive cancer. This process is facilitated by
the dysregulation of both host and viral gene expression due to the integration of viral DNA
into the host genome, resulting in epigenetic modifications. The risk of developing cervical
cancer and cervical lesions varies based on the potential of various subtypes of HPV infection

and the variations in their pathogenicity. Up to 80% of the incidence of cervical cancer can be
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reduced among women presented with precursor lesions with high compliance to treatment and

regular follow-up (Basu et al., 2018).

The HPV proteins, E6 and E7 are the primary oncoproteins contributing to the development of
cervical carcinogenesis by associating with p53 and pRb tumor suppressor protein,
respectively. These two proteins function by targeting various downstream modulators, thereby
affecting critical pathways involved in the development of cancer such as MAPK-, mTORC-,
Whnt-, Notch-, Akt-, and STAT-dependent cascades (Bonab et al., 2021; Pal & Kundu, 2020).
Additionally, these oncoproteins also interact with some other crucial functional proteins (i.e.,
transcription factor and epigenetic regulator) causing some alteration in the activity of gene
expression which could results in cell invasion and tumor progression (as illustrated in Figure
1) (Harden et al., 2017).
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Figure 1: Invasion of cancer cells and progression to metastatic stage in cervical

carcinogenesis.

A study focused on phylogeny and polymorphism in the E6 and E7 gene variants for 14
common HPV genotypes, consist of -16, -31, -33, -52, -58, -51, -53, -66, -18, -39, -59, -68, -6
and -44 were successfully classified into five species groups: a-9 (HPV16, 31, 33, 52, 58), a-5
(HPV51), a-6 (HPV53, 66), a-7 (HPV18, 39, 59, 68) and a-10 (HPV6, 44). The analysis
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revealed that the incident of HSIL was significantly increased in patients infected with o-9
HPV compared to other groups, especially HPV-16 (Zhao et al., 2019).

3.0 MicroRNA and cancer
MiRNAs are short, non-coding RNAs (=28 nucleotides) that regulate the expression of coding

genes. This gene is essential for various biological processes such as cell growth, proliferation,
and cell death. MiRNAs act as negative modulators of gene expression via post-transcriptional
mechanisms (Ge et al., 2018; O’Brien et al., 2018). The activity of microRNA is characterised

by either the degradation of MRNA or the repression of translation (Figure 2).
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Figure 2: Biogenesis of miRNA.

The primary miRNA (Pri-miRNA) is generated in the nucleus before initiating the standard
pathway to form miRNAs. Subsequently, the poly AAA tail's end was cleaved due to the
interaction between the Drosha enzyme and the DGCR8 cofactor, which is associated with the
characteristic hairpin shape of pri-miRNA. This will result in the formation of the precursor
MIRNA (Pre-miRNA). With the aid of exportin 5, pre-miRNA is exported out from the nucleus
to the cytoplasm. Hence, in this stage, the Dicer enzyme cleaved the pre-miRNA and removed
the terminal loop to produce a mature miRNA duplex. With the presence of helicase, the RISC
complex will only guide one of the matured strand miRNAs to the target mRNA. The
interaction of the matured strand of miRNA with target MRNA will lead to translational activity
either to stop or alternatively lead to degradation of mRNA in this condition occurs when
perfect pairing between both miRNA and mRNA occurs (O’Brien et al., 2018; Wu et al., 2018).
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Researchers have been increasingly interested in studying the significant roles of microRNAs
in disease progression particularly in relation to cancer development and progression. In
addition, recent findings have also revealed that long noncoding RNAs (IncRNAs) play a vital
role in the development and progression of cancer by interacting with various regulatory
proteins, including ribonucleoprotein (RNP) complexes, transcriptional factors/co-activators,
and epigenetic modifiers (Vafadar et al., 2019; Zhang et al., 2020). Initial evidence of miRNA
involvement in cancer emerged in 2002, shortly after the discovery of the first human miRNA,
the let-7 family (Lee et al., 2016). This discovery spurred further investigation into the

functions of miRNAs in disease advancement (Reddy, 2015).

Current research indicates that over 50% of miRNA genes are located in cancer-associated
genomic regions. MiRNA dysregulation has been documented in various cancers, highlighting
their potential role in malignancy. Specifically, miRNAs can either promote or inhibit tumor
development by modulating tumor suppressor genes or oncogenes (Chakrabortty et al., 2023).
Tumor-suppressive miRNAs (tsmiRs) are generally under-expressed in malignancies, whereas
oncogenic MiRNAs (oncomiRs) are overexpressed. Depending on the type of cancer and the
miRNAs involved, there may be a considerable reduction in cancer cell proliferation,
metastasis, and/or survival when these oncomiRs or tsmiRs are stimulated or inhibited,
respectively (Svoronos et al., 2016). MiRNA-21 is one of the most frequently expressed
miRNA in various cancers (Elghoroury et al., 2018; Feng & Tsao, 2016; Huang et al., 2013;
Qu et al., 2017; Seputra et al., 2021; Wang et al., 2011; Zamani et al., 2019). Table 1

summarises the differential expression of miRNAS in various cancers.
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MiIRNA Expression

Types of Cancer References
Upregulated Downregulated

Breast miR-9 miR-145 (Kang et al., 2016;
miR-10b miR-199a-5p O’Bryanetal., 2017,
miR-21 miR-200 family Piasecka et al., 2018;
miR-29 miR-203 Zhang et al., 2017)
miR-182-5p miR-205
miR-221/222 miR-329
miR-373 miR-362-3p
miR-374b-5p
miR-942-5p

Lung miR-17-92 cluster let-7 family (Frydrychowicz et
miR-21 miR-15a/16-1 al., 2023; Wu et al.,
miR-93 miR-29 family 2019; Yan et al,
miR-106b miR-34a 2022; Zhong et al.,
miR-155 miR-126 2021)
miR-196b-5p miR-145
miR-210 miR-200 family
miR-372 miR-335
miR-373 miR-451a

Colorectal miR-10b let-7 family (Cui, 2019; Lu et al.,
miR-17 miR-29 family 2020; Ma et al,
miR-31-5p miR-34a 2015; Ramzy et al.,
miR-106b/93/25 cluster miR-101 2015)
miR-106a/363 cluster miR-145
miR-145-5p miR-152-3p
miR-183/96/182 cluster miR-125b
miR-301a-3p miR-488

miR-452
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Hematological miR-21 miR-15a/16-1 (Anelli et al., 2021;
Malignancies miR-17-92 cluster miR-29b Gupta & Rahman,
miR-125b miR-34a 2019; Marco et al.,
miR-146a Let-7 family 2018; Mendiola-
miR-150 miR-143 Soto et al., 2023;
miR-155 miR-9 Testa etal., 2022;
miR-196b Trino et al., 2018;

Yeh et al., 2016)

With advancement of high throughput technology for detection of miRNA quantification such
as next-generation sequencing, microarray, Northern blot-based platforms, and real-time
polymerase chain reaction has made it possible to explore global miRNA profile in the whole
cancer genome and results from a previous investigation have demonstrated that the miRNA
profiles of cancer cells differ significantly from those of normal control cells in the same tissue.
Furthermore, these important discoveries regarding miRNA dysregulation in human cancer
have proven to be a strong diagnostic, classification, and prognostic tool (Dave et al., 2019;
Ouyang et al., 2019; Zhu et al., 2019). It is also demonstrated in many studies, a large high
throughput of miRNA profiling among cancer cases was done for diagnosis and prognosis.
Besides, many researchers utilize potential miRNA as a great biomarker in both cancer
diagnostic and therapeutic targets in cancer management and prognosis (Bertoli et al., 2015;
Cho, 2010; Florczuk et al., 2017; Hasanzadeh et al., 2019; Heneghan et al., 2010; Tan et al.,
2018).

3.1 Roles of miRNAs in the development and progression of cervical cancer
associated with HPV.

MiRNAs have a significant effect on the formation and progress of cervical cancer, especially
in cases caused by hrHPV infection. Biological processes in cervical cancer involve the
modification of miRNA expression by hrHPV oncoproteins, specifically E6 and E7, which

play a role in the development of cancer (Lo Cigno et al., 2024; Malla & Kamal, 2021).

MiRNAs that are dysregulated in cervical cancer have the ability to act as either oncogenes or
tumour suppressors (Doghish et al., 2023). Certain miRNAs, known as oncomiRs, play a

crucial role in the progression of cancer. They achieve this by specifically targeting genes that
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suppress tumour growth, stimulating cell division, and preventing cell death. On the other hand,
in cervical cancer, there may be a decrease in the expression of miRNAs that suppress tumour
growth, resulting in uncontrolled cell proliferation and the development of cancer cells
(Chakrabortty et al., 2023; Han et al., 2015; Tornesello et al., 2020).

MiRNAs play a crucial role in various cancer-related processes, including immune evasion,
angiogenesis, and epithelial-to-mesenchymal transition (EMT), which contribute to the
advancement of cancer (Wu et al., 2024). With their role as important regulators at the post-
transcriptional level, miRNAs play a vital role in the molecular mechanisms responsible for
cervical cancer caused by HPV. Moreover, they show promise as valuable diagnostic

biomarkers and targets for therapeutic interventions (Babion et al., 2020; Tang et al., 2020).

3.2 Differential expression of miRNA in cervical cancer

The roles of oncomiRs and tsmiRs have been reported widely in hrHPV related cervical cancer
(Abbas etal., 2021; Di Fiore et al., 2024; Xu et al., 2023). Hence, understanding both miRNA’s
functions and their roles on how they affect regulation in disease progression is important. The
suppression and inhibition of oncomiRs are essential in inhibiting tumor progression whereas
overexpression of tsmiRs may offer therapeutic benefits for anti-cancer therapy (Abd-Aziz et
al., 2020).

Certain miRNAs are overexpressed in cervical cancer and functioning as oncomiRs, by
targeting tumour suppressor genes, thereby, promoting carcinogenesis. MiR-21 is one the most
significant upregulated miRNA in cervical cancer by inhibiting tumor suppressor genes
(PTEN, RASA1, TIMP3 and AP-1), leading to enhance cell proliferation and invasion thus
suppressing apoptosis (del Mar Diaz-Gonzalez et al., 2019; Gao et al., 2021; Ruan et al., 2020;
Xu et al., 2015; Zamani et al., 2019; Zhang et al., 2016).

Similarly, miR-155 is also upregulated in cervical cancer and is associated with poor prognosis
as well as correlated with lymph nodes metastases and invasion (Fang et al., 2016). This finding
was supported by another study conducted by Li et al. (2019), where miR-155 was significantly
overexpressed in both SiHa and CaSki cervical cell lines.
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In another study, miR-205 was found to be upregulated in human cervical cancer tissue.
Subsequently, in vitro study using Hela cervical cell line revealed that this miRNA regulates
CHNL1 gene by promoting carcinogenesis (Liu et al., 2020). Recent study was done in cervical
tissue sample also reported that this miRNA promotes cell viability and migration by targeting
GATA Binding Protein 3 (GATAS3) (Han & Xu, 2022). In contrast, miR-205 was found to be
downregulated in breast cancer and human glioma (Huo et al., 2016; Yue et al., 2016). This
suggests that similar miRNA can act either oncomiR or tsmiR in different diseases. This is
because single miRNA can regulate multiples genes whereas one gene can be regulated by
multiple miRNAs (Xu et al., 2020).

Conversely, some miRNAs were downregulated in cervical cancer including miR-100 and
miR-375. Transfection of MiR-100 mimics successfully downregulates the expression of
SATBL1 gene in CaSki cervical cell line (Huang et al., 2020). Downregulation of miR-100 has
also been reported in various cancer including breast, colorectal and prostate (Chen et al., 2014;
Gong et al., 2015; Wang et al., 2014). On the other hand, upregulation of miR-100 was
observed in acute myeloid leukaemia, renal cell carcinoma and pancreatic cancer (Sanchez et
al., 2016; Sun et al., 2020; Wang et al., 2013). These studies suggest that the role of miR-100
may differ among different cancer types. Additionally, the expression level of miRNA in the
same cancer could be different depending on different samples obtained such as blood, tissue
or serum plasma (Pritchard et al., 2012). The discrepancies in these findings are still unclear

and further investigation is warranted.

Likewise, a study conducted by Xiao & Zheng (2020), showed that the expression level of
miR-375 was decreased in human cervical squamous cell carcinoma by targeting JAK2 gene.
Similar study was conducted in several gastric cancer cell lines. In the study, miR-375
expression was substantially reduced in all cell lines derived from gastric cancers compared to
the nonmalignant gastric cell line, GES-1. This finding suggests that miR-375 act as tsmiR in
gastric carcinogenesis (Ding et al., 2010). It was also reported that the expression of this
mMIiRNA was downregulated in liver cancer (Xie et al., 2017). Likewise, miR-375 acts as

oncomiR in promoting breast cancer (Tang et al., 2020).

Besides miRNAs that have been discussed, dysregulation of other miRNAs was also reported

in cervical cancer studies as summarized in Table 2.
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MiRNAs Expression References
let-7i Upregulated (Wilting et al., 2013)
miR-25 Upregulated

miR-29b Upregulated

miR-92a Upregulated

miR-106b Upregulated

miR-145 Upregulated

miR-595 Upregulated

miR-26b Downregulated

miR-195 Downregulated

miR-199a-5p Downregulated

miR-365 Downregulated

miR-617 Downregulated

miR-770-5p Downregulated

miR-193b Upregulated (Jiménez-Wences et al., 2016)
miR-218 Downregulated

miR-31 Upregulated (Causin et al., 2021)
miR-93 Upregulated

miR-96-5p Upregulated

miR-200a Upregulated

miR-1 Downregulated

miR-107 Downregulated

miR-143 Downregulated

miR-361-5p Downregulated

miR-383-5p Downregulated

miR-1284 Downregulated
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miR-2861 Downregulated

miR-9 Upregulated (Zeng et al., 2015)

miR-21 Upregulated

miR-376a Downregulated

miR-497 Downregulated

miR-15b Upregulated (Wen et al., 2017)

let-7¢ Downregulated (Malta et al., 2015)
miR-20b Upregulated (Endale et al., 2024)
miR-27a Upregulated

miR-106a Upregulated

miR-146a Upregulated

miR-185 Upregulated

miR-23b Downregulated

miR-203 Downregulated

miR-375 Downregulated

miR-479 Downregulated

4.0 Future directions

The potential of mMiIRNASs as diagnostic and prognostic biomarkers in cervical cancer shows
great promise due to their stability in body fluids, ease of detection, and disease-specific
expression profiles. Research is now more focused on identifying specific miRNA signatures
that can differentiate between benign HPV infections, precancerous lesions, and invasive

cervical cancer. This helps improve early diagnosis and minimise unnecessary treatments.

MiRNAs have the potential to be used as non-invasive biomarkers that can be detected in blood,
cervical smears, or urine. This could potentially enhance the accuracy of current screening
methods, such as the Pap smear and HPV testing. In addition, the identification of dysregulated
miRNAs associated with hrHPV infection could potentially provide a more accurate way to
assess the risk level for patients. This could lead to personalised monitoring and early

intervention strategies.

Furthermore, miRNAs can predict clinical outcomes, including tumour aggressiveness,

likelihood of metastasis, and patient survival. Understanding the interaction between miRNAs
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and resistance to treatments such as chemotherapy or radiotherapy could provide valuable
insights for making updated therapeutic decisions. Looking ahead, the incorporation of miRNA
profiles into clinical practice can completely transform how we approach the early detection,

prognosis, and personalised treatment of cervical cancer.

5.0 Conclusion

In conclusion, miRNAs have significant impacts on the development of hrHPV-related cervical
cancer. They regulate crucial cellular functions including cell proliferation, apoptosis, immune
response, and metastasis. Biological dysregulation of miRNAs, under the influence of hrHPV
oncoproteins, plays both functions as oncogenes and tumour suppressors, thereby playing a
significant role in the initiation and advancement of cervical cancer. Their unique expression
profiles in cervical cancer offer exciting possibilities for their application as diagnostic and
prognostic biomarkers. Further research should prioritise the improvement of miRNA-based
biomarkers for early detection, monitoring disease progression, and tailoring treatment to
individuals. This has the potential to revolutionise how hrHPV-associated cervical cancer is

clinically managed.

Acknowledgement

This research was funded by Ministry of Higher Education (MoHE) Malaysia, under the
Fundamental Research Grant Scheme (FRGS), grant number
FRGS/1/2022/SKK10/UNISZA/02/1.

References

Abbas, M., Mehdi, A., Khan, F. H., Verma, S., Ahmad, A., Khatoon, F., Raza, S. T.,
Afreen, S., Glynn, S. A., & Mahdi, F. (2021). Role of miRNAs in cervical cancer:
a comprehensive novel approach from pathogenesis to therapy. J Gynecol Obstet
Hum Reprod, 50(9), 102159.

Abd-Aziz, N., Kamaruzman, N. I., & Poh, C. L. (2020). Development of microRNAs as
potential therapeutics against cancer. J. Oncol., 2020(1), 8029721.

Adcock, R., Cuzick, J., Hunt, W. C., McDonald, R. M., Wheeler, C. M., Joste, N. E.,
Kinney, W., Wheeler, C. M., Hunt, W. C., & McDonald, R. M. (2019). Role of
HPV genotype, multiple infections, and viral load on the risk of high-grade cervical
neoplasia. Cancer Epidemiol. Biomark. Prev., 28(11), 1816-1824.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9422 to 10

Anelli, L., Zagaria, A., Specchia, G., Musto, P., & Albano, F. (2021). Dysregulation of
mIiRNA in leukemia: exploiting miRNA expression profiles as biomarkers. Int. J.
Mol. Sci., 22(13), 7156.

Arif, K. M. T., Elliott, E. K., Haupt, L. M., & Griffiths, L. R. (2020). Regulatory
mechanisms of epigenetic miRNA relationships in human cancer and potential as
therapeutic targets. Cancers, 12(10), 2922.

Azimi, T., Paryan, M., Mondanizadeh, M., Sarmadian, H., & Zamani, A. (2021). Pap
Smear miR-92a-5p and miR-155-5p as Potential Diagnostic Biomarkers of
Squamous Intraepithelial Cervical Cancer. Asian Pac J Cancer Prev, 22(4), 1271.

Babion, 1., Miok, V., Jaspers, A., Huseinovic, A., Steenbergen, R. D. M., van Wieringen,
W. N., & Wilting, S. M. (2020). Identification of deregulated pathways, key
regulators, and novel mMIRNA-mRNA interactions in HPV-mediated
transformation. Cancers, 12(3), 700.

Bafiuelos-Villegas, E. G., Pérez-yPérez, M. F., & Alvarez-Salas, L. M. (2021). Cervical
Cancer, Papillomavirus, and miRNA Dysfunction. Front. mol. biosci., 8, 758337.

Basu, P., Taghavi, K., Hu, S.-Y., Mogri, S., & Joshi, S. (2018). Management of cervical
premalignant lesions. Curr. Probl. Cancer., 42(2), 129-136.

Bello, B. D., Spinillo, A., Alberizzi, P., Cesari, S., Gardella, B., D’Ambrosio, G.,
Roccio, M., & Silini, E. M. (2009). Cervical infections by multiple human
papillomavirus (HPV) genotypes: prevalence and impact on the risk of
precancerous epithelial lesions. J. Med. Virol., 81(4), 703-712.

Bertoli, G., Cava, C., & Castiglioni, I. (2015). MicroRNAs: new biomarkers for
diagnosis, prognosis, therapy prediction and therapeutic tools for breast cancer.
Theranostics, 5(10), 1122.

Bonab, F. R., Baghbanzadeh, A., Ghaseminia, M., Bolandi, N., Mokhtarzadeh, A.,
Amini, M., Dadashzadeh, K., Hajiasgharzadeh, K., Baradaran, B., & Baghi, H. B.
(2021). Molecular pathways in the development of HPV-induced cervical cancer.
EXCLI J., 20, 320-337.

Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R. L., Soerjomataram, I., & Jemal,
A. (2024). Global cancer statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin, 74(3), 229—
263.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9423 to 10

Bruno, M. T., Cassaro, N., Bica, F., & Boemi, S. (2021). Progression of CIN1/LSIL
HPV persistent of the cervix: actual progression or CIN3 coexistence. Infect Dis
Obstet. Gynecol., 2021(1), 6627531.

Causin, R. L., de Freitas, A. J. A, Filho, C. M. T. H., Dos Reis, R., Reis, R. M., &
Marques, M. M. C. (2021). A Systematic Review of MicroRNAs Involved in
Cervical Cancer Progression. Cells 2021, 10(3), 668.

Chakrabortty, A., Patton, D. J., Smith, B. F., & Agarwal, P. (2023). miRNAs: potential
as biomarkers and therapeutic targets for cancer. Genes, 14(7), 1375.

Chen, P., Xi, Q., Wang, Q., & Wei, P. (2014). Downregulation of microRNA-100
correlates with tumor progression and poor prognosis in colorectal cancer. Med
Oncol. 31, 1-6.

Cho, W. C. S. (2010). MicroRNAs: Potential biomarkers for cancer diagnosis, prognosis
and targets for therapy. Int. J. Biochem. Cell Biol., 42(8), 1273-1281.

Condrat, C. E., Thompson, D. C., Barbu, M. G., Bugnar, O. L., Boboc, A., Cretoiu, D.,
Suciu, N., Cretoiu, S. M., & Voinea, S. C. (2020). miRNAs as biomarkers in
disease: latest findings regarding their role in diagnosis and prognosis. Cells, 9(2),
276.

Cui, Q. (2019). Significance of miR-27a and miR-31 in early diagnosis and prognosis
of colorectal cancer. Oncol. Lett., 18(3), 3092-3096.

Dave, V. P., Ngo, T. A., Pernestig, A.-K., Tilevik, D., Kant, K., Nguyen, T., Wolff, A.,
& Bang, D. D. (2019). MicroRNA amplification and detection technologies:
opportunities and challenges for point of care diagnostics. Lab Invest., 99(4), 452—
469.

del Mar Diaz-Gonzélez, S., Rodriguez-Aguilar, E. D., Meneses-Acosta, A., Valadez-
Graham, V., Deas, J., GoOmez-Cerén, C., Tavira-Montalvan, C. A., Arizmendi-
Heras, A., Ramirez-Bello, J., & Zurita-Ortega, M. E. (2019). Transregulation of
microRNA miR-21 promoter by AP-1 transcription factor in cervical cancer cells.
Cancer Cell Int., 19, 1-15.

Della Fera, A. N., Warburton, A., Coursey, T. L., Khurana, S., & McBride, A. A. (2021).
Persistent human papillomavirus infection. Viruses, 13(2), 321.

Di Fiore, R., Drago-Ferrante, R., Suleiman, S., Calleja, N., & Calleja-Agius, J. (2024).
The role of microRNA-9 in Ovarian and Cervical Cancers: an Updated Overview.
Eur J Surg Oncol, 108546.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9424 to 10

Ding, L., Xu, Y., Zhang, W., Deng, Y., Si, M., Du, Y., Yao, H., Liu, X,, Ke, Y., & Si, J.
(2010). MIiR-375 frequently downregulated in gastric cancer inhibits cell
proliferation by targeting JAK2. Cell Res, 20(7), 784—793.

Doghish, A. S., Ali, M. A,, Elyan, S. S., Elrebehy, M. A., Mohamed, H. H., Mansour,
R. M., Elgohary, A., Ghanem, A., Faraag, A. H. I., Abdelmaksoud, N. M., &
Moustafa, H. A. M. (2023). miRNAs role in cervical cancer pathogenesis and
targeted therapy: Signaling pathways interplay. Pathol. Res. Pract., 244, 154386.

Dragomir, M. P., Knutsen, E., & Calin, G. A. (2022). Classical and noncanonical
functions of miRNAs in cancers. Trends Genet., 38(4), 379-394.

Durzynska, J., Lesniewicz, K., & Poreba, E. (2017). Human papillomaviruses in
epigenetic regulations. Mutat Res, 772, 36-50.

Elghoroury, E. A., EIDine, H. G., Kamel, S. A., Abdelrahman, A. H., Mohammed, A.,
Kamel, M. M., & Ibrahim, M. H. (2018). Evaluation of miRNA-21 and miRNA
Let-7 as prognostic markers in patients with breast cancer. Clin. Breast Cancer,
18(4), e721-€726.

Endale, H. T., Mariye, Y. F., Negash, H. K., Hassen, F. S., Asrat, W. B., Mengstie, T.
A., & Tesfaye, W. (2024). MiRNA in cervical cancer: Diagnosis to therapy:
Systematic review. Heliyon.

Fang, H., Shuang, D., Yi, Z., Sheng, H., & Liu, Y. (2016). Up-regulated microRNA-155
expression is associated with poor prognosis in cervical cancer patients. Biomed
Pharmacother, 83, 64-69.

Feng, Y.-H., & Tsao, C.-J. (2016). Emerging role of microRNA-21 in cancer. Biomed.
Rep., 5(4), 395-402.

Florczuk, M., Szpechcinski, A., & Chorostowska-Wynimko, J. (2017). miRNAs as
biomarkers and therapeutic targets in non-small cell lung cancer: current
perspectives. Target. Oncol., 12, 179-200.

Franczyk, B., Gluba-Brzozka, A., Olszewski, R., Parolczyk, M., Rysz-Gorzynska, M.,
& Rysz, J. (2022). miRNA biomarkers in renal disease. Int. Urol. Nephrol., 54(3),
575-588.

Frydrychowicz, M., Kuszel, L., Dworacki, G., & Budna-Tukan, J. (2023). MicroRNA
in lung cancer—a novel potential way for early diagnosis and therapy. J. Appl.
Genet., 64(3), 459-477.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9425 to 10

Gao, Y., Zou, T., Liang, W., Zhang, Z., & Qie, M. (2021). Long non-coding RNA
HAND2-AS1 delays cervical cancer progression via its regulation on the
microRNA-21-5p/TIMP3/VEGFA axis. Cancer Gene Ther, 28(6), 619-633.

Ge, W, Yi, M., Pak, T. R., Peng, C., O’brien, J., Hayder, H., & Zayed, Y. (2018).
Overview of MicroRNA Biogenesis, Mechanisms of Actions, and Circulation.
Front. Endocrinol., 1, 402.

Gong, Y., He, T., Yang, L., Yang, G., Chen, Y., & Zhang, X. (2015). The role of miR-
100 in regulating apoptosis of breast cancer cells. Sci. Rep., 5(1), 11650.

Gupta, R., & Rahman, K. (2019). Role of microRNA in Normal and Malignant
Hematopoiesis. Saxena, R. and Pati, H. P. (Eds.), Hematopathology: Advances in
Understanding (1st ed., pp. 435-448).

Gupta, S., Kumar, P., & Das, B. C. (2018). HPV: Molecular pathways and targets. Curr.
Probl. Cancer., 42(2), 161-174.

Han, H., & Xu, X. (2022). MiR-205 promotes the viability, migration, and tube
formation of cervical cancer cells in vitro by targeting GATA3. Cancer Biother
Radiopharm., 37(9), 779-791.

Han, Y., Xu, G. X,, Lu, H., Yu, D. H., Ren, Y., Wang, L., Huang, X. H., Hou, W. J.,
Wei, Z. H., Chen, Y.P., Cao, Y. G., & Zhang, R. (2015). Dysregulation of miRNA-
21 and their potential as biomarkers for the diagnosis of cervical cancer. Int J Clin
Exp Pathol, 8(6), 7131.

Harden, M. E., Prasad, N., Griffiths, A., & Munger, K. (2017). Modulation of
microRNA-mRNA target pairs by human papillomavirus 16 oncoproteins. MBio,
8(1), 10-1128.

Hasanzadeh, M., Movahedi, M., Rejali, M., Maleki, F., Moetamani-Ahmadi, M., Seifi,
S., Hosseini, Z., Khazaei, M., Amerizadeh, F., & Ferns, G. A. (2019). The potential
prognostic and therapeutic application of tissue and circulating microRNAS in
cervical cancer. J. Cell. Physiol., 234(2), 1289-1294.

Heneghan, H. M., Miller, N., & Kerin, M. J. (2010). MiRNAs as biomarkers and
therapeutic targets in cancer. Curr Opin Pharmacol, 10(5), 543-550.

Huang, C., Qin, X., Zhao, N., Jin, H., Zhang, S., & Yang, H. (2020). MicroRNA-100
functions as a tumor suppressor in cervical cancer via downregulating the SATB1
expression and  regulating AKT/mTOR  signaling  pathway and
epithelial-to-mesenchymal transition. Oncol. Lett., 20(2), 1336-1344.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9426 to 10

Huang, Y., Yang, Y. B., Zhang, X. H.,, Yu, X. L., Wang, Z. Bin, & Cheng, X. C. (2013).
MicroRNA-21 gene and cancer. Med Oncol., 30(1), 376.

Huo, L., Wang, Y., Gong, Y., Krishnamurthy, S., Wang, J., Diao, L., Liu, C.-G., Liu,
X., Lin, F., & Symmans, W. F. (2016). MicroRNA expression profiling identifies
decreased expression of miR-205 in inflammatory breast cancer. Mod Pathol,
29(4), 330-346.

Igbal, M. A., Arora, S., Prakasam, G., Calin, G. A., & Syed, M. A. (2019). MicroRNA
in lung cancer: role, mechanisms, pathways and therapeutic relevance. Mol. Asp.
Med.70, 3-20.

Jiménez-Wences, H., Martinez-Carrillo, D. N., Peralta-Zaragoza, O., Campos-Viguri,
G. E., Herndndez-Sotelo, D., JIMéNEz-L6PEz, M. A., Mufioz-Camacho, J. G.,
Garzon-Barrientos, V. H., lllades-Aguiar, B., & FeERNaNdez-TILApA, Gl. (2016).
Methylation and expression of miRNAs in precancerous lesions and cervical cancer
with HPV16 infection. Oncol. Rep., 35(4), 2297-2305.

Kang, H., Kim, C., Lee, H., Rho, J. G., Seo, J. W., Nam, J.-W., Song, W. K., Nam, S.-
W., Kim, W., & Lee, E.-K. (2016). Downregulation of microRNA-362-3p and
microRNA-329 promotes tumor progression in human breast cancer. Cell Death
Differ., 23(3), 484—495.

Kim, M., Park, N. J.-Y., Jeong, J. Y., & Park, J. Y. (2021). Multiple human papilloma
virus (HPV) infections are associated with HSIL and persistent HPV infection
status in Korean patients. Viruses, 13(7), 1342.

Laengsri, V., Kerdpin, U., Plabplueng, C., Treeratanapiboon, L., & Nuchnoi, P. (2018).
Cervical Cancer Markers: Epigenetics and microRNAs. Lab. Med., 49(2), 97-111.

Lee, C. Y., Ryu, I. S., Ryu, J.-H., & Cho, H.-J. (2021). miRNAs as therapeutic tools in
Alzheimer’s disease. Int. J. Mol. Sci., 22(23), 13012.

Lee, H., Han, S., Kwon, C. S., & Lee, D. (2016). Biogenesis and regulation of the let-7
miRNAs and their functional implications. Protein & Cell, 7(2), 100-113.

Li, J,, Lai, H., Qin, H., Zhou, D., Zhao, Y., & Sheng, X. (2024). Current status of high-
risk HPV infection and correlation with multiple infections in cervical lesions in
Western Guangzhou. Front. Med., 11, 1252073.

Li, N., Cui, T., Guo, W., Wang, D., & Mao, L. (2019). MiR-155-5p accelerates the
metastasis of cervical cancer cell via targeting TP53INP1. Onco Targets Ther,
3181-3196.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9427 to 10

Liang, Y., Chen, M., Qin, L., Wan, B., & Wang, H. (2019). A meta-analysis of the
relationship between vaginal microecology, human papillomavirus infection and
cervical intraepithelial neoplasia. Infect Agent Cancer., 14, 1-8.

Liu, J., Li, Y., Chen, X., Xu, X., Zhao, H., Wang, S., Hao, J., He, B., Liu, S., & Wang,
J. (2020). Upregulation of miR-205 induces CHN1 expression, which is associated
with the aggressive behaviour of cervical cancer cells and correlated with lymph
node metastasis. BMC Cancer, 20, 1-13.

Lo Cigno, 1., Calati, F., Girone, C., Catozzo, M., & Gariglio, M. (2024). High-risk HPV
oncoproteins E6 and E7 and their interplay with the innate immune response:
Uncovering mechanisms of immune evasion and therapeutic prospects. J. Med.
Virol., 96(6), e29685.

Loh, H.-Y., Norman, B. P., Lai, K.-S., Rahman, N. M. A. N. A,, Alitheen, N. B. M., &
Osman, M. A. (2019). The regulatory role of microRNAs in breast cancer. Int. J.
Mol. Sci., 20(19), 4940.

Lu, C., Jiang, W., Hui, B., Rong, D., Fu, K., Dong, C., Tang, W., & Cao, H. (2020). The
circ_0021977/miR-10b-5p/P21 and P53 regulatory axis suppresses proliferation,
migration, and invasion in colorectal cancer. J. Cell. Physiol., 235(3), 2273-2285.

Luo, M., Shen, D., Wang, W., & Xian, J. (2015). Aberrant expression of microRNA-
26b and its prognostic potential in human cervical cancer. Int J Clin Exp Pathol,
8(5), 5542.

Ma, X., Yan, F., Deng, Q., Li, F., Lu, Z., Liu, M., Wang, L., Conklin, D. J., McCracken,
J., & Srivastava, S. (2015). Modulation of tumorigenesis by the pro-inflammatory
microRNA miR-301a in mouse models of lung cancer and colorectal cancer. Cell
Discov., 1(1), 1-17.

Malla, R., & Kamal, M. A. (2021). E6 and E7 oncoproteins: Potential targets of cervical
cancer. Curr. Med. Chem., 28(39), 8163-8181.

Malta, M., Ribeiro, J., Monteiro, P., Loureiro, J., Medeiros, R., & Sousa, H. (2015). Let-
7c is a candidate biomarker for cervical intraepithelial lesions: a pilot study. Mol
Diagn Ther., 19, 191-196.

Marco, M. Di, Ramassone, A., Pagotto, S., Anastasiadou, E., Veronese, A., & Visone,
R. (2018). MicroRNAs in autoimmunity and hematological malignancies. Int. J.
Mol. Sci., 19(10), 3139.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9428 to 10

Mendiola-Soto, D. K., Barcenas-Lopez, D. A., Pérez-Amado, C. J., Cruz-Miranda, G.
M., Mejia-Aranguré, J. M., Ramirez-Bello, J., Hidalgo-Miranda, A., & Jiménez-
Morales, S. (2023). MiRNAs in hematopoiesis and acute lymphoblastic leukemia.
Int. J. Mol. Sci., 24(6), 5436.

Mohammadi, A., Mansoori, B., & Baradaran, B. (2016). The role of microRNAs in
colorectal cancer. Biomed Pharmacother, 84, 705-713.

Moloudizargari, M., Hekmatirad, S., Mofarahe, Z. S., & Asghari, M. H. (2021).
Exosomal microRNA panels as biomarkers for hematological malignancies. Curr.
Probl. Cancer., 45(5), 100726.

Na, J., Li, Y., Wang, J., Wang, X., Lu, J. L., & Han, S. (2023). The correlation between
multiple HPV infections and the occurrence, development, and prognosis of
cervical cancer. Front. microbiol., 14, 1220522.

O’Brien, J., Hayder, H., Zayed, Y., & Peng, C. (2018). Overview of microRNA
biogenesis, mechanisms of actions, and circulation. Front. Endocrinol., 9, 402,

O’Bryan, S., Dong, S., Mathis, J. M., & Alahari, S. K. (2017). The roles of oncogenic
miRNAs and their therapeutic importance in breast cancer. Eur. J. Cancer, 72, 1—
11.

Okunade, K. S. (2020). Human papillomavirus and cervical cancer. J. Obstet. Gynecol.,
40(5), 602-608.

Ouyang, T., Liu, Z., Han, Z., & Ge, Q. (2019). MicroRNA detection specificity: recent
advances and future perspective. Anal. Chem., 91(5), 3179-3186.

Pal, A., & Kundu, R. (2020). Human papillomavirus E6 and E7: the cervical cancer
hallmarks and targets for therapy. Front. microbiol., 10, 3116.

Piasecka, D., Braun, M., Kordek, R., Sadej, R., & Romanska, H. (2018). MicroRNAs in
regulation of triple-negative breast cancer progression. J. Cancer Res. Clin. Oncol.,
144, 1401-1411.

Pritchard, C. C., Cheng, H. H., & Tewari, M. (2012). MicroRNA profiling: approaches
and considerations. Nat. Rev. Genet., 13(5), 358-369.

Qu, K., Zhang, X., Lin, T., Liu, T., Wang, Z., Liu, S., Zhou, L., Weli, J., Chang, H., &
Li, K. (2017). Circulating miRNA-21-5p as a diagnostic biomarker for pancreatic
cancer: evidence from comprehensive miRNA expression profiling analysis and
clinical validation. Sci. Rep., 7(1), 1692.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9429 to 10

Ramzy, I., Hasaballah, M., Marzaban, R., Shaker, O., & Soliman, Z. A. (2015).
Evaluation of microRNAs-29a, 92a and 145 in colorectal carcinoma as candidate
diagnostic markers: An Egyptian pilot study. Clin Res Hepatol Gastroenterol,
39(4), 508-515.

Reddy, K. B. (2015). MicroRNA (miRNA) in cancer. Cancer Cell Int., 15(1), 38.

Rousseau, M.-C., Pereira, J. S., Prado, J. C. M., Villa, L. L., Rohan, T. E., & Franco, E.
L. (2001). Cervical coinfection with human papillomavirus (HPV) types as a
predictor of acquisition and persistence of HPV infection. J. Infect. Dis., 184(12),
1508-1517.

Rs, J. (2021). The immune microenvironment in human papilloma virus-induced
cervical lesions—Evidence for estrogen as an immunomodulator. Front. cell.
infect. microbiol., 11, 649815.

Ruan, F., Wang, Y., & Chai, Y. (2020). Diagnostic values of miR-21, miR-124, and M-
CSF in patients with early cervical cancer. Technol Cancer Res Treat, 19,
1533033820914983.

Salazar, K. L., Zhou, H. S., Xu, J., Peterson, L. E., Schwartz, M. R., Mody, D. R., & Ge,
Y. (2015). E-Mail Gynecologic Cytopathology Multiple Human Papilloma Virus
Infections and Their Impact on the Development of High-Risk Cervical Lesions.
Acta Cytol., 59, 391-398. https://doi.org/10.1159/000442512

Salcedo, M. P., Phoolcharoen, N., & Schmeler, K. M. (2022). 29 - Intraepithelial
neoplasia of the lower genital tract (cervix, vagina, vulva): Etiology, Screening,
Diagnosis, Management. In D. M. Gershenson, G. M. Lentz, F. A. Valea, & R. A.
Lobo (Eds.), Comprehensive Gynecology (8th ed., pp. 637-647).

Sanchez, C. A., Andahur, E. I., Valenzuela, R., Castellon, E. A., Fullg, J. A., Ramos, C.
G., & Trivifio, J. C. (2016). Exosomes from bulk and stem cells from human
prostate cancer have a differential microRNA content that contributes
cooperatively over local and pre-metastatic niche. Oncotarget, 7(4), 3993.

Seputra, K. P., Purnomo, B. B., Susianti, H., Kalim, H., & Purnomo, A. F. (2021).
mMiRNA-21 as reliable serum diagnostic biomarker candidate for metastatic
progressive prostate cancer: meta-analysis approach. Arch. Med., 75(5), 347.

Serrano, B., Brotons, M., Bosch, F. X., & Bruni, L. (2018). Epidemiology and burden
of HPV-related disease. Best Pract Res Clin Obstet Gynaecol, 47, 14-26.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9430 to 10

Shanmugasundaram, S., & You, J. (2017). Targeting persistent human papillomavirus
infection. Viruses, 9(8), 229.

Snoek, B. C., Babion, I., Koppers-Lalic, D., Pegtel, D. M., & Steenbergen, R. D. (2019).
Altered microRNA processing proteins in HPV-induced cancers. Curr Opin Virol,
39, 23-32.

Sun, Y., Wang, H., & Luo, C. (2020). MiR-100 regulates cell viability and apoptosis by
targeting ATM in pediatric acute myeloid leukemia. Biochem Biophys Res
Commun, 522(4), 855-861.

Svoronos, A. A., Engelman, D. M., & Slack, F. J. (2016). OncomiR or tumor
suppressor? The duplicity of MicroRNAs in cancer. Cancer Research. 76(13),
3666-3670.

Szymonowicz, K. A., & Chen, J. (2020). Biological and clinical aspects of HPV-related
cancers. Cancer Biol Med, 17(4), 864.

Tan, W., Liu, B., Qu, S., Liang, G., Luo, W., & Gong, C. (2018). MicroRNAs and
cancer: Key paradigms in molecular therapy (Review). Oncol. Lett. 15(3), 2735—
2742,

Tang, W., Li, G.-S,, Li, J.-D., Pan, W.-Y., Shi, Q., Xiong, D.-D., Mo, C.-H., Zeng, J.-J.,
Chen, G., & Feng, Z.-B. (2020). The role of upregulated miR-375 expression in
breast cancer: an in vitro and in silico study. Pathol. Res. Pract., 216(1), 152754.

Tang, Y., Zhao, Y., Ran, J., & Wang, Y. (2020). MicroRNA-21 promotes cell metastasis
in cervical cancer through modulating epithelial-mesenchymal transition. Oncol
Lett., 19(4), 3289-3295.

Testa, U., & Pelosi, E. (2022). MicroRNA in leukemia. Xiao, J. (Eds.), MicroRNA (pp.
429-468).

Tornesello, M. L., Faraonio, R., Buonaguro, L., Annunziata, C., Starita, N., Cerasuolo,
A., Pezzuto, F., Tornesello, A. L., & Buonaguro, F. M. (2020). The Role of
microRNAs, Long Non-coding RNAs, and Circular RNAs in Cervical Cancer.
Front. oncol., 10, 503216.

Trino, S., Lamorte, D., Caivano, A., Laurenzana, l., Tagliaferri, D., Falco, G., Del
Vecchio, L., Musto, P., & De Luca, L. (2018). MicroRNAs as new biomarkers for
diagnosis and prognosis, and as potential therapeutic targets in acute myeloid
leukemia. Int. J. Mol. Sci., 19(2), 460.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9431 to 10

Vafadar, A., Shabaninejad, Z., Movahedpour, A., Mohammadi, S., Fathullahzadeh, S.,
Mirzaei, H. R., Namdar, A., Savardashtaki, A., & Mirzaei, H. (2019). Long non-
coding RNAs as epigenetic regulators in cancer. Curr. Pharm. Des., 25(33), 3563—
3577.

Wang, G., Chen, L., Meng, J., Chen, M., Zhuang, L., & Zhang, L. (2013).
Overexpression of microRNA-100 predicts an unfavorable prognosis in renal cell
carcinoma. Int. Urol. Nephrol., 45, 373-379.

Wang, M., Ren, D., Guo, W., Wang, Z., Huang, S., Du, H., Song, L., & Peng, X. (2014).
Loss of miR-100 enhances migration, invasion, epithelial-mesenchymal transition
and stemness properties in prostate cancer cells through targeting Argonaute 2. Int.
J. Oncol., 45(1), 362-372.

Wang, Z., Bian, H., Wang, J., Cheng, Z., Wang, K., & De, W. (2011). Prognostic
significance of serum miRNA-21 expression in human non-small cell lung cancer.
J. Surg. Oncol., 104(7), 847-851.

Wen, F., Xu, J.-Z.,, & Wang, X.-R. (2017). Increased expression of miR-15b is
associated with clinicopathological features and poor prognosis in cervical
carcinoma. Arch Gynecol Obstet, 295, 743-749.

Wilting, S. M., Snijders, P. J. F., Verlaat, W., Jaspers, A. vd, Van De Wiel, M. A, Van
Wieringen, W. N., Meijer, G. A., Kenter, G. G., Yi, Y., & Le Sage, C. (2013).
Altered microRNA expression associated with chromosomal changes contributes
to cervical carcinogenesis. Oncogene, 32(1), 106-116.

Wu, K., He, J., Pu, W., & Peng, Y. (2018). The Role of Exportin-5 in MicroRNA
Biogenesis and Cancer. Genomics Proteomics Bioinformatics, 16(2), 120-126.

Wu, K.-L., Tsai, Y.-M., Lien, C.-T., Kuo, P.-L., & Hung, J.-Y. (2019). The roles of
MicroRNA in lung cancer. Int. J. Mol. Sci., 20(7), 1611.

Wu, S, Jin, P., Wang, D., Wang, C., & Xu, T. (2024). The relationship between
microRNAs and EMT process in cervical cancer. Cancer in Females, 1.

Xiao, H., & Zheng, L. (2020). The downregulation of microRNA-375 in human cervical
squamous cell carcinoma promotes invasion and migration by targeting JAK2. Eur.
J. Gynaecol. Oncol., 41(6), 982-988.

Xie, D., Yuan, P., Wang, D., Jin, H., & Chen, H. (2017). Expression and prognostic
significance of miR-375 and miR-221 in liver cancer. Oncol. Lett., 14(2), 2305-
2309.



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9432 to 10

Xu, J., Zhang, W., Lv, Q., & Zhu, D. (2015). Overexpression of miR-21 promotes the
proliferation and migration of cervical cancer cells via the inhibition of PTEN.
Oncol Rep, 33(6), 3108-3116.

Xu, P., Wu, Q., Yu, J,, Rao, Y., Kou, Z., Fang, G., Shi, X., Liu, W., & Han, H. (2020).
A systematic way to infer the regulation relations of miRNAs on target genes and
critical miRNAs in cancers. Front. genet., 11, 278.

Xu, Y., Sun, Y., Song, X., & Ren, J. (2023). The mechanisms and diagnostic potential
of IncRNAs, miRNAs, and their related signaling pathways in cervical cancer.
Front. cell dev. biol., 11, 1170059.

Yan, H., Tang, S., Tang, S., Zhang, J., Guo, H., Qin, C., Hu, H., Zhong, C., Yang, L., &
Zhu, Y. (2022). miRNAs in anti-cancer drug resistance of non-small cell lung
cancer: Recent advances and future potential. Front. pharmacol., 13, 949566.

Yeh, C.-H., Moles, R., & Nicot, C. (2016). Clinical significance of microRNAs in
chronic and acute human leukemia. Mol. Cancer, 15, 1-16.

Yue, X., Lan, F., Hu, M., Pan, Q., Wang, Q., & Wang, J. (2016). Downregulation of
serum microRNA-205 as a potential diagnostic and prognostic biomarker for
human glioma. J. Neurosurg., 124(1), 122-128.

Zamani, S., Sohrabi, A., Hosseini, S. M., Rahnamaye-Farzami, M., & Akbari, A. (2019).
Deregulation of miR-21 and miR-29a in cervical cancer related to HPV infection.
Microrna, 8(2), 110-115.

Zeng, K., Zheng, W., Mo, X., Liu, F., Li, M., Liu, Z., Zhang, W., & Hu, X. (2015).
Dysregulated microRNAs involved in the progression of cervical neoplasm. Arch
Gynecol Obstet, 292, 905-913.

Zhang, K., Wang, Y.-W., Wang, Y.-Y., Song, Y., Zhu, J., Si, P.-C., & Ma, R. (2017).
Identification of microRNA biomarkers in the blood of breast cancer patients based
on microRNA profiling. Gene, 619, 10-20.

Zhang, L., Zhan, X., Yan, D., & Wang, Z. (2016). Circulating microRNA-21 is involved
in lymph node metastasis in cervical cancer by targeting RASAL. Int J Gynecol
Cancer, 26(5).

Zhang, X.-Z., Liu, H., & Chen, S.-R. (2020). Mechanisms of long non-coding RNAs in
cancers and their dynamic regulations. Cancers, 12(5), 1245.

Zhao, J., Zhan, Q., Guo, J., Liu, M., Ruan, Y., Zhu, T., Han, L., & Li, F. (2019).
Phylogeny and polymorphism in the E6 and E7 of human papillomavirus: alpha-9



Nur Natasya Syafika Mohd Rasidi/Afr.J.Bio.Sc. 6(15) (2024) Page 9433 to 10

(HPV16, 31, 33, 52, 58), alpha-5 (HPV51), alpha-6 (HPV53, 66), alpha-7 (HPV18,
39, 59, 68) and alpha-10 (HPV6, 44) in women from Shanghai. Infect Agent
Cancer, 14(1), 38.

Zhong, S., Golpon, H., Zardo, P., & Borlak, J. (2021). miRNAs in lung cancer. A
systematic review identifies predictive and prognostic miRNA candidates for
precision medicine in lung cancer. Transl Res, 230, 164-196.

Zhou, S., Jin, J., Wang, J., Zhang, Z., Freedman, J. H., Zheng, Y., & Cai, L. (2018).
miRNAS in cardiovascular diseases: potential biomarkers, therapeutic targets and
challenges. Acta Pharmacol. Sin., 39(7), 1073-1084.

Zhu, C., Zhu, L., Tan, D., Qiu, X., Liu, C., Xie, S., & Zhu, L. (2019). Avenues toward
microRNA detection in vitro: a review of technical advances and challenges.
Comput Struct Biotechnol J, 17, 904-916.



