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ABSTRACT 

Circulating microRNAs (miRNAs) in plasma have emerged as promising 

biomarkers for various cancers, including cervical cancer. This study 

investigates the profile of circulating miRNAs in the plasma of cervical cancer 

patients and their potential role in diagnosis and prognosis. Plasma samples 

were collected from a cohort of 19 cervical cancer patients and 21 age-

matched non-cancerous patients. We identified a panel of differentially 

expressed miRNAs associated with cervical cancer using quantitative real-

time PCR. Notably, miR-27a, and miR-155, exhibited significant upregulation 

in the patient group compared to non-cancerous patients. Furthermore, 

receiver operating characteristic (ROC) analysis demonstrated the potential of 

these miRNAs as biomarkers, with area under the curve (AUC) values 

exceeding 0.7. Correlation analyses revealed that elevated levels of these 

miRNAs were associated with advanced clinical stages and poorer overall 

survival rates. Our findings suggest that circulating miRNAs in plasma could 

serve as non-invasive biomarkers for cervical cancer, aiding in early diagnosis 

and personalized treatment strategies. Further validation in larger cohorts is 

warranted to confirm their clinical utility. 
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CHAPTER ONE 

 INTRODUCTION 

This chapter describes the background, problem statement, hypothesis, 

objective and specific objectives, research questions, significance of the study, 

and study organization.  

1.0 Background of the study 

Human papillomavirus is a group of more than 200 related viruses, of which 

over 40 could infect the genital area, mouth, and throat. Certain kinds of 

Human papillomavirus have been categorized as high-risk because they are 

linked to several cancers, such as oropharyngeal, cervical, and anal cancers 

(Borroso et al., 2022). Usually, sexual contact is how the Human 

papillomavirus can be spread. Although the Human papillomavirus might raise 

the risk of certain cancers, warts are a common sign. The Human 

papillomavirus could be spread mainly through close skin-to-skin contact. 

Though most sexually active people may contract Human papillomavirus at 

some point, many infections remain asymptomatic and disappear 

independently (Saintibert, J. 2024). Prolonged exposure to high-risk Human 

papillomavirus strains is the main cause of cervical cancer risk. Additional risk 

factors include using oral contraceptives for an extended period, smoking, and 

having several sexual partners (World Health Organization, 2021). Persistent 

Human papillomavirus infections can cause precancerous alterations and 

cancer, but most infections are cleared by the immune system (Saintibert, J. 

2024). Though high-risk Human papillomavirus strains can be detected in 

cervical cells by Human papillomavirus DNA testing, this test is particularly 

advised for women 30 years of age and older, frequently in conjunction with 
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Pap smears, to improve cervical cancer screening (World Health Organization, 

2021). The presence of high-risk HPV is indicated by a positive Human 

papillomavirus DNA test, which may call for additional diagnostic testing 

(World Health Organization, 2021). Samples utilized for Human 

papillomavirus DNA testing include self-collected vaginal swabs, cervical 

swabs, and liquid-based cytology samples, etc.  

According to the World Health Organization, 2021, there were 604, 

000 cervical cancer diagnoses with an estimated number of 342,000 deaths 

worldwide among women. This life-threatening illness is mostly caused by 

the human papillomavirus (HPV).  The main risk factors for cervical 

carcinogenesis are long-lasting, high-risk HPV types 16 and 18 infections. 

However, invasive illness only occurs in a tiny proportion of women with 

morphologically expressed HPV infection, showing that other factors were 

probably connected with the occurrence of cervical cancer. Due to improper 

detection at the earliest stages of the disease, the mortality rate for cervical 

cancer is greater in developing nations (Sankaranarayanan et al.,2001).  

 With regards to histology, cervical cancer can be categorized into two, 

namely: Squamous cell carcinoma, which results from intraepithelial neoplasia 

of the cervical epithelium and accounts for about 80% of cases of cervical 

cancer, and 5–20 percent of cases are adenocarcinomas, which result from 

glandular dysplasia and intraepithelial adenocarcinomas (Müller,2013). 

Cervical intraepithelial neoplasia (CIN) can be divided into two types: CIN1 

(low-grade CIN), and CIN2–3 (high-grade CIN). High-grade CIN could occur 

two to three years after a high risk of HPV infection, which may culminate in 

cervical cancer after 10 years (Nagamitsu et al., 2016). However, cervical 
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cancer could also be staged using the International Federation of Gynaecology 

and Obstetrics (FIGO) system. The four main stages are 1, 2, 3 and 4, with 

substages of 1A, 1A1, 1A2, 1B, 1B1, 1B2, 2A, 2A1, 2A2, 2B1, 3A, 3B, 3C, 

3C1, 3C2, 4A, and 4B which account for the different features of cervical 

cancer (Lee, S. I., & Atri, M. 2019). 

A study by Etzioni et al. (2003) proposed that a wide array of 

therapeutic techniques would be readily available, and the diseased condition 

would be cured if cervical cancer is detected early before it progresses to an 

invasive condition. However, the disease exhibits symptoms and signs which 

include vaginal bleeding with or without discharge and pelvic pain, typically 

in its advanced stage. Pap smear, colposcopy, and the Visual Inspection with 

Acetic Acid (VIA) test are a few examples of diagnostic procedures. The Pap 

smear test's sensitivity, specificity, positive predictive value, and negative 

predictive value were evaluated, and they were discovered to have 

corresponding values of 54.8%, 81.70%, 47.20%, and 85.80%. (Honarvar, 

Kermani, & Robati, 2021).  Even though the invasiveness of these 

procedures limits their efficiency, colposcopy, and random biopsies may be 

able to detect some early stages of cervical cancer. Though Cervical 

intraepithelial neoplasia (CIN) has been asymptomatic and difficult to detect 

with palpation or physical examination, using these techniques to diagnose the 

condition may not always be successful (Jia et al., 2015). To monitor and 

forecast cervical cancer, however, the two most common serum tumor 

indicators were squamous cell carcinoma (SCC) antigen and carbohydrate 

antigen 125 (CA125). Neither one of these biomarkers, however, was specific 

to this cancer. In light of this, for early detection of malignancies, it is relevant 
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to take into account more precise, accurate, and non-invasive biomarkers to 

lower global morbidity and mortality. Available treatments could be used to 

cure patients with cervical cancer when detected in its early stages (WHO, 

2020). This necessitates another dimension of research involving the use of 

microRNA. The non-coding ribonucleic acids known as microRNAs, which 

are about 19–24 nucleotide (nt) in length and are primarily dysregulated in 

cancer, have proven to be particularly helpful as tissue-based markers for 

cancer classification (Sorensen et al.,2013; Li et al.,2010).  

 MicroRNAs target the transcripts of proto-oncogenes or tumor 

suppressors in a variety of tumor forms (Wang et al.,2008). Tumor-suppressor 

microRNAs (tsmiRs) and oncogenic microRNAs (oncomiRs) are two different 

categories of microRNAs (Svoronos et al.,2016). OncomiRs are frequently 

displayed, which promotes the growth of tumors and maintains their 

phenotypic characteristics. The tsmiRs, however, suppress carcinogenesis by 

regulating apoptosis, invasion, and other cancer-related processes in cells. In 

the majority of human malignancies, these tsmiRs are often downregulated 

(Ali et al., 2020). Previous research by (Pereira et al.,2010; Hu et al., 2010) 

has highlighted the various tissue microRNA expression profiles in cervical 

cancer with accurate prognosis and diagnosis. Although microRNA appears to 

be helpful in diagnosis, its global patterns of expression in patients with 

cervical cancer plasma have not yet been discovered (Jia et al., 2015). Given 

that microRNA may be found in the majority of bodily fluids, including 

plasma, this emphasizes the necessity for more investigation into microRNAs' 

potential as biomarkers. In addition, this diagnostic procedure is less invasive 

and cost-effective (Yang et al., 2013). 
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Most microRNAs are known to regulate their target mRNA through diverse 

physiological and pathological mechanisms and have been discovered to be 

inappropriately expressed in a variety of human cancers (Sohel, 2016). It is 

well known that microRNA binds to the 3'-UTR of target mRNA to impede 

translation of the target mRNA (O’Brien, Hayder, Zayed, & Peng, 2018). This 

could also result in target mRNA degradation. MicroRNAs have the potential 

to control about one-third of human genes, which can have up to 1,000 targets 

(O’Brien, Hayder, Zayed, & Peng, 2018). About 50% of microRNAs located 

in the genomic region are closely linked with cancer (Miao et al., 2020; 

Nagamitsu et al., 2016). These serve as sufficient reasons to research the 

different expression profiles of microRNA for specific cancers (Miao et al., 

2020). 

1.1 Problem Statement 

Cervical cancer is a major worldwide health concern, especially in areas with 

limited resources. Traditional screening methods like Pap smears and HPV 

tests are crucial for early diagnosis, but they are usually associated with a 

variety of disadvantages, including discomfort when sampling, invasiveness, 

and logistical challenges. These factors have led to reduced screening uptake 

and delayed diagnosis, contributing to higher mortality rates. There is 

therefore a critical need for non-invasive, trustworthy biomarkers that can 

improve early identification, monitor treatment responses, and risk-based 

patient stratification because existing cervical cancer screening techniques, 

such as Pap smears and HPV testing, might overlook precancerous lesions or 

early-stage malignancies (Sharma et al., 2019). Recent research has identified 

microRNAs (miRNAs) which are short, non-coding RNA molecules that 
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regulate gene expression and are involved in cancer progression. miRNAs 

serve as potential non-invasive biomarkers, offering a promising alternative 

for the early detection of cervical cancer and monitoring of treatment in 

diagnosed patients. According to research, miRNAs, like miR-21 and miR-

145, are dysregulated in cervical cancer and may be used as non-invasive 

indicators for early observation (Gonzalez et al., 2017; Zhang et al., 2018). 

           This study determined the expression patterns of circulating plasma 

microRNAs and their potential use as diagnostic and prognostic biomarkers in 

cervical cancer.  

1.2 Aim 

The general aim of this study was to assess the expression patterns of 

microRNA that are differently expressed in cervical cancer patients on or not 

on therapy and non-cancerous patients. 

1.3 Specific objectives 

The study aims to accomplish the following  

1. To identify the expression patterns of microRNAs such as miR-

146a, miR-29a, miR-29b, miR-34a, miR-233, miR-155, and miR-

27a that are differently expressed among cervical cancer patients on 

therapy, cervical cancer patients not on therapy and non-cancerous 

patients.  

2. To identify the expression patterns of microRNAs such as miR-

146a, miR-29a, miR-29b, miR-34a, miR-233, miR-155, and miR-

27a that are differently expressed in cervical cancer patients based 

on the FIGO stages of cervical cancer.  
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3. To identify the effect of microRNAs such as miR-146a, miR-29a, 

miR-29b, miR-34a, miR-233, miR-155, and miR-27a that are 

differently expressed in cervical cancer patients on therapy. 

4. To determine the diagnostic performance of the expression pattern of 

microRNAs such as miR-146a, miR-29a, miR-29b, miR-34a, miR-

233, miR-155, and miR-27a that are differently expressed in cervical 

cancer patients, not on therapy and non-cancerous patients using the 

Receiver Operating Characteristic (ROC) curve. 

1.4 Research questions 

1. What microRNAs such as miR-146a, miR-29a, miR-29b, miR-34a, 

miR-233, miR-155, and miR-27a are differentially expressed among 

cervical cancer patients on therapy, cervical cancer patients not on 

therapy and non-cancerous patients that could serve as diagnostic, 

prognostic or treatment marker? 

2. What microRNAs such as miR-146a, miR-29a, miR-29b, miR-34a, 

miR-233, miR-155, and miR-27a are differentially expressed 

between cervical cancer patients based on the FIGO stages of 

cervical cancer? 

3.  What is the effect of microRNAs such as miR-146a, miR-29a, miR-

29b, miR-34a, miR-233, miR-155, and miR-27a that 

are differentially expressed among cervical cancer patients on 

therapy? 

4. What is the diagnostic performance of the expression patterns of 

microRNAs such as miR-146a, miR-29a, miR-29b, miR-34a, miR-

233, miR-155, and miR-27a among cervical cancer patients not on 
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therapy and non-cancerous patients using the Receiver Operating 

Characteristic (ROC) curve? 

1.5 Hypothesis 

H1: There is a significant difference among microRNAs that are differently 

expressed in cervical cancer patients on or not on therapy and healthy 

individuals. 

H0: There is no significant difference among microRNAs that are differently 

expressed in cervical cancer patients on or not on therapy and healthy 

individuals. 

1.6 Significance of the study  

Worldwide, cervical cancer is a serious health risk for women, hence efficient 

and reliable screening methods are required.  Traditional techniques, such 

as HPV testing and Pap smears, are crucial for early detection but several 

drawbacks have reduced their efficacy. Many women find pelvic exams and 

cervical swabbing, which are traditional screening methods, to be frightening 

and uncomfortable, and this may deter them from regularly participating in 

screening programs (Schiffman et al., 2016). Women may find it challenging 

to obtain timely screenings in low-resource environments due to limited access 

to healthcare facilities and trained specialists in sample taking. The problem is 

further complicated by the requirement for clinical facilities and qualified 

personnel (World Health Organization, 2021).  

 Traditional screening methods may again yield false results, leading to 

unnecessary anxiety, additional testing, or missed diagnoses. This unreliability 

can erode trust in the screening process (Sharma et al., 2019). In contrast to 

these standard screening methods, research has shown that microRNAs 
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(miRNAs) from blood could be used as viable alternative biomarkers. Specific 

miRNAs are differentially expressed in cervical cancer patients compared to 

healthy individuals, indicating their potential for early detection (Zhang et al., 

2018). Early identification can significantly improve treatment outcomes. 

Utilizing miRNA-based testing from blood could reduce the costs linked to 

traditional screening methods, as non-invasive testing may require fewer 

resources and infrastructure (Sharma et al., 2019). Studies have demonstrated 

that miRNAs such as miR-21 and miR-145 are promising candidates for 

cervical cancer biomarkers, showing significant differences in expression 

levels between cancerous and non-cancerous tissues (Gonzalez et al., 2017). 

Implementing miRNA testing from blood could enhance accessibility to 

cervical cancer screening, particularly in underserved populations, thereby 

reducing disparities in healthcare access (World Health Organization, 2021). 

In 2016, Peng and Croce conducted a study in which they discovered that 

microRNA from blood was vital for the advancement, progression, and 

therapeutic targets of cervical cancer.  

           The findings of this research would provide preliminary data that could 

serve as a push to further advocate for the use of microRNAs from plasma in 

early diagnosis and prognosis in cervical cancer patients.  

1.7 Delimitation 

The research is a cross-sectional study and the main areas of attention were 

Cape Coast in Ghana's Central Region and Kumasi in Ghana's Ashanti 

Region. Samples were obtained from the Obstetrics and Gynaecology Unit of 

Cape Coast Teaching Hospital and the Oncology Department of the Komfo 

Anokye Teaching Hospital. The total number of samples obtained was 40 
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using a convenient sampling technique, thus, samples were taken from 

available participants that were willing to partake in the study after answering 

the well-structured questionnaire. Socio-demographics of the participants were 

collected. 

1.8 Limitation  

Two selected teaching hospitals were used for the study's sample collection 

and because these hospitals were referral centers, only data available was 

used. Even though the sample size used was within the acceptable range, it 

was relatively small and may affect the generalization of the result in certain 

instances. Data was collected from females between the ages of 24 to 60 years. 

The study design was cross-sectional rather than longitudinal study. The 

duration was based on the timelines given to complete the academic exercise, 

however, the number of participants that enrolled in the study was limited 

because we used available samples at each selected teaching hospital within 

the time frame. 

1.9 Definition of terms 

Human Papillomavirus (HPV) Infection: HPV infection is a sexually 

transmitted infection caused by the human papillomavirus, some high-risk 

types of HPV can lead to cervical cancer and other anogenital cancers, as well 

as oropharyngeal cancers.  

Cervical cancer: A specific form of cancer that affects the uterine cervix.   

HIV: The human immunodeficiency virus is an infection that damages the 

body's immune system. 

MicroRNA: This is a 21–23 nucleotide, single-stranded, tiny non-coding RNA 

molecule.  
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1.12 Organization of the Study 

 Five (5) chapters make up the study's framework.  

CHAPTER ONE: As a result, the first chapter describes the background of the 

entire study, knowledge gaps, the purpose of the investigation, and the 

research issues that had to be addressed.  

CHAPTER TWO: This chapter reviews the available literature. therefore, it 

includes information on the epidemiological traits of cervical cancer, theories 

of microRNA as well as the biogenesis of those traits. Regarding this work, 

many comparable research and reports that have been published locally and 

internationally are reviewed.  

CHAPTER THREE: This comprises the numerous tools, supplies, and 

reagents employed during the study. An overview of the research 

methodology was provided, including a discussion of the study design, study 

location, sample size, data collection, sample collection, target population, 

inclusion and exclusion criteria, laboratory procedures, analysis, and ethical 

clearance.  

CHAPTER FOUR: This comprises the discussion of the major findings as 

well as the study's results. The explanation of the findings, with a focus on 

how the data compares or diverges from previously collected data. The study's 

goals were discussed in the discussions.  

 CHAPTER FIVE: The background and conclusions of the study's findings 

were summarized in the last chapter, which also addresses the study's goals 

and objectives. Based on the investigation, a conclusion was drawn, along 

with some suggestions.  
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1.10 Chapter Summary 

In conclusion, this chapter provides an overview of the study's background, 

with a focus on essential terms including HPV infection, cervical cancer, HIV, 

and microRNA. Additionally, the main objectives of the study are outlined, 

along with the precise queries it aims to address. The study's goals, including 

knowledge gaps, contradictions, and the use of study data, are further 

explained in this chapter.  
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 CHAPTER TWO 

 LITERATURE REVIEW 

2.0 Introduction 

This chapter discusses articles and research on the causes of cervical cancer 

and the patterns of microRNA expression in patient plasma. The literature 

review in Chapter 2 examines the thematic areas of the research objectives. 

These include the Genome of HPV, the Global HPV infection rate, HPV 

infection rates in West Africa, HPV infection rates in Africa, Classification of 

HPV, Risk factors of HPV, Specimens used for HPV testing, WHO 

Recommendations for HPV DNA screening, the Genome of cervical cancer, 

the Global cervical cancer infection rate, cervical cancer infection rates in 

West Africa, cervical cancer infection rates in Africa, Classification of 

cervical cancer, Risk factors of cervical cancer, diagnosis for cervical cancer, 

WHO Recommendations for cervical cancer screening, the epidemiology of 

HPV and cervical cancer, theories of microRNA, functions of microRNA in 

cervical cancer, microRNA expression patterns in cervical cancer patients on 

therapy, and those not on therapy, and patterns of microRNA expression in 

patients with or without HIV who have cervical cancer.   

Although Human papillomavirus (HPV), may infect a range of 

anatomical sites, including the neck, anogenital organs, oral cavity, and 

pulmonary cavities, the majority of studies and publications have found that 

over 95% of instances of cervical cancer are caused by the most prevalent 

etiologic pathogen, HPV (Katsenos & Becker,2011; Pierce et al.,2016). 

Certain human papillomavirus (HPV) genotypes increase the likelihood of 

malignant lesions developing. On the other hand, viruses are not the only 
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factor in this disease's development. Other behavioral factors can influence the 

development of cancer including prolonged use of hormonal birth control, 

smoking, initial sexual encounters at an early age with unknown status of 

partners, family history, having numerous partners, and decreased immunity 

(Song et al.,2015). It has been known for the past 30 years that persistent high-

risk HPV infection results in intraepithelial alterations at the squamous-

columnar junction that eventually leads to cancer (Castellsague, 2008). 

In 2018, 6.6 percent of all cancer diagnoses and 7.5 percent of all 

cancer deaths among female patients were attributable to cervical cancer, the 

fourth most common disease among women worldwide (Bray, 2018). Cervical 

cancer is one of the leading causes of death among fertile women (Parkin et 

al., 2008). Though cervical cancer is non-specific, and asymptomatic in its 

early stages, it has a high mortality rate, and very challenging to identify it 

early (Kyrgiou et al., 2010). Early detection of cervical cancer is crucial, and 

there are various effective treatments available (Du et al., 2020). The two most 

often utilized diagnostics for detecting cervical cancer at the moment are the 

colposcopy and the Papanicolaou test (Pap smear). The specificity for pap 

smear screening was 98%, while its sensitivity was just 51% (Wright et al., 

2004).  

Furthermore, cervical cancer in situ and adenocarcinoma are difficult 

to detect with a Pap smear screening. Cervical cancer biopsies and 

colposcopies may be able to detect certain early-stage cervical cancers, but 

invasive patients may delay treatment, increasing costs and risks (Jia et al., 

2015). Since serum tumor biomarkers may be analyzed using non-invasive 

blood samples, cervical cancer is commonly identified and tracked using these 
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methods. Squamous cell carcinoma antigen (SCC Ag), CA19-9, and 

carcinoembryonic antigen are some of these indicators (CEA) (Tsikouras et 

al., 2016). However, none of them have the sensitivity and specificity required 

to find cervical cancer in its earliest stages (Tsikouras et al., 2016). Moreover, 

according to current studies, microRNAs may prove to be incredibly sensitive 

and specific markers for the non-invasive screening of cervical cancer (Pereira 

et al., 2010; Hu et al., 2010). It has been discovered that microRNA 

dysregulation frequently happens in cancer (Bartel et al., 2004; Lee et al., 

2018). 

 In healthy and pathological circumstances, microRNAs have a 

deleterious effect on the transcriptional and post-transcriptional phases of gene 

expression. MicroRNAs have changed over time to become species-widely 

conserved (Ambros, 2008; Hrdlickova et al., 2014). Research has shown that 

microRNAs may have an impact on up to 60% of protein-coding genes, 

earning them the title of "master modulators" of the human genome (Lewis et 

al., 2005; Lim et al., 2005).  A microRNA may typically aim at 200 mRNAs; 

however, it is also possible for several microRNAs to target the same mRNA 

(Krek et al., 2005). 

 In biological systems, among the many cellular processes and 

functions that microRNAs play a significant part in controlling are 

angiogenesis, cell cycle regulation, differentiation, apoptosis, DNA repair, and 

stress response (Chen, 2010).  MicroRNAs have later become crucial disease 

regulators, including those of cancer when alterations in their expression take 

place (Farazi et al.,2011). Genetic and epigenetic processes influencing 
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microRNA expression include DNA amplifications or deletions that add or 

remove microRNA locus regions (Jiménez-Wences et al.,2014).  

2.1 Genome of HPV 

HPV has a circular double-stranded DNA genome that is 

approximately 7,000 to 8,000 base pairs in length (Tsakogiannis., et al2017). 

The genome is divided into early (E) and late (L) regions and these are; Early 

Genes:E1: Involved in viral DNA replication, E2: Regulates the transcription 

of other early genes, E4: Plays a role in the viral life cycle and may facilitate 

cell lysis, E5: Enhances the ability of the virus to evade immune detection, 

and E6 and E7: Critical for oncogenicity, as they interfere with tumor 

suppressor proteins (e.g., E6 binds to p53, and E7 binds to Rb). Late Genes: 

L1: Codes for the major capsid protein, forming the viral shell, and L2: Codes 

for the minor capsid protein. High-risk HPV types (e.g., HPV 16 and HPV 18) 

possess genetic characteristics that allow them to disrupt normal cellular 

processes, leading to carcinogenesis (Bouvard et al., 2009; Dutra et al., 2012). 

2.2 Global HPV Infection Rates 

HPV is one of the most prevalent sexually transmitted infections 

(Johnson, A., & Jackson, J. B. 2021). Estimates suggest that about 11-12% of 

sexually active individuals globally are infected with HPV at any given time 

(Forman et al.,2012). By age 50, up to 80% of sexually active women may 

have been infected with at least one type of HPV (Smith et al.,2008). High-

risk HPV types, particularly HPV 16 and HPV 18, are responsible for 

approximately 70% of cervical cancer cases worldwide. Low-risk types, such 

as HPV 6 and HPV 11, are primarily associated with benign conditions like 

genital warts (Garland, S. M. 2002). Higher prevalence rates are observed in 
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sub-Saharan Africa and Latin America, while lower rates are noted in some 

parts of Asia and North America. The overall prevalence of high-risk HPV 

types varies significantly by region, with studies indicating rates of around 30-

40% in certain populations (Smith et al.,2008). HPV vaccination programs 

have shown reduced infection rates among vaccinated cohorts, 

particularly younger women (Orumaa et al.,2020). 

2.3 HPV Infection Rates in Africa 

HPV prevalence in sub-Saharan Africa is notably high, with studies 

indicating rates of approximately 25-50% among sexually active women 

(Ginindza et al., 2017). High-risk HPV types are found in about 30-40% of 

women, with HPV 16 and HPV 18 being the most common among those with 

cervical cancer (Kulkarni et al.,2011). Africa has one of the highest rates of 

cervical cancer globally, with an estimated incidence of 11.9 per 100,000 

women (Denny et al., 2014). The burden of HPV-related diseases is 

significant, contributing to the high mortality rates from cervical cancer in the 

region (Vaccarella, S., & Bray, F. 2015). The prevalence of HPV can vary 

widely between countries and regions within Africa. Factors such as access to 

healthcare, screening programs, and vaccination uptake play critical roles. 

Efforts to implement HPV vaccination programs are ongoing, with increasing 

coverage expected to reduce HPV prevalence in the future (Bruni et al.,2021). 

2.4 HPV Infection Rates in West Africa 

HPV infection rates in West Africa vary widely, with studies reporting 

prevalence rates between 20% and 50% among sexually active women 

(Smith et al., 2008). High-risk HPV types, particularly HPV 16 and 18, are 

commonly detected and are associated with cervical cancer (Ramakrishnan et 
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al., 2015). Specific countries such as Ghana and Nigeria report higher 

prevalence rates, often exceeding 30% among women attending gynecological 

clinics (Konadu et al.,2019). Variability is influenced by factors such as access 

to healthcare, awareness of HPV, and cultural practices (Btoush et al.,2022). 

High-risk HPV types are responsible for over 90% of cervical cancer cases, 

making the understanding of HPV prevalence crucial for public health 

strategies (Sammarco et al.,2020). Efforts to implement HPV vaccination 

programs are ongoing, aimed at reducing future infection rates and the 

incidence of cervical cancer (Oliveira, C. R., & Niccolai, L. M. 2021).  

2.5 HPV Infection Rates in Ghana 

HPV prevalence among sexually active women in Ghana has been 

reported to be around 30% to 50%, with high-risk types contributing 

significantly to cervical cancer cases (Adams et al.,2019). A study indicated 

that high-risk HPV types were found in approximately 37% of women tested 

(Trottier et al., 2006). Ghana has a notable incidence of cervical cancer, with 

estimates suggesting an incidence rate of about 25 per 100,000 women 

(Appiah, M. T. 2023). The country has initiated programs to improve 

screening and vaccination to combat cervical cancer. Efforts to increase HPV 

vaccination coverage among young girls are underway, aimed at reducing 

future infection rates and cervical cancer risk. 

2.6 Classification of HPV 

HPV is classified into more than 200 types, which are generally grouped into 

two main categories based on their oncogenic potential: 

1. Low-Risk HPV Types: Associated with benign conditions like genital 

warts and low-grade cervical lesions. 
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Common Low-Risk Types: HPV 6: Often linked to genital warts. 

                    HPV 11: Also associated with genital warts. 

2. High-Risk HPV Types: Linked to the development of cervical cancer 

and other anogenital cancers. 

Common High-Risk Types: HPV 16: Responsible for a 

significant proportion of cervical cancer cases. 

 HPV 18: Another major contributor to cervical cancer. 

 Other notable high-risk types include HPV 31, 33, 45, 

52, and 58. 

2.7 Risk Factors for HPV Infection 

1. Sexual Activity: Having multiple sexual partners increases the risk of 

exposure to HPV. 

o Early initiation of sexual activity can also heighten the risk. 

2. Weakened Immune System: Individuals with weakened immune 

systems (e.g., due to HIV infection or immunosuppressive treatments) 

are at a higher risk of persistent HPV infection. 

3. History of Sexually Transmitted Infections (STIs): A history of 

STIs can increase susceptibility to HPV. 

4. Lack of HPV Vaccination: Not receiving the HPV vaccine increases 

the risk of contracting high-risk HPV types. 

5. Smoking: Tobacco use is associated with a higher risk of developing 

cervical cancer in HPV-infected individuals. 

2.8 Specimens Used for HPV DNA Testing 

HPV DNA testing is crucial for detecting high-risk virus types, especially in 

cervical cancer screening. The types of specimens commonly used include: 
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1. Cervical Swabs 

The most common specimen type for HPV DNA testing is a cervical 

swab, which can be collected during a Pap smear. This method allows 

for the collection of cells from the cervix, which are then tested for 

HPV DNA (American College of Obstetricians and Gynecologists, 

2016). 

2. Liquid-based Cytology Samples 

In liquid-based cytology, cervical cells are collected and suspended in 

a liquid medium. This specimen can be used for both Pap and HPV 

DNA testing, offering improved sensitivity and easier processing 

(Centers for Disease Control and Prevention, 2022). 

3. Self-collected Vaginal Swabs 

Research has shown that self-collected vaginal swabs can be effective 

for HPV DNA testing. This method increases accessibility and comfort 

for women, especially in screening programs (World Health 

Organization, 2021). 

4. Endocervical Curettage 

In certain cases, endocervical curettage (a procedure that involves 

scraping cells from the inside of the cervical canal) may be used to 

collect specimens for HPV DNA testing. This method is less common 

but can be helpful in specific clinical situations (National Cancer 

Institute, 2023). 

2.9 WHO Recommendations for HPV DNA Screening 

1. Screening Age: Women should begin HPV DNA screening at age 30. 

2. Frequency: HPV DNA testing is recommended every 5 years. 
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3. Method: HPV DNA testing is preferred over other screening methods 

(such as Pap smear) due to its higher sensitivity for detecting cervical 

precancer and cancer. 

4. Follow-Up: Women with positive HPV DNA results should be 

referred for further evaluation and management, including colposcopy. 

5. Integration with Vaccination: The WHO emphasizes the importance 

of integrating HPV vaccination programs with screening efforts to 

maximize cervical cancer prevention. 

2.10 Genomic profile of Cervical Cancer 

Cervical cancer is characterized by genetic alterations, including mutations, 

chromosomal rearrangements, amplifications, and deletions 

(Balasubramaniam et al., 2019). Key oncogenes affected include CCND1 

(cyclin D1) and MYC, while tumor suppressor genes like TP53 (p53) and 

RB1 (retinoblastoma) are frequently altered (Xing, D., & Fadare, O.2021). 

High-risk HPV types, particularly HPV 16 and HPV 18, integrate their DNA 

into the host genome (Liu et al.,2015). This integration can disrupt normal 

cellular processes and lead to oncogenesis (Pett, M., & Coleman, N. 2007). 

The expression of HPV oncogenes E6 and E7 is critical in inactivating tumor 

suppressor proteins, leading to uncontrolled cell proliferation (Almeida et 

al.,2019). Whole-genome sequencing has identified distinct molecular 

signatures in cervical cancers that may guide therapeutic approaches (Cancer 

Genome Atlas Research Network et al., 2017). These signatures can include 

alterations in pathways related to cell cycle regulation, apoptosis, and DNA 

repair (Dixon, K., & Kopras, E. 2004). Understanding the genomic landscape 
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of cervical cancer is crucial for developing targeted therapies and personalized 

medicine strategies (Hu, Z., & Ma, D. 2018). 

2.11 Global Cervical Cancer Rates 

Cervical cancer is the fourth most common cancer among women 

worldwide, with an estimated 604,000 new cases diagnosed in 2020 (Schubert 

et al.,2023). The global age-standardized incidence rate is approximately 9.2 

per 100,000 women (Zhang et al.,2019). Cervical cancer accounts for about 

342,000 deaths annually, making it a significant cause of cancer-related 

mortality among women (Hosono, S. 2024). The global mortality rate is 

approximately 7.5 per 100,000 women (Sopik et al.,2015). The highest 

incidence rates are observed in sub-Saharan Africa, which can exceed 43.1 

per 100,000 women (Jedy-Agba et al.,2020). Regions with effective screening 

and vaccination programs, such as North America and Western Europe, have 

much lower rates (Chan et al.,2019). The majority of cervical cancer cases 

(over 70%) are associated with persistent infection with high-risk HPV types, 

particularly HPV 16 and HPV 18 (Chan et al.,2019).  

2.12 Cervical Cancer Rates in Africa 

Cervical cancer is a leading cause of cancer among women in Africa, 

with an estimated incidence rate of about 43.1 per 100,000 women across the 

continent (Jedy-Agba et al.,2020). Certain countries, particularly in sub-

Saharan Africa, report significantly higher rates, exceeding 50 per 100,000 

women in some regions (De Vuyst et al.,2013). Cervical cancer results in 

approximately 66,000 deaths annually in Africa, making it a major public 

health concern (Afroj et al.,2017). The mortality rate varies widely, reflecting 

healthcare access, screening, and treatment disparities (Baciu et al.,2017). 
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Sub-Saharan Africa bears the brunt of the burden, with high-risk factors 

including limited access to screening programs and HPV vaccination 

(Murewanhema et al.,2024). Countries such as Malawi, Zambia, and Tanzania 

report particularly high incidence and mortality rates. The majority of cervical 

cancer cases (over 90%) in Africa are linked to persistent infections with 

high-risk HPV types (De Martel et al.,2017). 

2.13 Cervical Cancer Rates in West Africa and Ghana 

Cervical cancer is a significant health issue in West Africa, with 

incidence rates ranging from 20 to 13.1 per 100,000 women in various 

countries (Arbyn et al.,2020). Countries like Ghana, Nigeria, and Sierra Leone 

report some of the highest rates in the region. Cervical cancer is one of the 

leading cancers affecting women in Ghana, with an estimated incidence rate of 

about 29.3 per 100,000 women (Abotchie, P. N., & Shokar, N. K. 2009). The 

country has one of the highest rates of cervical cancer in West Africa. Cervical 

cancer accounts for a significant number of cancer-related deaths among 

women in Ghana, with approximately 18.6 per 100,000 deaths annually 

attributed to the disease (Krings et al.,2019). The region experiences high 

mortality rates associated with cervical cancer, with an estimated 341,831 

deaths annually attributed to the disease (Bogdanova et al.,2022). Limited 

access to screening and treatment contributes to these high mortality figures 

(Binka et al.,2019). The prevalence of high-risk HPV types is a major 

contributor, with studies showing that over 90% of cervical cancer cases are 

linked to HPV infections (De Martel et al.,2017). Other factors include lack of 

awareness, cultural barriers, and inadequate healthcare infrastructure (Petersen 

et al.,2022). Efforts are ongoing to improve HPV vaccination and cervical 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



24 
 

cancer screening programs, but coverage remains low compared to global 

standards (Wirtz et al.,2022). 

2.14 Classification of Cervical Cancer 

Cervical cancer can be classified based on histological type and tumor 

behavior: 

1. Histological Types: 

o Squamous Cell Carcinoma (SCC): 

 The most prevalent type, making up about 70-90% of 

cervical cancer cases. It arises from the squamous 

epithelial cells of the cervix. 

o Adenocarcinoma: 

 Accounts for approximately 10-25% of cervical 

cancers, originating from the epithelial cells. Subtypes 

include endocervical adenocarcinoma and clear cell 

carcinoma. 

o Other Rare Types: 

 Include neuroendocrine carcinoma, small cell 

carcinoma, and adenosquamous carcinoma, which are 

less common but may be more aggressive. 

2. Staging: 

o Cervical cancer is also classified by the FIGO (International 

Federation of Gynecology and Obstetrics) staging system, 

which includes: 

 Stage I: Invasive cancer confined to the cervix. 
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 Stage II: Cancer that has spread beyond the cervix but 

not to the pelvic wall or lower third of the vagina. 

 Stage III: Cancer that has spread to the pelvic wall, 

the lower third of the vagina, or causes hydronephrosis. 

 Stage IV: Cancer that has spread to distant organs. 

 2.15 Risk Factors for Developing Cervical Cancer 

1. Long-term Use of Oral Contraceptives: Extended use (five or more 

years) of birth control pills has been associated with an increased risk 

of cervical cancer. 

2. Multiple Pregnancies: Women who have had multiple full-term 

pregnancies may have a higher risk. 

3. Age: The risk of cervical cancer increases with age, particularly in 

women over 30. 

4. Low Socioeconomic Status: Limited access to healthcare services can 

lead to lower screening rates and delayed diagnosis. 

5. Genetic Factors: A family history of cervical cancer may increase an 

individual's risk. 

6. Co-infection with HIV: HIV-positive Women have a significantly 

higher risk of developing cervical cancer due to immunosuppression. 

2.16 Diagnosis of Cervical Cancer 

1. Screening Tests: 

o Pap Smear (Pap Test): Detects precancerous changes in 

cervical cells. It is recommended for women starting at age 21. 
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o HPV Testing: Identifies high-risk HPV types that can lead to 

cervical cancer. It can be done alone or with a Pap smear (co-

testing) for women aged 30 and older. 

2. Diagnostic Procedures: 

o Colposcopy: If abnormal cells are detected, a colposcopy may 

be performed, which allows the doctor to examine the cervix 

more closely using a magnifying device. 

o Biopsy: During colposcopy, a biopsy may be taken to 

determine if cancerous cells are present. 

3. Imaging Tests: 

o Pelvic MRI or CT Scan: These imaging tests may be used to 

assess the extent of cancer if diagnosed. 

4. Histological Examination: 

o A tissue sample is analyzed to confirm the diagnosis and 

determine the type and grade of cancer. 

2.17 WHO Recommendations for Cervical Cancer Screening 

1. Screening Age: 

o Initiation: Women should start screening at age 30. 

o Frequency: 

 Every 5 years with HPV testing. 

 Every 3 years with Pap smear (cervical cytology) for 

women aged 30-49. 

 Women aged 50 and older can continue screening until 

age 70. 
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2. Screening Methods: 

o HPV Testing: Recommended as the primary method due to its 

higher sensitivity for detecting precancerous lesions. 

o Pap Smear (Cytology): it can be used, but less sensitive 

compared to HPV testing. 

o Visual Inspection with Acetic Acid (VIA): An alternative 

method for low-resource settings. 

3. Follow-Up: 

o Women with abnormal screening results should be referred for 

further evaluation and management according to local 

guidelines. 

4. HPV Vaccination: 

o The WHO highlights the importance of HPV vaccination as a 

preventive measure to reduce the incidence of cervical cancer. 

2.18 Epidemiology of HPV and cervical cancer 

Human papillomavirus (HPV), a common sexually transmitted illness, 

is associated with cervical cancer and other diseases. In this response, a 

general overview of the HPV and cervical cancer epidemiology are provided.  

Overview of HPV prevalence: HPV is the most prevalent sexually 

transmitted disease (STD) globally, affecting both men and women. By 

geography and population, HPV infection rates differ globally. According to 

the World Health Organization (WHO), 2014, approximately 1 in 10 women 

worldwide have an HPV infection at any given time. The majority of HPV 

cases occur in sexually active people in their late teens and early twenties.  

According to studies by Akpabla, G. S., & Sun, K. (2021), there were over 
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570,000 new cases of cervical cancer discovered worldwide in 2018 with HPV 

infection being responsible for nearly 90% of these cases. The prevalence of 

the human papillomavirus was higher in low- and middle-income countries. 

For example, a study by Gu et al. (2022) reported that the age-standardized 

HPV prevalence among women aged 15–64 years varied from 3.2 to 19.3 

percent in Australia/New Zealand and sub–Saharan Africa. 

HPV types and cervical cancer risk: Significant risk factors are the 

emergence of cervical carcinoma and HPV infection. Certain HPV strains, 

especially high-risk variations like HPV-16 and HPV-18, are the primary 

causes of cervical cancer cases (Ramakrishnan et al., 2015). Cervical cancer 

risk is significantly increased by ongoing exposure to high-risk HPV strains 

(Walboomers et al.,1999). It was estimated that HPV infection causes 99 

percent of cases of cervical cancer. Due to its high frequency and mortality in 

low- and middle-income nations, access to screening and care was restricted, 

making cervical cancer a serious global health concern.  

According to the International Agency for Research on Cancer 

(IARC), cervical cancer caused 604,127 new cases and 341,831 fatalities 

worldwide in 2020.  Sub-Saharan Africa, Latin America, and the Caribbean 

have the greatest incidence and mortality rates for cervical cancer, which 

differ greatly by region. Numerous studies have shown that sexual activity 

poses a significant risk for HPV infection and cervical cancer growth (Faridi et 

al.,2011). Some of these risk factors include high-risk sexual conduct, several 

sexual partners, and first sexual contact at an early age (Brinton et al.,1987).  
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Figure 2.1: Age-standardized incidence (A) and mortality rates (B) of cervical 

cancer by country in 2020 

Source: (Singh et al.,2023) 

To stop HPV infection and the consequent development of cervical 

cancer, HPV vaccines and screenings have been developed. High-risk HPV 

strains like HPV-16 and HPV-18 are being warded off with these 

immunizations (Paavonen et al.,2009). Adolescents can prevent HPV infection 

and problems associated with it by being vaccinated against it regularly 

(Marek et al.,2011). Precancerous alterations or early-stage cervical cancer can 

only be found with cervical cancer screening, including HPV tests and Pap 

smears, which enables prompt intervention and treatment (Lea, J. S., & Lin, K. 

Y., 2012). Cervical cancer, genital warts, and other HPV-associated 

malignancies have significantly decreased in frequency as a result of HPV 
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vaccination (Lowy, 2016). In populations that have received immunizations, 

studies have shown a much lower prevalence of HPV infection and related 

illnesses (Markowitz et al.,2010).  The HPV vaccine does not only protect 

those who receive it directly, but it also boosts herd immunity (Garnett, 2005). 

By reducing the circulation of vaccine-type HPV strains in the population, the 

vaccine indirectly protects unvaccinated individuals, resulting in a decline in 

HPV transmission and related diseases (Gray, P. G. 2022). Long-term efficacy 

and durability, a study has demonstrated that HPV vaccination provides long-

term protection against HPV infection and associated diseases (De et 

al.,2014). A follow-up study has shown that sustained vaccine efficacy and 

durability could protect up to 10 years after vaccination (De Vincenzo et 

al.,2014). Host factors like alcoholism, smoking, genetics, reproductive factors 

like having many full-term pregnancies, giving birth at a young age, 

and hormonal effects typical of chronic hormonal oral contraceptive use, as 

well as reproductive variables, make women more likely to develop cancer 

(Deligeoroglou et al.,2013; Obiri Yeboah et al., 2017).  

Additionally, cervical cancer develops at a higher incidence among 

women who have HIV (Ochodo, 2010), due to reduced immunity, the 

difficulty most of these victims have in accessing healthcare, and their 

ignorance of cervical cancer and HPV (Larbie, 2023). 

2.19 Biogenesis of microRNA 

MicroRNAs (miRNAs), small RNA molecules with lengths of 21–25 

nucleotides, play a role in gene regulation post-transcription. They are 

produced as a result of the transcription of genomic DNA and are involved in 

a variety of biological processes, including cell differentiation, development, 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



31 
 

and disease pathogenesis (Sonkoly, E., & Pivarcsi, A. 2009). The generation 

of mature microRNAs involves several steps, starting with transcription as the 

initial stage (Finnegan, E. F., & Pasquinelli, A. E. 2013).  

Canonical pathways; These pathways, which include transcription by RNA 

polymerase II, nuclear processing and transcription by Drosha and DGCR8, 

cytoplasmic processing by transcription by Dicer in the nucleus, and further 

processing by Dicer in the cytoplasm, explain the sequential biogenesis 

process of microRNAs. The mature microRNA then integrates into the RNA-

induced silencing complex (RISC) (Lewis et al.,2005).  

Non-Canonical Pathways: Non-canonical pathways propose alternative 

mechanisms of microRNA biogenesis, such as independent processing by 

Dicer, AGO2-mediated cleavage, or splicing of introns containing microRNA 

sequences. These pathways provide additional layers of complexity to 

microRNA regulation (Bartel 2009). However, in seed sequence theory, the 

microRNA's seed region (positions2-8) and the target mRNA's complementary 

base pairs are what significantly contribute to microRNA binding. This theory 

provides a basis for target prediction algorithms and has facilitated large-scale 

microRNA target identification (Ha et al.,2014). According to non-canonical 

targeting mechanisms, microRNAs may be able to detect and attach to target 

locations other than the 3' UTR region, including the coding sequence or the 5' 

UTR. These non-canonical interactions allow more microRNAs to have an 

impact on a gene (Xu et al.,2014). 

MicroRNA transcription is the first step in the production of most long 

primary transcripts, or pri-microRNAs, by RNA polymerase II (Pol II). These 

distinct genes or the introns of protein-coding genes can both create these pri-
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microRNAs (Lee et al.,2004). Specific transcription factors and promoter 

elements control how pri-microRNAs are transcribed. Transcriptional 

regulation has been deemed a crucial step in microRNA biogenesis by a 

number of studies, with disturbances resulting in changed of microRNA 

expression patterns (Kim, 2005).  

Processing of pri-microRNAs: This occurs in the nucleus and aided by 

the activity of two essential enzymes; Drosha and DGCR 8, Nuclear RNase III 

enzyme. Drosha breaks down the pri-microRNA to release a precursor 

microRNA with a hairpin-like structure (Han et al., 2017).  As a co-factor for 

Drosha, DGCR8, an RNA-binding protein with two strands, aids in the 

identification and processing of pri-microRNAs. This processing phase was 

strictly controlled and affects the stability and abundance of microRNAs 

(Griffiths-Jones,2004). After being processed in the nucleus, pre-microRNAs 

are transported to the cytoplasm where they can keep maturing Exportin-5, in 

conjunction with GTP-bound Ran, which recognizes and transports pre-

microRNAs via the nuclear pore complex (Kim, 2005).  

The export phase was crucial for microRNA processing and loading into the 

RNA-induced silencing complex (RISC) in the cytoplasm (Yi et al., 2003). 

The RNA-induced silencing complex (RISC) was loaded with strands after 

being chosen. To be included in the RISC, one of the guiding strands of 

microRNA duplex's two strands were preferred over the passenger strand (Hu 

et al.,2009). As a result of mRNA breakdown or translational repression, 

target mRNAs are directed by the guide strand to the RISC (van de Berg et al., 

2008). 
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Furthermore, at various stages, microRNA biogenesis is tightly 

regulated.  The regulating mechanisms for microRNA expression and activity 

include post-transcriptional changes, RNA-binding proteins, and signalling 

pathways (Palanisamy et al., 2012).  Numerous illnesses, including cancer and 

neurological disorders, have been linked to dysregulation of microRNA 

biogenesis (Tan et al.,2015). Finally, the pri-microRNA was acted upon in the 

nucleus through a number of stages to produce precursor microRNAs (pre-

miRNAs) (Shenouda, S. K., & Alahari, S. K.2009). The key enzyme involved 

in this step was called Drosha, which cleaves the pri-microRNA into a 60–70 

nucleotide hairpin-like shape (Bernstein et al.,2001). 

 

Figure 2.2:  Schematic illustration of microRNA biogenesis dysregulation in 

cancer 

Source: (Ali et al.,2020) 
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2.20 Theories of microRNA  

The regulation of post-transcriptional gene activity was greatly 

influenced by microRNAs. They take part in numerous biological processes 

including cell division, immune response, disease, and cell proliferation 

(Tüfekci et al., 2014).  

Theory of microRNA-mediated gene silencing; microRNAs target messenger 

RNAs (mRNAs), which they attach to their 3' untranslated region (UTR), 

resulting in their degradation or having their translation suppressed, which 

inhibits the target gene's expression proposed by Valinezhad et al. (2014). The 

RNA-induced silencing complex (RISC), which was created when microRNA 

binds to target mRNA sequences, mediates gene silencing (Lewis et al.,2005). 

 Theory of microRNA regulation of mRNA stability; the theory 

suggests that microRNAs can influence mRNA stability by promoting 

deadenylation and decay of target mRNAs (Fabian et al.,2010).  It claims that 

specific mRNAs are targeted by the RNA-induced silencing complex (RISC) 

as a result of microRNAs, leading to mRNA instability (Mayya, 2021). 

According to this theory, additional RNA molecules, like long non-coding 

RNAs (lncRNAs) and circular RNAs (circRNAs), could interact with 

microRNAs in addition to their mRNA targets through shared microRNA 

response elements (MREs). These interactions result in a complex regulatory 

network where different RNA molecules compete for microRNA binding, 

affecting the expression of each other (Guil, S., & Esteller, M. 2015). 

Moreover, the notion of microRNA-mediated translational repression 

suggests that microRNAs prevent target mRNAs from being translated while 

not affecting the stability of the target mRNAs (Cottrell et al., 2017). When 
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target mRNAs' 3' UTRs were bounded by microRNAs, restrictive protein 

complexes were drawn to the scene, leading to translational repression (Bartel, 

2009). MicroRNAs can control gene expression at the transcriptional level in 

post-transcriptional regulation. This theory suggests that microRNAs can bind 

to promoter regions of target genes and either enhance or repress their 

transcription. This process involves interactions with transcription factors and 

chromatin-modifying complexes (Barrett, R. M., & Wood, M. A. 2008). 

The theory of the microRNA sponge or decoy effect; suggests that 

certain RNA transcripts, known as competitive endogenous RNAs (ceRNAs) 

or microRNA sponges, have numerous microRNA binding sites and can 

sequester microRNAs away from their target mRNAs to modify gene 

expression (Bak, R. O., & Mikkelsen, J. G.2014). This mechanism was 

thought to have implications in fine-tuning microRNA-mediated regulation 

(Re et al.,2017). The microRNA sponge effect theory suggests that certain 

RNA molecules, such as pseudogenes or artificially engineered transcripts, 

can function as decoys for microRNAs. These "sponges" contain multiple 

binding sites for specific microRNAs, effectively sequestering and titrating 

them in opposition to their endogenous aims (Ebert et al.,2007). 

2.21 Functions of some microRNA in cervical cancer patients  

For cervical cancer to start and progress, microRNAs (miRNAs) are 

crucial. By attaching to messenger RNAs (mRNAs), microRNA can influence 

the expression of genes by preventing or deteriorating mRNA translation. 

Proto-oncogenes or tumor suppressor transcripts are the targets of microRNAs 

in several varieties of tumors (Wang et al., 2008). Tumor-suppressor 

microRNAs (tsmicroRs) and oncogenic microRNAs (OncomicroRNAs) are 
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two separate classes of microRNAs (Svoronos et al., 2016). OncomicroRNAs 

are typically overexpressed, which promotes tumor growth and preserves the 

tumor phenotype, whereas tsmicroRNAs prevent carcinogenesis by regulating 

apoptosis, apoptosis-related processes, cell invasion, and other cancer-related 

processes. Most human malignancies usually have a downregulation of these 

tsmicroRNAs (Ali et al., 2020).  

The known relationship between microRNAs and cancer is strongly 

correlated with abnormal microRNA expression in a variety of cancer types 

(Lu et al.,2005). Any microRNA tumor profile has the potential to be a 

therapeutic, prognostic, and a diagnostic tool (Tricoli, J. V., & Jacobson, J. 

W., 2007). To use microRNAs for diagnosis or treatment, it is necessary to 

comprehend their oncogenic or tumor-suppressive functions as well as how 

their dysregulation affects tumor formation (Cho, 2012). OncomicroRNAs 

may considerably aid in the treatment of cancer through silencing or 

modulation of their expression and the focused overexpression of the 

tsmicroRNAs which could have therapeutic effects (Chen et al.,2017). 

 MiR-18a is an example that contributes to the transition of HPV-

positive cervical cells into cancerous cells when miR-18a expression was 

upregulated by HPV E6 and E7 (Morgan et al., 2020). According to Li et al. 

(2023), it was discovered that miR-27a increased the production of TAB3 by 

attaching to its 3′UTR, which then caused the activation of NF-kB signaling. 

The functional promotion of cervical cancer malignant potential by miR-27a 

was demonstrated, and the study shows that miR-27a's elevation of TAB3 was 

directly responsible for the elevated malignant potential brought on by TAB3 

overexpression (Li et al.,2023).  
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By blocking oncogenic pathways, several microRNAs restrict tumor 

growth in cervical cancer. For instance, miR-34a targets numerous oncogenes, 

including Notch1, c-Met, and E2F3, and its decreased expression promotes 

tumor invasion and growth (Wang et al.,2013). By focusing on several genes 

involved in tumor formation and metastasis, miR-145 works similarly to stop 

the spread of cervical cancer (Cao et al.,2020).  

Li et al. (2011) proposed that miR-29b would promote cervical 

carcinogenesis by inhibiting YY1 and CDK6 since the E6 and E7 

oncoproteins encoded by the HPV genome were able to bind to p53 and pRb, 

respectively, to suppress cellular proliferation and death. Numerous 

microRNAs can act as oncogenes throughout the oncogene activation process 

and promote the growth of cervical cancer. For instance, miR-21, a tumor 

suppressor gene targets numerous tumor suppressor genes including PTEN 

and PDCD4, it was frequently seen in increased concentrations in cervical 

cancer and was also known to enhance cell proliferation, metastasis, and 

invasion (Wang et al.,2015).  

MiR-155 is a distinct microRNA that encourages cancer cells to 

migrate and multiply; it has been connected to a worse prognosis in cervical 

cancer patients (Kim et al.,2018).  MicroRNAs can control the epithelial-

mesenchymal transition (EMT), a crucial stage in the growth of cancer. 

According to Lei et al. (2012), the tumor suppressor miR-155, which has been 

connected with cervical cancer, inhibits cell division, migration, and invasion, 

halts EMT, and increases the chemosensitivity of cervical cells. MiR-155 

mimics have the potential to partially correct the down-regulation of E-

cadherin brought on by EGF (epidermal growth factor) therapy in cervical 
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cells. It specifically targets the 3' UTR, which has two binding sites, of the 

Smad2 gene, this microRNA was overexpressed, which causes SMAD2 to 

downregulate (Lie et al.,2012). MiR-155 also prevents EGF-induced EMT in 

cervical carcinoma by blocking the EMT.  MiR-155 makes cervical cells more 

sensitive to the chemotherapy drug cisplatin (Lie et al.,2012).  

MiR-200a, miR-200b, miR-200c, miR-141, and miR-429 are members 

of the miR-200 family that target the transcriptional repressors of E-cadherin 

ZEB1 and ZEB2, which downregulate in cervical cancer (Li et al.,2010). 

MicroRNAs also played a part in chemoresistance by controlling how 

susceptible cervical cancer cells were to chemotherapy treatments. The 

specific targeting of PTEN and p21 by miR-21 and miR-106b, respectively, 

has been linked to increased chemoresistance by enhancing cell survival and 

lowering apoptosis (Wang et al.,2015). Nevertheless, other microRNAs, such 

as miR-143 and miR-145, specifically target Bcl-2 and MUC1 to increase 

cervical cancer cells' sensitivity to the chemotherapeutic agent cisplatin (Yao 

et al.,2012; Zhao et al.,2017). 

  Patients with cervical cancer may react differently to chemotherapy, in 

contrast to microRNAs. MiR-214, miR-21, and miR-34a are some examples 

of microRNAs that are implicated in controlling chemosensitivity (Hummel et 

al., 2010). Drug resistance was influenced by the dysregulation of the 

multidrug resistance protein 1 (MDR1) and Bcl-2 expression (Vaidya et al., 

2020).  MicroRNAs have the potential to be therapeutic targets for the 

treatment of cervical cancer since they can influence target gene expression 

and tumor cell activity (Doghish et al., 2023). This was made possible by 

changing microRNA expression with artificial microRNA mimics or by 
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blocking antagomirs (Wang, V., & Wu, W. 2009). Preliminary, research 

suggests that restoring tumor suppressor microRNAs or suppressing oncogenic 

microRNAs may be effective in treating cervical cancer (Zhao X, et al.,2016; 

Li et al., 2019).  

Human Papillomavirus (HPV) regulation also states that HPV infection 

is a substantial cervical cancer danger sign. An HPV infection's ability to 

cause cancer was regulated by certain microRNAs.  For example, miR-34a 

inhibits cell proliferation and induces death when it targets the HPV 

oncogenes E6 and E7. Cervical cancer and high-risk HPV infection are both 

associated with decreased miR-34a expression (Li et al.,2010). MiR-34a 

targets several oncogenes, including Notch1, c-Met, and E2F3, downregulate 

in cervical cancer, and its reduced expression aids in the development of 

tumors and invasion (Wang et al.,2013). A tumor suppressor microRNA called 

miR-34a controls cell cycle progression and apoptosis at a moderately high 

level in healthy cervical tissue (Li et al., 2010). When it comes to cervical 

cancer, its expression typically becomes downregulated, fostering the tumor’s 

growth and spread (Chen, 2015).  

Many microRNAs that have been identified as potential biomarkers for the 

diagnosis and prognosis of cervical cancer raise some questions about their 

predictive abilities (Kannappan et al., 2021). Extremely high levels of miR-

200c expression in cervical cancer patients are associated with a lower chance 

of survival and a worse prognosis (Allouch et al.,2020). On the other hand, 

lymph node metastases, a later stage of the tumor, and a worse overall survival 

were associated with lower levels of miR-375 expression (Wei et al., 2021). 

Cervical cancer tissues express certain microRNAs, like miR-205, miR-375, 
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and miR-424, differently from healthy cells. These microRNAs may be used 

as prognostic and early-detection indicators for cervical cancer (Doghish et al., 

2023). In biological fluids including blood and cervical samples, their 

expression levels can help in the prognosis of patients as well as the early 

diagnosis of cervical cancer (Li X, et al.,2018). Cervical cancer diagnostic and 

prognostic markers may be derived from microRNAs.  For instance, it has 

been established that miR-29a suppresses DNMT3A and DNMT3B to regulate 

the p16 methylation pattern in cervical cancer (Wang et al., 2021). 

 Additionally, there was evidence that miR-29a regulates HSP47, which 

was necessary for the development of collagen molecules. Lower HSP47 

levels inhibited cancer cell invasion and migration, demonstrating that the 

miR-29a-HSP47 pathway contributes to cervical SCC metastasis (Yamamoto 

et al., 2013). Due to the downregulation of miR-205 in tissues with cervical 

cancer, it was, therefore, possible to differentiate between high-grade cervical 

intraepithelial neoplasia (CIN) and invasive cervical cancer (Dudea-Simon et 

al.,2022).  Cervical cancer patients who have elevated miR-21 levels had a 

worse prognosis and lymph node metastases (Wang et al.,2015). The target 

miR-223 was under-expressed forkhead box protein O1 (FOXO1) seen in 

cervical carcinoma (CC) cells (Jiao et al.,2021). Cervical cancer cell 

proliferation was considerably slowed by miR-223 overexpression (Yin et 

al.,2016). Targeting Akt/mTOR/p70S6K, miR-223 reduces cervical cancer 

cell growth, proliferation, and colony formation through binding to hypoxia-

inducible factor-1 (IGF-1R) (Jia et al.,2011).  Numerous studies found that 

miR-223 performed a significant part in controlling cervical cancer, mostly 
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through targeting the disease-related genes and interacting with various 

signaling pathways (Goa et al.,2017).  

Finally, the management of cervical cancer may employ microRNAs 

as therapeutic targets. Artificial microRNA mimics or inhibitors can be used to 

modify target gene expression affecting tumor cell behavior (antagomirs). For 

instance, preclinical studies for the therapy of cervical cancer have shown 

potential for restoring tumor suppressor microRNAs or suppressing oncogenic 

microRNAs (Yao et al.,2016; Zhao et al.,2017; Wang et al.,2015).  

2.22 Expression patterns of microRNA in cervical cancer and non-

cancerous patients 

MicroRNAs (miRNAs) play a crucial role in regulating gene 

expression. Cell division, proliferation, and death are just a few of the 

biological processes that have been connected to microRNA dysregulation in 

terms of disease. MicroRNA expression profiles can differ between various 

tissues and people.  

Microarray analysis was utilized by Martin et al. (2014) to examine the 

expression of microRNAs and discover the differences between healthy and 

cervical cancer tissue. A study by Pereira et al. (2010) proposed that some 

microRNAs, including miR-21, miR-143, miR-200a, and miR-375, were 

found to have differential expression patterns across the various stages of 

cervical carcinogenesis, according to a notion that looked at the expression of 

microRNAs in a variety of cervical tissues, such as a healthy cervix and 

lesions that are precancerous or cancerous.  

However, Li et al. (2013) discovered that several dysregulated 

microRNAs, including miR-21, miR-143, miR-200c, and miR-203, were 
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found using next-generation sequencing and were investigated in the cervical 

carcinoma tissue, microRNA expression profile, and neighboring non-

cancerous tissue. Sharma, & Gupta, (2020) noticed that when compared to 

healthy controls, miR-21, miR-205, and miR-214 expressions were 

consistently downregulated in cervical cancer patients, while miR-143, miR-

145, miR-218, and miR-375 expressions were consistently upregulated. It was 

shown that CIN and ICC had reduced miR-29a expression levels (Li et 

al.,2011). Gong et al. (2019) hypothesized that miR-29a's methylation of the 

tumor suppressor SOCS1 could stop cervical cancer from progressing.  

Furthermore, miR-29a might function as a tumor suppressor in the 

development of cervical cancer (Li et al.,2011). In the presence of invasive 

SCC, miR-21 overexpression and miR-29a downregulation distinguish tumors 

from healthy cervical tissue and create a molecular signature that can be used 

to detect cervical cancer (Bauelos-Villegas et al., 2021).  

Using information from The Cancer Genome Atlas (TCGA), Li et al. 

(2019) performed an extensive analysis of the patterns of microRNA 

expression in cervical cancer and discovered there were many microRNAs 

whose expressions varied. These included variations in miR-9, miR-21, and 

miR-203 overexpression and downregulation between cervical cancer samples 

and samples from healthy individuals. Moreover, Cheng & Huang, (2021) 

found that there was a significant downregulation of the miR-200 family in 

cervical cancer, suggesting that the tumor suppressor activity of these genes 

may have an impact on the development of cervical cancer. To achieve this, 

the expression patterns of the miR-200 family—which includes miR-200a, 

miR-200b, miR-141, miR-200c, and miR-429 in healthy cervical tissues and 
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cervical cancer tissues were examined. MiR-125b, miR-199a, and miR-375 

were downregulated when miR-21 was increased, and when Su et al. (2021) 

examined the expression levels of these molecules in the non-cancerous 

tissues surrounding cervical cancer tissues. This suggests that these molecules 

were involved in the progression of the disease.  

Additionally, it has been discovered that miR-21 was upregulated in 

several malignancies, including cervical cancer. However, miR-21 expression 

levels in cervical tissue are either negligibly low or absent in healthy people. A 

study by Wang et al. (2016) demonstrated that miR-21 overexpression in 

cervical cancer tissues and cell lines was associated with tumor growth, poor 

prognosis, tumor formation, invasion, metastasis, and resistance to treatment.  

Poor patient survival has also been linked to elevated levels of miR-21 (Jin et 

al.,2020).  

A tumor suppressor microRNA called miR-34a controls cell cycle 

progression and apoptosis at a moderately high level in healthy cervical tissue. 

Its expression was frequently downregulated in cervical cancer, promoting the 

growth and spread of the tumor (Chen, 2015). Cell proliferation, migration, 

and invasion are three biological activities that are regulated by miR-143, and 

it was moderately expressed in the cervical tissue of healthy people. The onset 

and spread of cervical cancer have been linked to its downregulation (Zhang et 

al.,2015).  

MiR-145, which was quite abundant in the cervical tissue of healthy 

persons, is another tumor suppressor microRNA that was commonly 

downregulated in cervical cancer. Reduced expression of miR-145 has been 

linked to increased cell invasion and proliferation in cervical cancer (Shen et 
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al., 2020). Higher miR-155 levels were linked to advanced tumor stage, lymph 

node metastasis, and a lower likelihood of survival.  

These elements may serve as a prognostic biomarker and encourage 

the growth of cervical cancer. Tissues associated with cervical cancer have 

been reported to express miR-155 more frequently (Yin et al.,2016). Wang et 

al. (2009) showed that miR-155 expressed in plasma, tumor tissues, and 

patients with cervical cancer receiving treatment had a worse prognosis than 

those in the control group and the expression in tissues was related to tumor 

stage.  

Other research by Lv et al. (2018) found that individuals with adverse 

drug reactions had significantly downregulated levels of the miR-155 gene, 

and this downregulation was linked to a better reaction to the medication. 

Recent research has also revealed that miR-27a levels are consistently elevated 

in a wide range of cancer types, supporting the malignant properties of cancer 

cells (Wu et al.,2015; Su et al.,2019).   

Furthermore, overexpressed miR-27a promoted cell invasion, 

migration, and mortality in ovarian cancer (Li et al.,2019). The miR-27a gene 

is upregulated by cervical carcinoma and Wei et al. (2020) discovered that 

miR-27a substantially reduced the cervical cancer cells' aggressive 

characteristics.  

Low levels of miR-375 expression in cervical cancer patients were 

associated with lymph node metastases, tumor aggressivity, and a poor 

prognosis when compared to healthy cervical tissues (Li et al.,2019). As a 

cervical cancer diagnostic test that can forecast the disease, miR-203 may be 

utilized because it has been observed that the expression of the gene is lower 
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in cervical cancer cell lines, tissues, tumor invasion, growth, and lymph node 

metastases (Zhao et al.,2013). MiR-146a levels were noticeably higher in 

tissue samples from cervical cancer patients, according to Brase et al. (2011). 

Pereira et al. (2010) utilized a microRNA array study to compare tissues from 

cervical cancer and age-matched normal tissue, and they found that miR-146a 

levels were increased in cervical cancer tissues and that its overexpression 

boosts cell survival, while Sathyanarayanan et al. (2016) revealed that human 

cervical cancer cells' ability to invade, spread, and survive was suppressed by 

miR-146a.  

miR-27a was shown to be downregulated when cervical cancer tissues 

and cancer cell lines were compared to healthy cervical tissue. According to 

Wang et al. (2008), miR-27a suppresses tumor growth in the process of 

cervical cancer formation. According to research by Fang et al. (2018), 

cervical cancer cells expressed less miR-27a compared to healthy cervix 

squamous epithelia or glandular epithelia, and higher levels of miR-27a inhibit 

tumor growth by reducing TGF-RI production and TGF-signalling.  

Numerous investigations have found dysregulated microRNAs in the 

plasma of people who do not have cervical cancer. For instance, a study by 

Song et al. (2019) discovered that patients with cervical intraepithelial 

neoplasia (CIN), a precancerous disease, had considerably higher plasma 

levels of the microRNAs miR-21, miR-146a, miR-150, and miR-223, which 

could serve as cervical cancer biomarkers.  Similar to this, Cai et al. (2018) 

revealed that plasma samples from individuals with high-risk human 

papillomavirus (HPV) infections had a panel of dysregulated microRNAs, 
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including miR-145, miR-150, and miR-34a, which were strongly related with 

the development of cervical cancer.  

The diagnostic potential of plasma microRNAs in cervical cancer has 

been the subject of numerous studies. In a study by Zhou et al. (2020), it was 

discovered that the combination of plasma miR-20a, miR-93, and miR-106b 

had high diagnostic specificity for differentiating cervical cancer patients from 

healthy controls and that patients with cervical cancer showed a significant 

increase in their expression, suggesting that they might be useful as non-

invasive diagnostic biomarkers. Another study by Peralta-Zaragoza et al. 

(2017) discovered that specific microRNAs, including miR-203, miR-205, and 

miR-200b, were markedly suppressed in the plasma of patients with high-

grade cervical intraepithelial neoplasia (CIN) in comparison to healthy 

controls. These microRNAs might therefore function as cervical cancer 

indicators for early identification.  

However, Takeuchi et al. (2020) used high-throughput sequencing and 

qRT-PCR to identify the microRNAs that were specifically expressed in 

cervical cancer and found that miR-21, miR-143, miR-145, miR-146a, miR-

218, and miR-375 were significantly upregulated in cervical cancer tissues 

linked to nearby healthy tissues, whilst, in their meta-analysis of the 

microRNA expression patterns in cervical cancer patients from various 

publications, Pereira et al. (2017) discovered a large number of microRNAs, 

including miR-9, miR-21, miR-125b, miR-143, miR-145, miR-155, miR-34a, 

and miR-375, which were consistently dysregulated across various datasets. 

MiR-143, miR-145, miR-199a, miR-203, and miR-205 were found to be 

downregulated in cervical cancer tissues as compared to healthy tissues by 
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Pereira et al. (2010), who used microarray analysis to examine the expression 

of microRNAs in patients with cervical cancer.  

Finally, Faraldi et al. (2018) found that miR-191, miR-484, and miR-

1274a were reliable endogenous controls for quantitative reverse transcription-

polymerase chain reaction (qRT-PCR) analysis in cervical tissues. 

Considering research by Wang et al. (2018), there was a connection between 

poor overall survival in cervical cancer patients and high plasma levels of the 

gene miR-192, a disease-predictive biomarker. Expression levels of miR-93, 

miR-98, and miR-197 in cervical carcinoma and healthy cervical tissue 

samples suggested they could act as diagnostic biomarkers for cervical 

carcinoma even though they were noticeably more active in cervical cancer 

tissues than in healthy cervical tissues (Hu, 2020).  Low plasma levels of miR-

203 have been linked by Wang et al. (2019) to an advanced tumor stage and a 

poor prognosis in cervical cancer patients. According to these results, miR-203 

might be useful as a prognostic indicator for cervical cancer.  

2.23 Expression patterns of microRNA in cervical cancer patients on 

therapy 

A typical example of gynecological cancer in the world and a serious 

public health threat, cervical cancer is currently treated with surgery, radiation 

therapy, and chemotherapy. While various therapeutic options are available, 

the outcomes are still not satisfactory, especially for advanced cases. As a way 

to help with the diagnosis, prognosis, and monitoring of cervical cancer, it was 

necessary to find new treatment targets and biomarkers. While these 

treatments could be effective, more biomarkers are required for targeted and 

personalized therapies to enhance results for patients. MicroRNAs (miRNAs), 
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which show a crucial role in the control of genes, have been linked to the onset 

and spread of cancer. Using circulating microRNAs as markers for cancer 

diagnosis, prognosis, and therapeutic response, numerous studies have lately 

examined the detection, prognosis, and therapeutic response of cervical 

cancer.  

Circulating microRNAs have been examined in numerous 

investigations of patients with cervical cancer receiving treatment. For 

example, Wang et al. (2018) discovered that cervical cancer patients taking 

chemotherapy had considerably lower expression patterns of multiple 

microRNAs (miR-141-3p, miR-200c-3p, and miR-429) than those who had 

not yet started treatment. Additionally, the study showed a connection between 

a poorer response to chemotherapy and lower expression of specific 

microRNAs (miR-200c-3p, miR-141-3p, and miR-429) (Wang et al.,2018). 

Two chemotherapy medications frequently employed in the 

management of cervical cancer are Intex and Outex. Outex is a topoisomerase 

inhibitor that prevents DNA replication and repair, whereas Intex is a 

platinum-based medication that prevents DNA synthesis and triggers 

apoptosis. The processes underlying the reaction to these drugs, however, are 

not completely known.  

Intex and outex therapy for cervical cancer patients has been the 

subject of several research examining changes in circulating microRNA levels. 

For instance, a study by Zhou et al. (2019) discovered that miR-146a levels 

were considerably increased in cervical cancer patients receiving outex 

treatment, and this overexpression was linked to a better prognosis. According 

to another study by Li et al. (2017), cervical cancer patients treated with Intex 
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had considerably advanced levels of the miR-106b gene, and this 

overexpression was linked to a worse outcome.  

Furthermore, research by Lv et al. (2018) looked at the changes in 

circulating microRNA levels in cervical cancer patients receiving a 

combination of intex and outex. The study discovered that patients who 

reacted to the medication had much lower levels of miR-155, and this 

downregulation was linked to a stronger response to the therapy. MiR-155 

enhances cervical cells' chemo-sensitivity to cisplatin therapy by inhibiting 

EMT (Lei et al.,2012). A study by Wang et al. (2008) reveals that tissues 

containing cervical carcinoma have greater expression of miR-155.  

According to Ferrajoli et al. (2013), miR155 was overexpressed in 

monoclonal B-cell lymphocytosis patients' B cells compared to B cells from 

healthy people. MiR-155 down-regulated in cervical cancer cells resulting in 

apoptosis and a G1 phase cell cycle halt. It has been discovered that liver 

kinase B1 was the target gene of miR-155, a key tumor suppressor in several 

cancers (LKB1) (Lao et al.,2014). However, cervical cancer tissues have 

significantly lower levels of LKB1 mRNA and protein expression, whereas 

LKB1's luciferase activity and protein expression are increased when miR-155 

expression is downregulated.   

Consequently, miR-155 regulates LKB1 to encourage the proliferation 

of the cells of cervical cancer (Lao et al.,2014). Targets of the miR-200 

family, including miR-200a, miR-200b, miR-200c, miR-141, and miR-429, 

were transcriptional repressors of E-cadherin ZEB1 and ZEB2, which were 

downregulated in cervical cancer (Panoutsopoulou et al.,2018). For the non-

invasive exposure and follow-up of patients with cervical cancer undergoing 
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InTex therapy, circulating microRNA profiles are utilized as liquid biopsies 

"by Li et al (2021). The potential of microRNAs circulating as liquid biopsies 

for the non-invasive diagnosis and monitoring of cervical cancer patients 

during therapy was investigated using InTex, a novel inhibitor of the Wnt/-

catenin signaling pathway (Li et al.,2021). The author discovered a panel of 

microRNAs whose expression levels significantly changed before and after 

receiving InTex treatment, indicating their potential as biomarkers for tracking 

therapeutic response (Li et al.,2021).   

Circulating exosomal microRNAs may serve as predictors of treatment 

outcomes in cervical cancer patients receiving OutEx, according to He et al. 

(2020). For those receiving OutEx who have cervical cancer, an exosome-

based therapy, a study sought to discover circulating exosomal microRNAs 

that might predict therapeutic response (Wu et al.,2021). The scientists 

discovered a group of exosomal microRNAs that were substantially related to 

therapeutic response, indicating that they could be utilized as biomarkers to 

track the effectiveness of treatment (Zen, K., & Zhang, C. Y., 2012).  

Circulating microRNAs could serve as indicators for treatment 

response prediction in cervical cancer patients receiving InTex and OutEx 

combination therapy" (Wang et al.,2022). The potential use of circulating 

microRNAs as biomarkers to forecast therapeutic response for alternatives for 

treating cervical cancer with intex (intravenous chemotherapy and outex (oral 

chemotherapy has to be further investigated. 

Zhu et al. (2021) studied serum samples from cervical cancer patients 

before and after treatment with Intex and proposed that miR-205-5p 

expression was noticeably greater in responders’ contrast to non-responders in 
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the cervical cancer serum samples. Furthermore, miR-205-5p was discovered 

to be linked to improved overall survival in these patients. In a different study, 

Lu et al. (2021) examined the microRNA expression in cervical cancer 

patients taking Outex and discovered that miR-21-5p was much more 

prevalent in responders compared to non-responders and was linked to a 

longer progression-free survival in these patients.  

According to Jiang et al. (2021), oral chemotherapy using nedaplatin 

and paclitaxel was administered to 100 cervical cancer patients. Patients' 

plasma samples were taken both before and during treatment at various 

intervals, miR-222-3p expression levels were evaluated, among those with low 

plasma levels before treatment, and it was found to be improved in 

chemotherapeutic response with a longer overall life than those with high 

levels. Additionally, when the expression levels of miR-222-3p were 

compared to patients whose plasma levels did not change or rise during 

treatment, those who experienced a decrease had a better response and longer 

survival.  

Jiang et al. (2021) concluded that plasma miR-222-3p may be used as a 

possible biomarker to evaluate the effectiveness and prognosis of oral 

chemotherapy for cervical cancer patients. According to Li et al. (2017), 

overexpression of miR-29b significantly inhibited both cervical cancer cells' 

ability to proliferate and progress through the cell cycle, and its pattern of 

expression was linked to the clinical stages of the disease. Additionally, miR-

29b was involved in the regulation of tumor invasion.  

Patients with cervical cancer getting treatment have been discovered to 

have many dysregulated microRNAs, and a link was found between the 
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expression of these microRNAs and the treatment's effectiveness. For 

instance, it has been shown that individuals with cervical cancer who do not 

react to cisplatin-based chemotherapy have elevated levels of the miR-21 gene 

(Liao et al.,2016). On the other side, radiation therapy resistance has been 

linked to miR-214's downregulation, suggesting how microRNAs may serve 

as biomarkers for gauging how well cervical cancer patients may respond to 

treatment (Tang et al.,2022).  

Pedroza-Torres et al. (2016) have shown that the expression of miR-

125b was strongly connected to chemoresistance and a poor prognosis in 

patients with cervical cancer. Similar to this, it has been found that miR-1271 

overexpression might function as a biomarker to predict how cervical cancer 

patients would react to neoadjuvant chemotherapy (Pang et al.,2021).  

Moreover, Cheng et al. (2021) indicated that high expression of miR-

21 was linked to patients' chemo resistance to cisplatin-based chemotherapy. 

A similar finding was discovered in which miR-214 downregulation was 

linked to radiation therapy resistance (Tang et al.,2022). These results imply 

that microRNAs may be useful indicators for predicting cervical cancer 

patients' treatment responses.  

 It has also been established that there was a link between a patient's 

survival and the expression of specific microRNAs.  For instance, a study 

found that individuals with cervical cancer following surgery and radiation 

had reduced expression of miR-143, which was connected to a low survival 

rate (Lu et al., 2016). Similarly, another study discovered that neoadjuvant 

treatment for cervical cancer patients who had high expression of miR-1271 

was linked to better survival (Li et al.,2021). For example, miR-21 has 
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been demonstrated to promote cervical cancer cell proliferation, motility, 

and invasion, and its overexpression has been connected to chemotherapeutic 

resistance to cisplatin (Li et al.,2020; Bhattacharjee et al.,2022).  

Moreover, patients with cervical cancer who have miR-214 

downregulation have a higher risk of developing radiation resistance (Wang et 

al.,2018). However, Dinh et al. (2016) discovered a connection between the 

radiation dose used to treat non-small-cell lung cancer and the amount of miR-

29a present in the blood. According to Chen et al. (2019), miR-29a may 

control the PAK1/LIMK signaling pathway, bind specifically to the 3′-UTR, 

and downregulate the expression of CDC42 to lessen cervical cancer cell 

proliferation, migration, and invasion while fostering cell death.  

Furthermore, Chen et al. (2019) investigation revealed that high levels 

of the tumor suppressor miR-29a could prevent cervical cancer cells from 

growing and migrating as well as causing cell apoptosis. In tumors and LSILs 

with HPV, miR-29a has been demonstrated to be downregulated, and this has 

also been seen in cervical cancer cells (Yamamoto et al., 2013; Jia et al., 2015; 

Servín-González et al., 2015). According to a Sara et al. (2019) study, miR-

29a levels in tumor samples were significantly lower than in the control 

groups. This finding raises the possibility that miR-29a functions as a tumor 

suppressor in the course of cervical cancer development.  

Additionally, several microRNAs have been suggested as possible 

biomarkers for the efficacy of cervical cancer therapies and patient outcomes. 

The overexpression of miR-1271 has been determined to be a possible 

biomarker for predicting how cervical cancer patients would respond to 

neoadjuvant treatment (Li et al.,2021). Similarly, it has been found that 
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cervical cancer patients with miR-125b expression had a poor prognosis, 

chemoresistance, and low quality of life (Yang et al.,2016). Furthermore, 

several researchers have suggested that microRNAs could be used as cervical 

cancer treatment targets.  

According to Kim et al. (2016), miR-34a/miR-34b/c overexpression 

reduces proliferation and triggers apoptosis in cervical cancer cells via 

controlling the expression of Bcl-2 and MMP-9, two genes essential for tumor 

growth and invasion.  It also suggests its therapeutic target of miR-34a/miR-

34b/c for the treatment of cervical cancer. However, research revealed that 

overexpressing of miR-34a reduces cervical cancer cell proliferation and 

increases sensitivity to cisplatin-based chemotherapy (Kim et al.,2016) 

According to recent research (Fujita et al., 2008; Wang, Yang, Li, & Han, 

2015; Yu et al., 2015), several microRNAs, including miR-34a, can influence 

the response of chemotherapy with a range of tumor kinds, including cervical 

cancer.  

The expression of tumor suppressive genes was also downregulated in 

cancer-derived cell lines and cervical tumors that included oncogenic HPVs, 

according to Wang et al. (2009)'s research on miR-34a in cervical cancer. The 

tumor suppressor p53 was weakened by viral protein E6, which also activates 

the miR-34a trans activator (Wang et al., 2009), whiles studies by Li et al. 

(2010), reveal that pri-miR-34a expression was less common in cervical 

cancers and precancerous lesions when HR-HPV E6 oncoprotein and the p53 

pathway were in charge of suppressing miR-34a and the early onset incidence 

that contributed to the spread of cervical cancer. 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



55 
 

2.24 Cervical cancer patients with or without therapy based on the 

International Federation of Gynaecology and Obstetrics (FIGO) stages of 

cervical cancer  

The International Federation of Gynaecology and Obstetrics, or FIGO, 

system was used to stage cervical cancer. the four main stages are 1, 2, 3, 4, 

and substages, 1A, 1A1, 1A2, 1B, 1B1, 1B2, 2A, 2A1, 2A2, 2B, 3A, 3B, 3C, 

31, 3C2, 4A, and 4B, account for different features of cervical cancer (Lee, S. 

I., & Atri, M. 2019). 

The International Federation of Gynaecology and Obstetrics (FIGO) 

stages of cervical cancer, however, indicated that over half of all cervical 

cancer patients worldwide continue to receive a stage IB2 to IVA diagnosis, 

while, almost one-third of patients with cervical cancer in Korea had the 

disease in an advanced stage (Bartel, 2004).  

Currently, platinum-based chemotherapy combined with radiation 

therapy is advised for patients with advanced FIGO stage IIB and greater than 

stage IIB (Bouyssou et al.,2014). Unfortunately, these patients' survival rates 

in the first five years were lower and their rate of recurrence was higher 

(Bartel, 2004). It is imperative to discover a novel biomarker that could 

correctly diagnose cervical cancer and improve clinical monitoring.  

According to Wang et al. (2016), the expression level of miR-155 was 

markedly upregulated in cervical cancer tissues and elevated miR-155 levels 

could be linked to FIGO phases of cervical cancer (Fang et al.,2016). Cervical 

cancer was significantly aided in its development by miR-155's down-

regulation.  Thus, miR-155 could be used as a novel prognostic marker and a 

target for effective treatment in patients with cervical cancer (Fang et 
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al.,2016). Since the majority of studies did not specifically address the FIGO 

stages of cervical cancer, to create a trustworthy biomarker that might be 

applied to patients with cervical cancer detected in those stages for prognostic, 

therapeutic, or diagnostic purposes, more study is needed.  

2.25 Expression patterns of microRNA in cervical cancer patients not on 

therapy  

Despite the fact that individual microRNA genes do not produce 

proteins, they regulate the expression of cellular proteins by attaching to the 3′ 

UTR of the target mRNAs. Depending on how tightly the target mRNA was 

bounded by the 6 to 8 nucleotide seed sequence, each microRNA may target 

up to 100 mRNAs and either destroy them or suppress their translation (Bartel, 

2004; Lim et al., 2005).  

Additionally, some studies have also looked at how microRNAs are 

expressed and worked in cervical cancer patients who are not receiving 

treatment. In tissues with cervical cancer, miR-375 was downregulated, and its 

overexpression prevents cell proliferation and invasion (Gao et al., 2018). 

MiR-203 expression was downregulated in cervical cancer tissues, and its 

overexpression inhibits cell migration and proliferation (Song et al., 2018). 

For example, it has been demonstrated that tissues linked to cervical cancer 

have higher levels of miR-205 and are highly sensitive and specific for 

detecting cervical cancer from healthy cells (Chen et al., 2016).  As potential 

indicators for cervical cancer prognosis, miR-200a, miR-9, miR-143, and 

miR-145 were among the groups of microRNAs discovered (Yang et al., 

2019). Additionally, it has been discovered that tissues with cervical cancer 

have elevated levels of miR-21 which was connected to a bad prognosis 
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(Wang et al., 2015). A further four microRNAs are putative predictors of the 

prognosis of cervical cancer: miR-218, miR-21, miR-27a, and miR-let-7i 

(Zheng et al., 2016).  

In conclusion, microRNAs have a significant role in the development 

and spread of cervical cancer. Cervical cancer patients have a poor prognosis 

and several clinical characteristics linked to deregulation of microRNA 

expression. As biomarkers for cervical cancer detection and prognosis, 

microRNAs may be useful.  

2.26 Expression patterns of microRNA in cervical cancer patients with 

HIV 

Women with HIV (Human Immunodeficiency Virus) are at an 

increased risk of getting cervical cancer due to their increased vulnerability to 

the human papillomavirus (HPV), a significant contributing factor to cervical 

cancer.  The expression of genes was closely regulated by microRNAs 

(miRNAs), whose dysregulation was known to occur in cancer. Even though 

there were no studies on circulating microRNA levels in HIV-positive patients 

with cervical cancer, However, several researchers have looked into the 

expression of microRNAs separately in people with HIV and people with 

cervical cancer.   

The potential for microRNAs to serve as diagnostic and prognostic 

indicators in cervical cancer patients has been discovered. MicroRNAs have 

been shown to affect HIV replication and disease development in HIV-

infected people, and miR-375 has been discovered as a possible diagnostic 

marker for cervical cancer (Arga et al.,2023). For instance, miR-155 has been 
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linked to persistent immunological activation and inflammation and has been 

reported to be elevated in HIV-infected people (Ojha et al.,2019).  

Peralta-Zaragoza et al. (2016) conducted a study on the circulating 

microRNA profile in cervical cancer patients and many microRNAs' 

expressions were correlated with miR-21 and miR-375, which showed a 

significant difference when compared to patients with cervical cancer who did 

not have any symptoms.  According to another study by Wu et al. (2014), the 

diagnosis of cervical cancer, miR-21 may be employed as a biomarker.  

Although there aren't many studies looking at the microRNA profile in 

the plasma of cervical cancer patients who also have HIV, these studies give 

information on the possible role of microRNAs as biomarkers for HIV and 

cervical cancer patients.  Future studies could build on these results by 

examining the microRNA profile in the plasma of cervical cancer patients 

with HIV and examining the potential of microRNAs as prognostic or 

diagnostic biomarkers in this population.  

2.27 Chapter Summary 

This chapter summarizes the research on comparable studies, including 

the genome of HPV, global HPV infection rate, HPV infection rates in West 

Africa, HPV infection rates in Africa, HPV infection rates in Ghana, 

classification of HPV, risk factors of HPV infection, specimens used for HPV 

DNA testing, WHO recommendations for HPV DNA screening, genome of 

cervical cancer, global cervical cancer rate, cervical cancer infection rates in 

West Africa, cervical cancer infection rates in Africa, cervical cancer infection 

rates in Ghana, classification of cervical cancer, risk factors of cervical cancer 

infection, diagnosis used for cervical cancer, WHO recommendations for 
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cervical cancer screening, HPV and cervical cancer epidemiology, biogenesis 

of microRNA, theories of microRNA, functions of some microRNA in 

cervical cancer patients, expression patterns of microRNA in cervical cancer 

patients and non-cancerous patients, expression patterns of microRNA in 

cervical cancer patients on therapy,  cervical cancer patients with or without 

therapy based on international federation of gynecology and obstetrics stages, 

expression patterns of microRNA in cervical cancer patients not on therapy, 

and expression patterns of microRNA in cervical cancer patients with HIV. 
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CHAPTER THREE 

 METHODOLOGY 

 Chapter three describes the study design and sampling technique, 

study area and population, inclusion and exclusion criteria, sample size 

determination, data collection, laboratory procedures, analysis, and ethical 

clearance. In this cross-sectional study, individuals were chosen using a 

convenient sample technique. Some of the specific microRNAs were found in 

the plasma of individuals with cervical cancer and non-cancerous patients. 

Finally, a detailed summary of the handling and evaluation of the gathered 

data was presented with a detailed description. 

3.0 Research design  

The researcher used a cross-sectional design for the study. The cross-sectional 

research design was considered best for the study because, according to 

Cohen, Manion, and Morrison (2007), in a cross-sectional design, researchers 

gather data at a particular point in time to describe the nature of existing 

conditions or identify standards against which existing conditions can be 

compared. As Leedy and Omrod (2010) recommended, this method is suitable 

for making generalizations from a sample to a population so that inferences 

can be made about the population's characteristics, knowledge, practice, and 

experience. Cross-sectional design provides a more accurate and meaningful 

picture of an event. It allows researchers to compare many variables at the 

same time, and gather information about different age groups in a short period. 

 Irrespective of the strengths of the cross-sectional survey mentioned above, 

Fraenkel, Wallen, and Hyun (2012) identified difficulty in ensuring that the 

questions to be answered are clear and misleading, getting respondents to 
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answer questions thoroughly and honestly is a setback, and getting a sufficient 

number of questionnaires completed and returned so that meaningful analysis 

can be made is also a setback for the descriptive survey.  

Notwithstanding the difficulty and setbacks of the cross-sectional survey 

design indicated above, it was still deemed most appropriate and applicable for 

the study. It helped the researcher to gather accurate data on participants with 

cervical cancer and those without cervical cancer at both CCTH and KATH to 

answer the various research questions. 

3.1 Study Area  

Cape Coast Teaching Hospital (CCTH) in Cape Coast and Komfo 

Anokye Teaching Hospital (KATH) in Kumasi, both in Ghana served as the 

study locations. These two facilities were chosen because they met the 

requirements for the research purpose. The Cape Coast Teaching Hospital, a 

referral hospital with a 400-bed capacity, is located in Cape Coast. In the 

north, it is bordered by Abura Township; in the south, Pedu Estate/4th Ridge; 

in the east, Nkanfua; and in the west, Abura/Pedu Estate.  Cape Coast 

Metropolis (including Cape Coast North Municipal, Cape Coast South 

Municipal) with 189,925 population (2021) – census 122.0 km², area 

1,557/km², population density (2021) 1.0% annual population change from 

(2010 → 2021).  The Komfo Anokye Teaching Hospital is located in the 

Ashanti Region of Ghana. It is located in the Kumasi District and the Subin 

sub-district. The teaching hospital is also close to Adum, known as the 

business hub of Kumasi. Also, one surrounding landmark of the Komfo 

Anokye Teaching Hospital is the Kumasi Kejetia.  
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3.2 Population 

The current metro area population of Kumasi in 2023 is 3,768,000, 

a 3.8% increase from 2022. The population of cervical cancer cases in Kumasi 

was 108 stated in a study by (Amoako et al.,2019). However, the population of 

cervical cancer cases in Cape Coast in 2022 was 41 from records of CCTH. 

Females within the age group of 24 to 60 years from both Komfo Anokye 

Teaching Hospital and Cape Coast Teaching Hospital were recruited for the 

study. 

3.2.1 Inclusion criteria  

  Patients attending Komfo Anokye Teaching Hospital and Cape Coast 

Teaching Hospital who took part in the screening activities organized 

by both teaching hospitals and came out as negative for both HPV and 

cervical cancer were used as the non-cancerous patients, and those who 

turned out to be positive for cervical cancer patients were used for the 

study. 

 The study considered individuals within the age group of 24 to 60, 

though according to WHO, screening of patients for both HPV and 

cervical cancer should start at age 30. 

 The study only used patients who agreed to participate and gave their 

consent, the entire sampling process was assisted by a trained 

gynecologist from both Cape Coast Teaching Hospital and Komfo 

Anokye Teaching Hospital. 

3.2.2 Exclusion criteria  

 The study excluded cervical cancer patients with other comorbidities 

such as hepatitis B, HIV/AIDS, and syphilis, attending both Komfo 
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Anokye and Cape Coast Teaching Hospital after their samples were 

screened with rapid diagnostic test kits.  

 Patients aged below 24 years and above 60 years were excluded. 

 Patients from other teaching hospitals other than KATH and CCTH 

were excluded. 

3.3 Sampling Procedures 

3.3.1 Sample size determination 

 Choosing the appropriate number of observations or duplicates for a 

statistical sample is known as sample size determination. Convenient sampling 

was done, which is a non-probability sampling method where units are 

selected for inclusion in the sample because they are easier for the researcher 

to access.  

Samples were selected based on: 

 The availability of cervical cancer and non-cancerous patients at both 

Komfo Anokye Teaching Hospital and Cape Coast Teaching Hospital. 

 The willingness of cervical cancer and non-cancerous patients at both 

Komfo Anokye Teaching Hospital and Cape Coast Teaching Hospital to 

participate in the study. 

 If the health state of the cervical cancer and non-cancerous patients at both 

Komfo Anokye Teaching Hospital and Cape Coast Teaching Hospital was 

conducive enough for blood samples to be drawn. 

Therefore, a total sample size of 19 cervical cancer patients was obtained from 

the two teaching hospitals; this included 9 cervical cancer patients who were 

on therapy from Komfo Anokye Teaching Hospital and 10 cervical cancer 

patients who were not on therapy from Cape Coast Teaching Hospital. In 
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addition, a total sample of 21 patients screened as negative for both HPV and 

cervical cancer, thus,11 samples from Komfo Anokye Teaching Hospital and 

10 samples from Cape Coast Teaching Hospital were used, whose age range 

was similar to the age range of the cervical cancer patients (24-60years) were 

added to the study. Available samples collected were based on the inclusion 

and exclusion criteria.  

3.3.2 Sampling technique 

A total of 40 female participants who were sexually active and aged 

between 24 to 60 were recruited for this study. The participants were recruited 

using a convenient sampling technique. Venus blood was taken from each 

participant by a registered gynecologist. Available participants who accepted 

to participate in the study provided informed permission and were made aware 

of the study's purpose. Then, a questionnaire was given to each participant, 

read to their understanding, and assisted in answering it.  

3.4 Reliability of the instrument 

A pre-test was completed on the thermocycler, polymerase chain 

reaction (PCR), and Applied Biosystem Prism7500 Fast machine by 

calibrating the ABI FAST 7500 RT using a dedicated dye calibration plate 

such as FAM, JOE, ROX, SYBR provided by the manufacturer to confirm the 

results matched with the manufacture’s results and also the instrument's 

consistency. To avoid false positives and negatives, appropriate precautions 

and procedures were used to conduct the test on each sample. 

3.5 Ethical Consideration  

The ethical clearance approved for this current study was obtained 

from the institutional review boards of the University of Cape Coast, Cape 
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Coast Teaching Hospital, and Komfo Anokye Teaching Hospital with the 

clearance identification numbers UCCIRB/CHAS/2021/294, CCTHERC/EC/ 

2022/023 and KATH IRB/AP/025/23 respectively. 

Detailed information about the study methodology and a promise of 

confidentiality were given to the study participants. Prior to the collection of 

data and samples, each participant's informed consent was requested and 

acquired.  

3.6 Data Collection Procedures 

3.6.1 Collection of Socio-demographic data 

Data on age and gender were collected through a well-structured 

questionnaire. The questionnaire was divided into two sections: socio-

demographic characteristics, sample collection, and laboratory investigation.  

3.6.2 Blood Sample Collection 

Patients with cervical cancer and non-cancerous patients had their 

venous blood samples obtained by a registered gynecologist. Using a syringe, 

approximately 5mL of whole blood was taken from each participant and 

deposited into EDTA tubes that were kept at -80°C for additional testing. 

Blood samples were taken by a registered gynecologist.  

3.7 Laboratory methods 

3.7.1 Plasma collection and storage 

Blood samples were brought to the Department of Biomedical 

Sciences Laboratory, UCC, and centrifuged at 1500 x g at 10°C for 15 minutes 

to obtain plasma. Plasma was collected with a Pasteur pipette into a 1.5ml 

disposable cryovial tube (Jiangsu Huida Medical Instruments Co., Ltd.), 

labeled, well corked, and kept at -80°C, until assayed for immunological 
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analysis at the Department of Virology, Noguchi Memorial Institute for 

Medical Research. 

3.7.2 RADI RNA kit for RNA extraction  

 Extraction of RNA was done using a RADI RNA kit (KH MEDICAL, 

201, Jinwiseo-ro, Jinwi-myeon, Pyeongtaek-si, Gyeonggi-do, 12982, Republic 

of Korea). Nucleic acids of bacteria and viruses found in the samples were 

extracted using the RADI RNA kit. The nucleic acid that was extracted can be 

used in any experiment that calls for nucleic acids, including real-time PCR. 

RADI RNA kit is a spin column method that separates nucleic acids using a 

silica-based membrane. The sample is inactivated by the provided lysis buffer, 

the exposed nucleic acid is bound to the silica-based membrane, and 

impurities are removed by the washing buffer. After this, the purified 

DNA/RNA is eluted with an Elution buffer. 

3.7.3 Protocol for the Extraction of RNA 

 A total of 200µl of pre-treated sample was collected into a 1.5ml 

centrifuge tube. Lysis buffer (KSB) of 255µl containing carrier molecule and 

20µl of proteinase K were added and vortex thoroughly for 10 seconds to mix. 

Incubation was done at 56 ° C for 10 minutes. 350µl of Absolute ethanol was 

added and vortexed thoroughly for another 10 seconds to mix. The mixture 

was spun, dispensed, and centrifuged for one minute at 10,000 rpm. The spin 

column was then transferred to a new collecting tube, and the tube containing 

the filtrate was discarded. The spin column was then transferred to a fresh 

collecting tube, and the tube containing the passing liquid was discarded. 

Next, 500 µl of wash buffer 1 (KSW1) was dispensed into the spin column, 

which was then centrifuged at 10,000 rpm for one minute. The spin column 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



67 
 

was filled with 500 µl of Wash buffer 2 (KSW2), which was then centrifuged 

for three minutes at a full speed of 13,000 rpm. The passing liquid in the 

dispensing tube was discarded after centrifugation, and the spin column was 

transferred to a clean 1.5ml microcentrifuge tube. The spin column was filled 

with 70 µl of KSE buffer and left to sit at room temperature for 1 minute. The 

extracted RNA was then centrifuged at 10,000 rpm for 1 minute before being 

used right away.  

3.7.4 Brief introduction of the kit used for the cDNA synthesis 

The SYBR-Green microRNA reverse transcription kit from Applied 

Biosystems, Sangon Biotech was used for the cDNA synthesis of the extracted 

RNA. To convert particular microRNAs to cDNA after RNA extraction, this 

kit's components work with the appropriate RT primers in the SYBR-Green 

microRNA Assays.  

Table 3A: Constituent of MiRNA cDNA synthesis kit 

Constituents Volume 

2X miRNA L-RT solution mix     10 µl 

MiRNA L-RT Enzyme mix           1.5 µl 

RNase free water                            4.5 µl 

Total RNA/ microRNA                  3 µl    

Stem-loop primer (RT primer)  1 µl 

 

3.7.5 Process for cDNA synthesis 

A master mix was prepared using the constituents from the 

complementary DNA (cDNA) kit as shown in the table above. A quarter 

reaction was prepared from each constituent from the kit for the master mix 

for cDNA synthesis. Samples were run in duplicate. A quarter reaction was 

calculated against the initial volume of each constituent for preparing the 
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master mix as shown in the table below. For example, 11 samples were used 

against eight different primers and then aliquoted into a standard plate in the 

master mix room. Primers aliquoted into the standard plates were sent to the 

Pre-RNA room and the RNA sample extracted was also aliquoted into the 

same standard plate, mixed thoroughly, and then placed in a thermocycler. The 

thermocycler, was gently harmonized for 3-5 seconds, warmed at 16 ° C for 

30 minutes, incubated at 37 ° C for 30 minutes, and heated at 85 ° C for 5 

minutes to inactivate the enzyme and kept at 4 ° C. 

Table 3AI: Constituents for preparing quarter reaction of master mix for 

cDNA synthesis 

Reagents The volume of 

reaction for a sample 

Volume for a quarter 

reaction for 11 samples 

2XmiRNA L-RT 

solution mix 

10 µl 2.5x11=27.5 µl 

 

MiRNA L-RT enzyme 

mix 

1.5 µl 0.375x11= 4.13 µl 

RNase free water 3.5 µl 0.875x11= 9.63µl 

Stem-loop primer (RT 

primer) 

1 µl 0.25x11=2.75 µl 

Total 16 µl 44µl 

44 µl volume of master mix for cDNA synthesis was used for a sample. 

Table 3AII: Additional constituents to be added to the master mix for 

cDNA synthesis to run a sample 

Reagents The volume of 

reaction for a sample 

The volume of a 

reaction for 11 

samples 

Total RNA/microRNA 4 µl 1 µl 

Total  4 µl 1 µl 
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The total volume of the master mix and the additional constituents 

used for a sample should sum up to 45 µl. 

3.7.6 Polymerase chain reaction (PCR) 

After the complementary DNA (cDNA) was created, a fluorescent RT 

PCR was performed using the created cDNA as a template. When compared to 

non-cancerous patients, the target microRNAs for these assays were found to 

have distinct expression patterns, suggesting that they may promote the spread 

of cancer (Esquela-Kerscher et al., 2006; Volinia, et., al., 2006). A microRNA 

qPCR kit, a SYBR-Green MicroRNA Reverse Transcription Kit from Applied 

Biosystems, Sangon Biotech was used to amplify the generated DNA after the 

addition of PCR chemicals. On the Applied Biosystems SYBR-Green 

Prism7500 Fast qPCR equipment, each sample was run in duplicate.  

Table 3AIII: Constituent of qualitative Polymerase Chain Reaction 

(qPCR) kit 

Constituent Volume 

2X MiRNA of PCR master mix      10 µl 

ROX Dye(L)   1 µl                            

RNase free water                               6 µl 

Forward primer                               0.5 µl 

Reverse primer                                0.5µl 

 

3.7.7 Process for qualitative Polymerase Chain Reaction (qPCR)                        

Constituents in the PCR kit were used to prepare the Master mix for 

the PCR run. A quarter reaction was calculated against the initial volume of 

each constituent for preparing the master mix as shown in the table below. For 

example, 11 samples were used against eight different primers and then 

aliquoted into the fast trip plate in the master mix room.  The fast trip plate 

was sent to the Pre-RNA (2) room and the template (cDNA) was also 
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aliquoted into the same fast trip plate. It was then mixed thoroughly and 

placed in the Applied Biosystems Prism7500 Fast machine. All the 

experiments were repeated two times. The reaction mixtures were incubated at 

95°C for 5secs, followed by 40 cycles of 5 secs at 60°C and 30 secs at 64°C.  

  The specificity of each of the seven microRNAs (miR-specific) used 

in the qRT-PCR experiment was examined using melt curve analysis. The Ct 

values for each microRNA and the qRT-PCR were linearly correlated with the 

amplification of a particular target microRNA. In terms of the seven 

microRNAs' dissociation curves, the melting curve analysis just had one peak 

produced by the qRT-PCR experiment with no further peaks. This shows that 

a single PCR-amplified product was present and that the qRT-PCR experiment 

was specific. In both groups of cervical cancer patients in this investigation, 

the melting temperatures for all seven microRNAs were between 78°C ± 1°C 

for miR-146a, 79°C ± 1°C for miR-155, 80°C ± 1°C for miR-29a, 80°C ± 1°C 

for miR-29b, 80°C ± 1°C for miR-34a, 78°C ± 1°C for miR-233  and 80°C ± 

1°C for miR-27a in both groups of cervical cancer patients in this study. 

Table 3AIV: Constituents for preparing quarter reaction of master mix 

for PCR  

Reagents The volume of 

reaction for a sample 

The volume of a 

reaction for 11 samples  

2X MiRNA of PCR 

master mix 

10 µl 2.5x11= 27.5 µl 

ROX Dye(L) 1 µl 0.25x11= 2.75 µl 

RNase free water 6 µl 1.5x11= 16.5 µl 

Forward primer 0.5 µl 0.125x11= 1.38µl 

Reverse primer 0.5 µl 0.125x11= 1.38µl 

Total 18 µl  49.5µl 
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49.5µl volume of master mix for PCR was used for a quarter reaction for 11 

samples. 

Table 3AV: Additional constituents to be added to the master mix for 

PCR to run a sample 

Reagents The volume of reaction 

for a sample 

The volume of a 

reaction for 11 

samples 

Template DNA 2 µl 0.5µl 

Total  2µl 0,5µl 

 

 The total volume of the master mix and the additional constituents 

used for a sample should sum up to 50 µl 

3.7.8 MicroRNA primers 

These are the list of the eight (8) microRNAs used. In cycle thresholds 

(Ct) for cervical cancer patients on therapy, cervical cancer patients not on 

therapy, and non-cancerous patients, seven microRNAs were calculated and 

normalized to one microRNA, that is miR-16, which was found to be the 

literature's most often used endogenous control microRNA for RT-qPCR 

(Schrauder et al.,2012). However, only seven microRNAs were screened from 

the plasma of all cervical cancer patients, both on therapy and not on therapy, 

and non-cancerous patients. These micro RNAs were used because most of 

them were associated with cervical cancer cases in other studies. 
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Table 3AVI: MicroRNAs with their RT primer 

Oligo name Stem loop RT primer and qPT-PCR Foward-primer  

5’ to 3’ 

hsa-miR-146a- 

RT 

miR-146a-F 

Gtcgtatccagtgcagggtccgaggtattcgcactggatacgacaaccca 

 

gccgtgagaactgaattcca  

hsa-miR-155 

miR-155-F 

Gtcgtatccagtgcagggtccgaggtattcgcactggatacgacacccct 

Cggcttaatgctaatcgtgat 

hsa-miR-29a 

miR-29a-F 

gtcgtatccagtgcagggtccgaggtattcgcactggatacgac taaccg 

 cggctagcaccatctgaaat  

hsa-miR-29b 

miR-29-F 

gtcgtatccagtgcagggtccgaggtattcgcactggatacgacaacact  

cgcgtagcaccatttgaaatc  

hsa-miR-34a 

miR-34a-F 

gtcgtatccagtgcagggtccgaggtattcgcactggatacgacacaacc  

atcgtggcagtgtcttagct  

hsa-miR-223 

miR-223-F 

gtcgtatccagtgcagggtccgaggtattcgcactggatacgacaactca  

gcaacgtgtatttgacaagc  

hsa-miR-27a 

miR-27a-F  

gtcgtatccagtgcagggtccgaggtattcgcactggatacgacgcggaa  

cgcattcacagtggctaag   

 

U6 

ctcgcttcggcagcaca (forward) 

aacgcttcacgaatttgcgt (reverse) 

Universal reverse 

primer 

 

Gtgcagggtccgaggt 

 

    

3.8 Data Analysis 

       Microsoft (MS) Excel (version 2016) was used to load all obtained 

data, and GraphPad Prism 9.3.1(471) (GraphPad Software Inc., CA) was used 

for statistical analysis. The sociodemographic features and additional relevant 

aspects were described using descriptive statistics.  

The Kruskal-Wallis test was employed to examine the variations in 

microRNA expression levels among the fold change of cervical status, 

including non-cancerous patients, positive patients with cervical cancer who 

are not on therapy, and positive patients with cervical cancer who are on 

therapy. Each median was given together with its standard deviation (SD). 
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When the p-value is less than 0.05 (p-value ˂ 0.05), statistical significance 

was taken into account.  

3.8 Chapter Summary  

Participants for this cross-sectional study were drawn from the Cape 

Coast Teaching Hospital (CCTH) and the Komfo Anokye Teaching Hospital 

(KATH) located in Ghana's Central and Ashanti regions, respectively. Using a 

convenient sample technique, 40 adult females between the ages of 24 and 60 

who consented to participate in the study were selected.  

The study was first given the go-ahead by the UCC, CCTH, and 

KATH IRB boards, with clearance identification numbers of UCCIRB/ 

CHAS/2021/294, CCTHERC/EC/2022/023 and KATH IRB/AP/ 025/23, 

respectively.  

Both cervical cancer and non-cancerous patient samples were 

extracted, and all of the samples taken were run through complementary DNA 

(cDNA) synthesis and Polymerase Chain Reaction (PCR) using particular 

primers.  GraphPad Prism 9.3.1(471) was used to examine the data after being 

entered into MS Excel 2016 for analysis (GraphPad Software Inc., CA).                                                    
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CHAPTER FOUR 

 RESULTS AND DISCUSSION 

 After seven different microRNAs were analyzed on each of the 40 

samples used in this study, the fold change of the data was calculated using the 

Shapiro-Wilk test. The study employed non-parametric tests because the data 

obtained did not conform to normal distributions. The normality of the data 

was evaluated by the Shapiro-Wilk test. Numbers were used to express 

categorical data. The frequency was used to categorize ages, marital status, 

and cervical cancer stages into percentages. Results for each parameter were 

displayed as a median and interquartile range (IQR). Individuals' microRNA 

expression levels were compared using Dunn’s multiple comparisons test 

depending on whether they had cervical cancer, including cervical cancer 

patients on treatment, cervical cancer patients not on therapy, and non-

cancerous patients. The differences in the microRNA expression levels among 

cervical cancer status groups, including cervical cancer patients on therapy, 

cervical cancer patients not on therapy, and non-cancerous patients were 

performed using Kruskal-Wallis analysis. To examine the stages of cervical 

cancer patients' microRNA expression, the receiver operating characteristic 

curve (ROC) was used. MS Excel and GraphPad Prism 6.0 (GraphPad 

Software Inc., CA) were used for all statistical analyses. A 95% confidence 

interval and a p-value of less than 0.05 were required for the results to be 

considered significant.  
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4.0 Socio-demographic characteristics of participants 

After receiving consent and a 100% response rate, all forty patients 

were included in the research. The ages of participants ranged from 24 years to 

60 years and the majority of the participants, 57.5% (n=23) were within the 

age range of 46 years to 60years, followed by 25% (n=10), within the age 

range of 35years to 45years and 17.5% (n=7) within the age range of 24 years 

to 34years. As shown in Table 4.1, 70% (n=7) of patients were in stage III, 

20% (n=5) were in stage IV, and 10% (n=3) were in stage II. Age showed a 

significant difference of p=0.41 to the cervical cancer status; cervical cancer 

patients on therapy, cervical cancer patients not on therapy, and non-cancerous 

patients. For each experiment, duplicate samples were conducted. Cycle 

thresholds (Ct) for cervical cancer patients on therapy, cervical cancer patients 

not on therapy, and non-cancerous patients were determined and standardized 

to miR-16, which was found to be the literature's most widely utilized 

endogenous control microRNA for RT-qPCR (Schrauder et al.,2012). The 

comparative Ct approach was used to calculate the levels of microRNA 

expression in cervical cancer patients on therapy, cervical cancer patients not 

on therapy, and non-cancerous patients. The Ct value was computed by 

deducting the Ct values for each unique mature microRNA response from the 

average Ct values of the non-cancerous patients' miR-16 for each sample. The 

-ΔΔCt value was determined by deducting the -ΔCt value of a normal sample 

from the respective -ΔCt values of the patient samples. The relative expression 

levels of all the seven microRNAs used were evaluated using 

the 2
−ΔΔ

C
t
 method. (Ohysahiki et al.,2011, Schrauder et al.,2012).  
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Table 4.1: Characteristics of the subjects participating in the study 

Characteristics Total 

Number 

Frequency 

(%) 

non-cancerous 

patients(n=21) 

Cervical cancer patient not on 

therapy 

(n=10) 

Cervical cancer 

patient on therapy 

(n=9) 

P value 

Age range/years 40  21-60 34-60 30-60 0.4057 

 

Median ± SD 

Age range 

24-34 

35-45 

46- 60 

 

Marital status 

Single 

 

Married                                              

 

Divorced 

 

 

 

 

 

 

 

 

14 

 

8 

 

18 

 

 

 

7(17.5) 

10(25) 

23(57.5) 

 

 

(35) 

 

(20) 

 

(45) 

 

42.0±11.67          

 

49.5±8.7           

 

46.0±8.4 

 

FIGO stages       

 

II 

 

3                                                            

 

(10) 

    

III 7 (70)     

IV 5 (20)     

Kruskai-Wallis test was used to calculate the median and standard deviation of all ages of the cervical status thus, cervical cancer patients on 

therapy, cervical cancer patients not on therapy, and non-cancerous patients with a p-value p=0.41. 
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4.1 Expression patterns of microRNA to the fold change of non-cancerous 

patients, cervical cancer patients on therapy, and cervical cancer patients 

not on therapy. 

In Table 4.2; the study analyzed the difference in the expression 

patterns of microRNA to the fold change of non-cancerous patients, cervical 

cancer patients on therapy, and cervical cancer patients not on therapy. Among 

the seven microRNAs used, the values of only three microRNAs, such as miR-

146a, miR-155, and miR-27a, were statistically significant to the fold change 

of cervical cancer patients on therapy, control, and cervical cancer patients not 

on treatment with p values of, p=0.0443, p=0.0130 and p=0.0085 respectively.
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Table 4.2: Median, IQR, and p-value of the seven microRNAs used 

MICRORNA non-cancerous patients 

Median 

POSITIVE CC PATIENT WITHOUT 

THERAPY 

Median 

POSITIVE CC PATIENT WITH 

THERAPY 

Median 

P value 

MiR-146a 0.54(0.41-

0.90) 
 

1.42(1.08-2.80) 
 

0.37(0.12-6.05) 
 

0.04 
 

MiR-155 0.59(0.25-

1.36) 
 

0.10(0.00-0.31) 
 

0.66(0.34-1.47) 
 

0.01 
 

MiR-29a 0.70(0.27-

1.59) 
 

0.60(0.09-1.76) 
 

0.31(0.10-0.81) 
 

0.35 
 

MiR-29b 0.72(0.32-

0.96) 
 

0.09(0.01-2.44) 
 

0.62(0.19-2.71) 
 

0.28 
 

MiR-34a 0.92(0.35-

1.12) 
 

0.35(0.02-1.37) 
 

0.24(0.14-1.64) 
 

0.25 
 

MiR-233 0.58(0.35-

1.04) 
 

0.35(0.14-1.04) 
 

0.72(0.29-1.44) 
 

0.65 
 

MiR-27a 0.38(0.14-

0.79) 
 

0.42(0.07-4.41) 
 

1.44(0.83-7.02) 
 

0.01 
 

The variations in microRNA expression levels between the fold change of the cervical status, including non-cancerous patients, Positive cervical 

cancer patients not on therapy, and Positive cervical cancer patients on therapy were analyzed using the Kruskal-Wallis test. Data from the table 

represent the median with IQR with p-value, <0.05, and values of only miR-146a, miR-155, and miR-27a were significantly different. IQR – 

Interquartile range, CC-Cervical Cancer. 
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4.2 Expression patterns of microRNA among cervical cancer status 

MicroRNA expression levels were compared with the three categories- 

non-cancerous patients, cervical cancer patients on therapy, and cervical 

cancer patients not on therapy. However, in Fig 4.1B, miR-155 expression 

level was found to be upregulated in non-cancerous patients when compared 

to cervical cancer patients, not on therapy, while cervical cancer patients not 

on therapy were found to be downregulated with a p-value of 0.02. In Fig. 

4.1G, the expression level of miR-27a was also elevated in the non-cancerous 

patients compared to cervical cancer patients on therapy, with a p-value of 

0.01. The remaining genes' expression levels of microRNAs, such as miR-

146a, miR-29a, miR-29b, miR-34a, and miR-233, were not statistically 

significantly different among cervical cancer patients on therapy, cervical 

cancer patients not on therapy, and non-cancerous patients using (Dunn's 

multiple comparisons test). 
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E F G  

Figure 4.1: Expressions pattern of microRNAs among cervical cancer status thus, positive cervical cancer patients not on therapy, positive 

cervical cancer patients on therapy, and non-cancerous patients 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



82 
 

A graphical representation of microRNA expression in plasma of study 

participants grouped into three categories thus, non-cancerous patients, 

cervical cancer patients on therapy (Positive on therapy), and cervical cancer 

patients not on therapy (Positive not on therapy). The seven different 

microRNAs analyzed among the three categories are miR-146a (a), miR-155 

(b), miR-29a (c), miR-29b (d), miR-34a (e), miR-233 (f), miR-27a (g). The 

expression patterns of microRNAs, miR-155 and miR-27a showed a 

statistically significant difference with p values of (p = 0.02, and p = 0.01 

respectively), while miR-29a, miR-29b, miR-233, miR-146a, miR-34a were 

not significantly different with a p-value of (p = ˃0.99, p ˃0.99, p ˃0.99, p ˃ 

0.07, p = ˃ 0.65) respectively between the study groups according to Fig. 4.1 

4.3 microRNA among the different statuses of cervical cancer  

In Table 4.3; with cervical cancer classified into some FIGO stages, 

non-cancerous patients, cervical cancer patients on therapy, and cervical 

cancer patients not on therapy, the expression patterns of microRNAs such as 

miR-146a, miR-155, and miR-29b were highly expressed (p values, p=0.03, 

p=0.00, and p=0.02, respectively). However, results in the table were 

presented in the median and inter-quartile range, but some were only in 

the median without the inter-quartile range because only one participant was 

present in those FIGO stages of cervical cancer patients as shown in Table 4.3. 
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Table 4.3: Showing the median with IQR, and p-value of microRNA among the different FIGO stages of cervical cancer patients on 

therapy and cervical cancer patients not on therapy 

FIGO STAGES miR-146a miR-155 miR-29a miR-29b miR-34a miR-233 miR-27a 

CC not on Thpy S2b 0.32(0.19-0.46) 0.06(0.00-

0.06) 

0.89(0.13-

1.66) 

0.07(0.01-

0.14) 

0.29(0.13-

0.57) 

1.21(0.13-

0.57) 

0.31(0.06-

0.56) 

CC on Thpy S2b 1.41 0.03 0.16 0.00 0.21 0.79 0.82 

CC not on Thpy S3a 0.28 0.02 0.60 0.01 0.01 0.14 0.03 

CC on Thpy S3a 0.89 0.66 0.05 0.24 0.09 0.37 2.95 

CC not on Thpy S3b 0.12 0.43 0.60 2.30 0.59 1.37 5.305 

CC on Thpy S3b 1.34(0.35-1.34) 1.115(0.382-

1.467) 

0.239(0.843-

0.973) 

1.61(0.73-

2.99) 

0.45(0.29-

2.23) 

0.87(0.25-

1.46) 

2.294(0.714-

11.930) 

CC not on Thpy S4a 0.11 0.003 0.004 0.01 0.12 0.03 0.289 

CC on Thpy S4a 2.80(2.34-3.26) 0.30(0.30-

0.98) 

0.44(0.44-

0.44) 

0.21(0.15-

0.26) 

0.13(0.07-

0.19) 

0.40(0.03-

0.72) 

1.058(0.830-

1.286) 

CC not on Thpy S4b 10.46 0.15 2.08 5.70 37.14 0.49 0.275 

CC on Thpy S4b 8.89 3.92 3.52 12.36 2.97 4.38 10.890 

p-value 0.03 0.00 0.41 0.02 0.10 0.54 0.0964 

Using the Kruskal-Wallis test, the variance in microRNA expression levels between non-cancerous patients, cervical cancer patients not on 

therapy, and cervical cancer patients on therapy among different categories of stages. Data on the table are presented in median with IQR. 

Among all seven microRNAs compared to non-cancerous patients, cervical cancer on therapy stages and cervical cancer not on therapy stages, 

mir-146a, mir-155, and mir-29b showed a significant difference with p-value, p <0.05. IQR – Interquartile range; CC- Cervical cancer; Thpy- 

Therapy; S- Stages; miR-MicroRNA; p-value, <0.05. 
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4.4 MicroRNA expression among cervical cancer patients in International 

Federation of Gynaecology and Obstetrics (FIGO) stages of cervical 

cancer 

The graphs below represent microRNA expression according to 

clinical grading with cervical cancer status, thus positive cervical cancer 

patients not on therapy (Pos no thpy), positive cervical cancer patients on 

therapy (Pos with thpy), and non-cancerous patients. The International 

Federation of Gynaecology and Obstetrics (FIGO) stages were used to 

determine the clinical state. The study samples came from cervical cancer 

patients at various clinical stages (stage 2b, stage 3a, stage 3b, stage 4a, and 

stage 4b).  

 Using one-way ANOVA, statistical analysis revealed significant 

expressions between the cervical cancer status and its stages for the following 

targeted microRNAs: miR-155, miR-146a, miR-29b, miR-34a, miR-223, and 

miR-27a (Figure 4.2). With the help of the statistical analysis, we contrasted 

the various stages of each microRNA using the t-test, non-parametric test, and 

Wilcoxon test.  Most of the microRNAs' expression patterns when compared 

to the stages were found that all but miR-29a had a statistically significant 

difference. 

Figure 4.2 (A): The expression profile of miR-146a indicated a significant 

difference when compared among positive cervical cancer patients with 

therapy (Pos with thpy), positive cervical cancer patients without therapy (Pos 

no thpy), and non-cancerous patients to the International Federation of 

Gynaecology and Obstetrics (FIGO) stages of cervical cancer. Among all the 

cervical cancer patients in the FIGO stages of cervical cancer, when 
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comparing positive cervical cancer patients with therapy (Pos with thpy) to 

positive patients without therapy (Pos no thpy) and the non-cancerous patients, 

the expression profile of miR-146a in stage 4a of the disease was found to be 

highly expressed. The p-value was found to be 0.01 and a fold change of 2.26.  

  When compared to non-cancerous patients and positive cervical cancer 

patients without therapy in connection to the FIGO stages of cervical cancer, 

however, pos without thpy was elevated in stage 4b with a p-value of 0.00 and 

a fold change of 2.26, but pos with thpy was downregulated. 

Figure 4.2 (B):  In stage 4b, the expression profile of miR-155 showed 

a significant difference, when pos with thpy was found to be upregulated to 

pos no thpy and non-cancerous patients with a p = 0.00 and a fold change of 

3.34, while pos no thpy, downregulate to pos with thpy and control.  

Figure 4.2 (D): When pos no thpy was found to be elevated in stage 

3b, with a p value of 0.00 and a fold change of 0.88 in comparison to pos with 

thpy and non-cancerous patients, there was a statistically significant difference 

in the expression pattern of miR-29b. Though pos with thpy was 

downregulated in stage 3b, it was found to be upregulated in stage 4b with p = 

0.00 and fold change of 1.58 when compared to pos no thpy and non-

cancerous patients, however, pos no thpy was downregulated.  

Figure 4.2 (E): MiR-34a showed a significant difference in the 

expression pattern in stage 4b, in comparison to non-cancerous patients, pos 

without thpy was upregulated (p = 0.00 and fold change of 9.54) while pos 

with thpy was downregulated (p = 0.00 and fold change of 8.35).  

Figure 4.2 (F): The expression pattern of miR-233 also showed a 

significant difference in stage 4b, when pos with thpy was upregulated with a 
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p = 0.01 and a fold change of 3.80, and pos no thpy was downregulated in 

comparison to non-cancerous patients.  

Figure 4.2 (G):  The expression profile of miR-27a was highly expressed 

when pos with thpy was found to be upregulated with p= 0.00 and fold change 

of 0.34 and pos no thpy was downregulated to non-cancerous patients in stage 

3a. In contrast, it was discovered that in stage 3b, pos without thpy was 

downregulated while pos with thpy had an upregulated fold change of 4.93 

and a p-value of p=0.00.  

Meanwhile, in Figure 4.2 (B): When compared to both pos with thpy, 

pos without thpy, and non-cancerous patients at all stages, miR-29a's 

expression profile did not exhibit any significant differences.  
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Figure 4.2: microRNAs expression among cervical cancer patients in International Federation of Gynaecology and Obstetrics (FIGO) stages of 

cervical cancer 
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4.5 Correlation, linear and multiple linear regression against the 

expression pattern of microRNAs 

Among all the seven microRNAs used against the effects of 

treatments, only miR-29a showed a significant correlation with a p-value of 

p=0.01, and correlation coefficient (r) = -0.82, whilst the remaining 

microRNAs such as miR-146a, miR-155, miR-29b, miR-34a, miR-233, and 

miR-27a did not show any significant correlation against the effect of 

treatment with p-value ˃ 0.05, using non-parametric spearman correlation.  A 

crude analysis using simple linear regression was used for the four 

microRNAs miR-29a,  miR-34a,  miR-27a, and  miR-155 against the effect of 

treatment and none of the microRNAs showed statistically significant 

difference but when age was adjusted against the effect of treatment using 

adjusted analysis thus multiple Linear Regression, miR-34a, miR-27a and 

miR-155 showed a statically significant difference with p-value 0.04, 0.01 and 

0.05 respectively and parameter estimate (β2) of -0.31, -1.43 and  -0.31  

respectively against the effect of treatment but miR-29a did not show any 

significant difference. 
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Table 4.4: Correlation, linear regression, and multiple linear regression among the effects of treatment against the expression pattern of 

microRNAs such as MiR155, MiR-29a, MiR-34a, and MiR-27a. 

 

 

microRNAs 

 

CORRELATION CRUDE ANALYSIS 

Linear Regression 

ADJUSTED ANALYSIS 

Multiple Linear Regression Weeks (β2) 

P value and r P value and (95 CI) P value and (95 CI) Parameter 

Estimate (β2) Age  Weeks 

MiR-155 0.20(-0.47)  0.46(35.39 to 54.15) 0.13(2.42 to 7.88) 0.05(-0.61 to -0.01) -0.31 

MiR-29a 0.01(-0.82) 0.76(37.73 to 54.75) 0.13(92.36 to 7.15) 0.09(-0.58 to 0.06) -0.26 

MiR-34a 0.69(-0.15) 0.33(36.41 to 52.94) 0.16(2.24 to 7.35) 0.04(-0.58 to -0.02) -0.31 

MiR-27a 0.15(-0.52) 0.22(35.60 to 52.17) 0.13(2.37 to 7.59) 0.01(-2.42 to -0.45) -1.43 
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4.6 Effects of treatments against the seven microRNAs 

Among all the seven microRNAs used against the effects of treatments, only 

miR-29a showed a significant correlation with a p-value of p=0.01, and 

correlation coefficient (r) = -0.82, whilst the remaining microRNAs such as 

miR-146a, miR-155, miR-29b, miR-34a, miR-233, and miR-27a did not show 

any significant correlation against the effect of treatment with p-value  ˃ 0.05, 

using non-parametric spearman correlation. Simple linear regression was used 

to identify the direction of the fold change of miR-29a against the effect of 

treatment, and it was discovered that miR-29a's fold change was decreasing, 

suggesting that miR-29a downregulates in opposition to the effects of 

treatment. Table 4.4 has the detailed information.    

2 4 6 8 10

-4

-2

0

2

4

Effects of Treatment against miR-29a Expression

Weeks

M
ir

 2
9
a

 

Figure 4.3: Correlation of Effects of treatment on the fold change of miR-29a. 

4.7 Diagnostic Potential values of microRNAs 

The diagnostic utility of each microRNA in this study was evaluated by 

creating ROC curves and the area under the curve (AUC). The cut-off points 

of each microRNA for patients with cervical cancer who were not on therapy 
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based on FIGO stages of cervical cancer patients were examined. According to 

Nahm. (2022) among the seven microRNAs examined, miR-155 showed 

extremely good diagnostic performance, and miR-146a, miR-34a, and other 

microRNAs demonstrated fair diagnostic performance to identify cervical 

cancer patients not on therapy at various FIGO stages of cervical cancer. The 

AUC was considered independently after ROC curves for the chosen 

microRNAs were created. According to Table 4.5, the AUC and the 95% CI of 

microRNAs such as miR-146a, miR-155, and miR-34a were 0.77 (0.47-1.00), 

0.91 (0.78-1.00), and 0.71 (0.42-0.10), respectively. The area under the ROC 

curve calculates a test's usefulness; a larger area indicates a more beneficial 

test.  The utility of the microRNAs in comparison to non-cancerous patients 

and cervical cancer patients not on therapy was assessed using the area under 

ROC curves. Four of the seven microRNAs used, including miR-29a, miR-

29b, miR-27a, and miR-233, had AUC values that were less than 0.6, with an 

AUC value of 0.5 indicating that the ROC curve is diagonal (i.e., 45-degree 

line) The remaining three microRNAs, miR-146a, miR-155, and miR-34a, 

have shown to be effective diagnostic tools with p values, p ˂ 0.5 indicating 

that the ROC curves were above the diagonal line, and as a result, the 

diagnostic test has no discriminatory ability to identify a patient that has the 

disease or not. However, ROC curves above the diagonal line are thought to 

have the ability to distinguish between patients who have the condition and 

those who don't. The information in Table 4.5 also showed that the examined 

microRNAs had the following accuracy in their sensitivity and specificity: 

miR-155> miR-146a> miR-34a. Table 4.5 provides a detailed breakdown of 

the three microRNAs' diagnostic values.  
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Table 4.5: Receiver operating characteristic curves for microRNAs of the fold change of cervical cancer patients not on therapy based 

on FIGO stages 

MIRORNAs AUC 95% CI CUT-OFF SENSITIVITY SPECIFICITY P VALUE LIKELIHOOD RATIO 

MiR-155 0.91 0.78 to 1.00 ˂0.22 83.33% 80.95% 0.00 4.38 

MiR-146a 0.77 0.47 to 1.00 ˂0.48 83.33% 66.67% 0.05 2.50 

MiR-34a 0.71 0.42 to 1.00 ˂0.60 83.33% 66.67% 0.11 2.50 

microRNA of cervical cancer patients not in therapy stages; AUC, Area under the curve; CI, Confidence Interval 95%; p-value, ˂ 0.5. 
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4.8 Receiver operating curves (ROC) of microRNAs among the fold 

change of cervical cancer patients not on therapy according to the FIGO 

stages of cervical cancer   

The receiver operating characteristic curves for the 3 distinct 

microRNAs of cervical cancer patients not on therapy are shown in Figure 5. 

According to Fig 4.4 (A), sensitivity was 83.3 percent and specificity was 

80.95 percent when the cut-off value was set to the optimal level of 0.22, and 

AUC of 0.91 which depicts the ROC curve of miR-155. Fig 4.4 (B) Sensitivity 

was 83.33 percent and specificity was 66.67 percent on the ROC curve for 

miR-146a, which had an AUC of 0.77 when the cut-off value was adjusted to 

the ideal level of 0.48 and Fig 4.4 (C) ROC curve of miR-34a, the AUC was 

0.71 when the cut-off value was set to the optimal point of ˂ 0.60, sensitivity 

was 83.33%, and specificity was 66.67%. Table 4.5 provides a detailed 

breakdown of the three microRNAs' diagnostic values. 
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A B C  

 

Figure 4.4: Receiver operating curves (ROC) of microRNAs among the fold change of cervical cancer patients not on therapy according to the 

FIGO stages of cervical cancer and non-cancerous patients showing their diagnostic potential. 
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4.9 Discussion 

Cervical cancer is associated with significant rates of mortality and 

morbidity, which disproportionately impact women that are young between 

the ages of 30 and 50, the disease is still considered a public health concern 

(Shah et al.,2016). Although the most common preventive approach for 

identifying cervical cancer is the Pap smear test, it has certain drawbacks 

(Zhang et al.,2015). Therefore, novel ways are needed for early detection, 

prognosis, and therapy to prevent this disease.  

MicroRNAs have been acknowledged as a new class of minimally 

invasive biomarkers because of their consistency and potential clinical utility 

in the early identification of the cervical intraepithelial neoplasia stage. The 

level of microRNA can be altered in either direction when there are genetic 

and epigenetic changes in malignancies (Chen et al., 2014; Dundea-Simon et 

al.,2022). However, this study was intended to determine the circulating 

microRNA in the plasma of cervical cancer patients at some selected teaching 

hospitals in Ghana.  

In this study, the ages of participants ranged from 24 years to 60 years and 

the majority of the participants, 57.5% were within the age range of 46 years 

to 60years, followed by 25% within the age range of 35years to 45years and 

17.5% within the age range of 24 years to 34years. The majority of age 

participants for cervical cancer were between the ages of 46 to 60 years, which 

relates to why the screening recommendations by WHO,2021, state that 

women should begin to do HPV DNA screening at the age of 30 years since 

HPV DNA testing has higher sensitivity for detecting precancer and cancers. 

A study by Forman et al., (2012) suggests that about 11-12% of sexually 
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active individuals globally are infected with HPV at any given time. By age 

50, up to 80% of sexually active women may have been infected with at least 

one type of HPV (Smith et al.,2008). HPV infection rates in West Africa vary 

widely, with studies reporting prevalence rates between 20% and 50% among 

sexually active women (Smith et al.,2008). High-risk HPV types, particularly 

HPV 16 and 18, are commonly detected and are associated with cervical 

cancer (Ramakrishnan et al.,2015). Specific countries such as Ghana and 

Nigeria report higher prevalence rates, often exceeding 30% among women 

attending gynecological clinics (Konadu et al.,2019). A study by Schubert et 

al., (2023) suggests that cervical cancer is the fourth most common cancer 

among women worldwide, with an estimated 604,000 new cases diagnosed in 

2020. The global age-standardized incidence rate is approximately 9.2 per 

100,000 women (Zhang et al.,2019). Cervical cancer accounts for about 

342,000 deaths annually, making it a significant cause of cancer-related 

mortality among women (Hosono, S. 2024). The global mortality rate is 

approximately 7.5 per 100,000 women (Sopik et al.,2015). Cervical cancer is 

a significant health issue in West Africa, with incidence rates ranging from 20 

to 13.1 per 100,000 women in various countries (Arbyn et al.,2020). 

Countries like Ghana, Nigeria, and Sierra Leone report some of the highest 

rates in the region. The region experiences high mortality rates associated with 

cervical cancer, with an estimated 341,831 deaths annually attributed to the 

disease (Bogdanova et al.,2022). Cervical cancer poses a significant health 

threat to women worldwide, necessitating effective screening strategies. 

Traditional methods, such as Pap smears and HPV testing, are essential for 

early detection but present several inconveniences that limit their 
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effectiveness. Therefore, the exploration of microRNAs (miRNAs) as 

biomarkers offers a promising alternative that can address these issues, which 

will help reduce the mortality and morbidity rates in our developing countries. 

  Identifying the expression patterns of specific microRNAs in cervical 

cancer patients on or not on therapy and healthy individuals could serve as 

diagnostic, prognostic, and treatment markers. The expression pattern of seven 

different microRNAs such as miR-146a, miR-155, miR-29a, miR-29b. miR-

34a, miR-233, and miR-27a among cervical cancer statuses such as non-

cancerous patients, positive cervical cancer patients on therapy, and positive 

cervical cancer patients not on therapy were investigated. However, only two 

microRNAs (miR-155 and miR-27a) showed statistically significant 

differences in their expression profiles among cervical cancer status, thus, 

positive cervical cancer patients not on therapy, positive cervical cancer 

patients on therapy, and non-cancerous patients. According to research by 

Papaconstantinou et al. (2013) and Wang et al. (2009), there was a significant 

difference in the expression pattern of miR-155 between the non-cancerous 

patients and positive cervical cancer patients who were not on therapy in this 

study, which suggested that plasma and tumor tissues had elevated expressions 

of miR-155 and that tissue expressions were linked to tumor stage and a 

poorer prognosis for patients with cervical cancer undergoing therapy than for 

non-cancerous patients. Further study by Lv et al. (2018) discovered that 

patients who reacted to the medication had much lower levels of miR-155, and 

this downregulation was linked to a stronger response to the therapy.  

 However, in this study, when cervical cancer patients were generally 

analyzed in the non-cancerous patients, the expression pattern of miR-155, 
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was found to be upregulated in cervical cancer patients than the non-cancerous 

patients which was similar to a study by Sun et al., (2016), who found that the 

expression of the miR-155 was substantially higher in cervical cancer tissues 

than it was in the non-cancerous tissues. In cervical cancer tissues, Wang et al. 

(2008) also discovered that the expression pattern of miR-155 was up-

regulated. A study by Lei et al. (2012) demonstrated that ectopically 

overexpressed miR-155, which has been associated with cervical cancer, acts 

as a tumor suppressor. It prevents the epithelial-mesenchymal transition 

(EMT) and makes cervical cells chemo-sensitive while impeding cell 

expansion, migration, and invasion. The expression pattern of miR-155 

mimics has the potential to partially correct the down-regulation of E-cadherin 

brought on by EGF (epidermal growth factor) therapy in cervical cells.  It 

specifically binds to two binding locations in the Smad2 gene's 3' UTR. MiR-

155 was overexpressed, which causes the suppressor of mothers against 

decapentaplegic (SMAD2) to be downregulated. Moreover, miR-155 prevents 

cervical cancer's EGF-induced EMT, and by preventing EMT, miR-155 

increases the cervical cells' chemo-sensitivity to cisplatin treatment. The 

expression pattern of miR-155 in cervical cancer patients in comparison to 

non-cancerous patients, was generally observed to be elevated in these patients 

(Lei et al.,2012). Ferrajoli et al. (2013) found that monoclonal B-cell 

lymphocytosis patients' B cells have greater levels of miR155 than B cells 

from non-cancerous patients.  

  This study also demonstrated that, in contrast to the non-cancerous 

patients, the expression pattern of miR-27a was elevated in cervical cancer 

patients on therapy and downregulated in cervical cancer patients not on 
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therapy and this was similar to recent studies showing that miR-27a levels are 

consistently elevated in a wide range of cancer types, supporting the malignant 

properties of cancer cells (Wu et al.,2015; Su et al.,2019). Moreover, the 

expression pattern of miR-27a promoted cell invasion, migration, and 

mortality in ovarian cancer by being overexpressed (Li et al., 2019).  

According to Wei et al. (2020), cervical cancer was found to have an 

overexpression of miR-27a, and its elimination significantly decreased the 

malignant features of cervical cancer cells.   

When comparing the expression pattern of the microRNAs to the 

International Federation of Gynaecology and Obstetrics (FIGO) stages of 

cervical cancer patient status. Cervical cancer patients are patients with 

cervical cancer on therapy and patients with cervical cancer not on therapy. 

Six microRNAs such as miR-146a, miR-155, miR-29b, miR-34a, miR-233, 

and miR-27a showed statistically significant difference among the cervical 

cancer status with only miR-29a showing no significance among the cervical 

cancer status. To begin with, the expression pattern of miR-146a was found to 

be upregulated in stage IVB of cervical cancer patients not on therapy and 

downregulated in stage IVA whilst the expression pattern of miR-146a was 

upregulated in stage IVA of cervical cancer patients on therapy and 

downregulated in stage IVB in this study. In general, the expression pattern of 

miR-146a was upregulated in cervical cancer patients to non-cancerous 

patients in this study. This was similar to a study by Brase et al. (2011) which 

proposed that the expression pattern of miR-146a was noticeably upregulated 

in cervical cancer tissue samples than non-cancerous patients. Age-matched 

normal and cervical cancer tissues were compared using microRNA array 
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analysis by Wang et al. (2006), who found that miR-146a was overexpressed 

in cervical cancer tissues and increased cell viability, whiles Sathyanarayanan 

et al. (2016) noticed that miR-146a prevented human cervical cancer cells 

from migrating, invading, or surviving. However, no studies were found to 

group cervical cancer status into FIGO stages of cervical cancer but rather 

compare cervical cancer patients to non-cancerous patients. This study was 

generally discussed to get studies to support since our study seems to be the 

first study to group cervical cancer patients into those on or not on therapy 

based on the FIGO stages of cervical cancer to the expression pattern of miR-

146a. 

Moreover, the FIGO stages of cervical cancer status were compared to 

the miR-155 expression pattern in this study, and was found that, in stage IVB,  

patients with cervical cancer undergoing therapy were shown to have an 

increased expression pattern of miR-155 whereas cervical cancer patients not 

on therapy had a downregulated expression pattern of miR-155 and this 

corresponds to the expression pattern of miR-155 which was markedly up-

regulated in cervical cancer tissues (Wang et al., 2016) and high miR-155 

level could be associated with FIGO stages of cervical cancer (Fang et 

al.,2016) which was in line to the study. Therefore, miR-155 may be used as a 

novel prognostic marker and/or effective therapeutic target in cervical cancer 

(Fang et al.,2016).  On the other hand, a study by Lao et al. (2014) discovered 

that downregulating miR-155 results in apoptosis, cell cycle arrest in the G1 

phase, and inhibits the growth of cervical cancer cells. The target gene of miR-

155, a significant tumor suppressor in various malignancies, has been 

discovered to be liver kinase B1 (LKB1). Cervical cancer tissues have 
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significantly lower levels of LKB1 mRNA and protein expression, whereas 

LKB1's luciferase activity and protein expression are increased when miR-155 

expression is downregulated. Thus, by controlling LKB1, miR-155 encourages 

the growth of cervical cancer cells. 

 According to this study, the expression pattern of miR-29b was 

compared among cervical cancer status thus, cervical cancer patients on 

therapy, cervical cancer patients not on therapy, along with their FIGO stages. 

The expression patterns of miR-29b in cervical cancer patients on therapy 

were reported to be increased in stage IVB and downregulated in stage IVB of 

cervical cancer patients not on therapy, while in stage IIIB the expression 

pattern of miR-29b of cervical cancer patients not on therapy was found to 

upregulated and downregulated in stage IIIB of cervical cancer patients on 

therapy which was similar to a study by Li et al. (2017), which proposed that 

the overexpression of miR-29b significantly reduced the ability of cervical 

cancer cells to proliferate and progress through the cell cycle. The clinical 

phases of cervical cancer and the regulation of tumor invasion were both 

correlated with the expression pattern of miR-29b. A study by Han et al. 

(2017) investigated the role of miR-29b in cervical cancer and revealed that 

miR-29b overexpression considerably reduced cervical cancer cell migration, 

invasion, and angiogenesis. These results suggest that in cervical cancer, miR-

29b may function as a tumor suppressor. However, a study by Li et al. (2011) 

proposed the hypothesis that miR-29b may contribute to cervical 

carcinogenesis by targeting YY1 and CDK6 in the same way that E6 and E7 

oncoproteins generated by the HPV genome can deregulate cellular 

proliferation and apoptosis through targeting p53 and pRb, respectively. 
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According to Goa et al. (2017), cervical cancer tissues and plasma samples 

have a different miR-29b expression pattern from healthy persons. The miR-

29b's promoter region was hypermethylated, which was linked to its 

downregulation (Teng et al., 2016). These studies (Goa et al., 2017; Teng et 

al., 2016) do not support the findings of this study.  However, studies used in 

backing the study were the expression pattern of miR-29b of cervical cancer to 

non-cancerous patients, and not categorized into FIGO stages of cervical 

cancer. This study was found to be the first study to categorize cervical cancer 

status based on FIGO stages to the expression pattern of miR-29b. 

Furthermore, in this study, the expression pattern of miR-34a was 

compared to the FIGO stages of cervical cancer status, thus, cervical cancer 

patients were on therapy and cervical cancer patients were not on therapy. The 

purpose of these categories was to identify the patterns of expression for the 

microRNA that circulated in the plasma of patients with cervical cancer who 

were on therapy and those who were not on therapy. The expression pattern of 

miR-34a of cervical cancer patients on therapy was found to be upregulated in 

stage IVB while downregulated in stage IVB of cervical cancer patients not on 

therapy. The downregulation of miR-34a expression pattern in cervical cancer 

patients not on therapy was in line with the findings of a study by Li et al. 

(2010) which discovered that precancerous lesions and cervical malignancies 

have decreased expression of miR-34a. Thus, the suppression of miR-34a may 

have been caused by the HR-HPV E6 oncoprotein and the p53 pathway, and 

its early initiation may have contributed to the development of cervical cancer 

(Li et al., 2010).  By blocking oncogenic pathways, several microRNAs 

restrict tumor growth in cervical cancer. For instance, miR-34a targets 
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numerous oncogenes, including Notch1, c-Met, and E2F3, and its decreased 

expression promotes tumor invasion and growth (Wang et al., 2013). A tumor 

suppressor microRNA called miR-34a controls cell cycle progression and 

apoptosis at a moderately high level in healthy cervical tissue. Its expression 

was frequently downregulated in cervical cancer, promoting the growth and 

spread of the tumor (Chen, 2015).  Recent research has shown that several 

microRNAs, particularly miR-34a, can influence the response to 

chemotherapy in a variety of tumor types, including cervical cancer (Fujita et 

al., 2008; Wang, Yang, Li, & Han, 2015; Yu et al., 2015). Even though 

stomach, liver, prostate, and cervix malignancies typically had miR-34a down-

regulated, Zhang et al. (2016) discovered that it was a well-known tumor 

suppressor gene. Tumour suppressive gene expression was also found to be 

downregulated in cervical tumors and cancer-derived cell lines carrying 

oncogenic HPVs, according to Wang et al. (2009)'s study on miR-34a and 

cervical cancer. Before this, it was believed that the viral protein E6, which 

also destabilizes the tumor suppressor p53, activates the miR-34a trans 

activator (Wang et al., 2009). However, studies used to back this study were 

discussed among the expression patterns of miR-34a of cervical cancer 

patients to non-cancerous patients, and not the expression pattern of miR-34a 

grouped into cervical cancer status according to FIGO stages of cervical 

cancer.  This study seems to be the first study to research cervical cancer 

status based on the expression pattern of miR-34a to FIGO stages of cervical 

cancer.  
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               Moreover, to understand the expression patterns of miR-233 in FIGO 

stages of cervical cancer, our investigations compared the FIGO stages of 

cervical cancer among the cervical cancer status to the miR-233 expression 

pattern. The expression pattern of miR-233 of cervical cancer patients on 

therapy was found to be upregulated in stage IVB while downregulated in 

stage IVB cervical cancer patients not on therapy. However, the upregulation 

of the expression pattern of miR-233 of cervical cancer on therapy found in 

this study was similar to a study by Yin et al. (2016) that proposed that 

Forkhead box protein O1 (FOXO1) was the target of miR-223, which was 

under-expressed in cervical cancer cells. Cervical cancer cell growth was 

markedly slowed by miR-223 overexpression. MiR-223 reduces the growth, 

proliferation, and colony formation of cervical cancer cells by targeting 

Akt/mTOR/p70S6K and hypoxia-inducible factor-1 (IGF-1R) (Jia et al.,2011). 

A study by Goa et al. (2017) found that miR-223 played a significant role in 

controlling cervical cancer, mostly through targeting the disease's related 

genes and interacting with various signaling pathways.  

Finally, in this study, the expression pattern of miR-27a was in 

comparison to the FIGO stages of cervical cancer status, thus, cervical cancer 

patients were on therapy, and cervical cancer patients were not on therapy. 

The expression pattern of miR-27a of cervical cancer patients on therapy was 

found to be upregulated in stage IIIA and downregulated in stage IIA while 

that of cervical cancer patients not on therapy was downregulated in stage IIIA 

and upregulated in stage IIB of the FIGO stages of cervical cancer. The 

upregulation of the expression pattern of miR-27a of a cervical cancer patient 

on therapy was in line with the findings of the study by Li et al. (2023), which 
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found that miR-27a bound to the 3′UTR of TAB3, increases TAB3 synthesis, 

which consequently activates the NF-kB signaling. It was shown that miR-27a 

promoted cervical cancer cells' ability to become malignant, and the study 

revealed that the elevation of TAB3 by miR-27a overexpression was what 

caused the cells' increased ability to become malignant (Li et al.,2023). 

Elevated miR-27a inhibits tumor progression by inhibiting TGF-RI expression 

and TGF-signaling (Fang et al., 2018).  The downregulation of the expression 

pattern of miR-27a in cervical cancer patients not on therapy corresponds to 

a study by Wang et al. (2008), who discovered that miR-27a was 

downregulated in cervical cancer tissues and cancer cell lines when compared 

to normal cervical tissue, proving that miR-27a has a tumor-suppressing role 

in the growth of cervical cancer. In a study by Fang et al. (2018), it was 

discovered that the expression of miR-27a was lower in cervical cancer cells 

than in normal cervix squamous epithelia or glandular epithelia, indicating that 

miR-27a was downregulated in this disease.  

This study looked at comparing the expression pattern of the 

microRNAs to the International Federation of Gynaecology and 

Obstetrics (FIGO) stages of cervical cancer patient status. Cervical cancer 

patients are patients with cervical cancer on therapy and patients with cervical 

cancer not on therapy. Six microRNAs such as miR-146a, miR-155, miR-29b, 

miR-34a, miR-233, and miR-27a showed statistically significant differences 

among the cervical cancer status. This study is the first study to group its 

findings into cervical cancer status based on FIGO stages, since, studies used 

to support this study discussed their findings in general without breaking them 

into cervical cancer status based on FIGO stages of cervical cancer.  
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To identify the expression patterns of specific microRNAs in cervical 

cancer patients on therapy. Only miR-29a expression pattern was statistically 

significant among the seven microRNAs examined in this study which showed 

that the expression pattern of the microRNA was correlated to the effect of 

treatment. The results of the study indicated that the expression pattern of 

miR-29a was downregulated in response to the effects of the treatment and 

that these effects are closely correlated with it. This study’s finding was in 

support of a study by Li et al. (2011) which proposed that numerous 

microRNA expression patterns are either up- or down-regulated in cervical 

cancer, affecting how sensitive the disease was to chemotherapy and radiation 

treatment, however, he demonstrated that miR-29a expression levels were 

lower in CIN and ICC. According to Gong et al. (2019), the expression level 

of miR-29a methylates the tumor suppressor SOCS1, which could stop 

cervical cancer from spreading. Furthermore, it was shown that miR-29a may 

act as a tumor suppressor in the emergence of cervical cancer (Li et al.,2011).  

Moreover, a study by Dinh et al. (2016) discovered a connection 

between the radiation dose used to treat non-small-cell lung cancer and the 

amount of miR-29a present in the blood. By controlling the PAK1/LIMK 

signaling pathway, which directly binds to the 3′-UTR, and downregulating 

CDC42, Chen et al. (2019) found that miR-29a might reduce cell proliferation, 

migration, and invasion, and increase apoptosis of cervical cancer cells.  

Additionally, a study by Chen et al. (2019) revealed that excessive expression 

of the tumor suppressor miR-29a in cervical cancer may inhibit cell growth 

and migration as well as trigger cell apoptosis. Tumors and HPV-positive 

LSILs have been revealed to have downregulated miR-29a (Yamamoto et al., 
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2013; Jia et al., 2015; Servn-González et al., 2015). A recent study has 

demonstrated that miR-29a inhibits DNMT3A and DNMT3B, which affects 

how p16 was methylated in cervical cancer (Wang et al., 2021).  

 Finally, it has been discovered that miR-29a controls HSP47, a protein 

required for the synthesis of collagen molecules. The miR-29a-HSP47 

pathway appears to be involved in cervical squamous cell carcinoma (SCC) 

metastasis since reduced HSP47 inhibited cancer cells' invasion and migration 

(Yamamoto et al., 2013). When invasive squamous cell carcinoma was 

present, miR-21 was overexpressed and miR-29 was downregulated, which 

distinguishes tumors from healthy cervical tissue and creates a molecular 

signature that can be used to diagnose cervical cancer (Bauelos-Villegas et al., 

2021). MiR-29a levels were much lower in tumor samples than in control 

groups, according to Sara et al. (2019). This finding raises the possibility that 

miR-29a functions as a tumor suppressor in the course of cervical cancer 

development.  

The ROC calculation was done to identify the expression patterns of 

the microRNAs when compared to cervical cancer patients, not on therapy, 

and non-cancerous patients. There were only three microRNAs that were 

highly expressed with good AUC among cervical cancer patients, not on 

therapy, and non-cancerous patients. The values for these microRNAs such as 

miR-155, miR-146a, and miR-34a showed good AUC, sensitivity, specificity, 

and cut-off point in Figure 4.4. Therefore, the expression of these three 

microRNAs could accurately distinguish healthy individuals from patients 

with cervical cancer, with excellent sensitivity and specificity. miR-34a 

showed a good AUC in this study and this was similar to a study by Azimi et 
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al. (2021) which assessed the possibility of employing miR-92a-5p and miR-

155-3p levels found in Pap smears as diagnostic biomarkers for separating 

patients with LSIL and HSIL from healthy people, using the ROC curves. The 

expression of these two molecules could reliably separate healthy persons 

from patients with LSIL since miR-155-5p and miR-92a-5p exhibited nearly 

identical AUC, sensitivity, specificity, and cut-off points showing great 

sensitivity and specificity. In this study, miR-34a showed good specificity and 

sensitivity and this corresponds to a study by Wang, P., Zhai, G., & Bai, Y.  

(2018) which proposed that the ROC curve analysis on miR-34a and miR-218 

had good sensitivity and specificity, indicating that the diagnosis of cervical 

cancer using miR-34a and miR-218 would be substantially more accurate.  

Finally, miR-146a showed good specificity and sensitivity after the 

ROC curve was determined in this study and this aligned with the research by 

Ma et al. (2019) which revealed that the AUCs of miR-146a-5p, miR-151a-3p, 

miR218 2110, and miR-21-5p displayed good sensitivity and specificity 

according to ROC curves and their ideal cut off values for the four 

microRNAs were established. Showing that they were consistently greater in 

237 individuals with cervical cancer than in normal controls.  

4.10 Chapter Summary 

In all, the expression pattern of seven microRNAs assessed among 

non-cancerous patients, cervical cancer patients on therapy, and cervical 

cancer patients not on therapy, was discovered that miR-155 and miR-27a 

showed statistically significant differences with p-value ˂ 0.05 in this study, 

and could serve as a diagnostic, prognostic and treatment marker.  
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 However, microRNAs such as miR-146a, miR-155, miR-29b, miR-

34a, miR-233, and miR-27a showed statistically significant differences when 

the expression patterns of microRNAs were compared to non-cancerous 

patients, and the stages of cervical cancer patients on therapy and cervical 

cancer patients not on therapy. The expression pattern of some of the 

microRNAs such as miR-155, miR-29b, and miR-233 were also found to be 

upregulated in stage IVB of cervical cancer patients on therapy and 

downregulated in stage IVB of cervical cancer patients not on therapy to the 

non-cancerous patients. The expression of certain microRNAs, such as miR-

146a and miR-34a, was observed to be upregulated in stage IVB of cervical 

cancer patients not on therapy and downregulated in stage IVB of cervical 

cancer patients on therapy. Nevertheless, it was discovered that the expression 

pattern of miR-27a was upregulated in stage IIIA of cervical cancer patients 

on therapy and downregulated in stage IIIB of cervical cancer patients on 

therapy, whereas it was upregulated in stage IIIB of cervical cancer patients 

not on therapy and downregulated in stage IIIA of cervical cancer patients not 

on therapy.  

The effect of treatment was also assessed to know if it has any 

correlation to the expression patterns of the microRNAs, and only miR-29a 

out of the seven microRNAs used showed statistically significant correlation 

to the effects of the treatment. In this investigation, it was discovered that the 

expression pattern of miR-29a was downregulated, with a p-value of less than 

0.05 against the treatment effect.  
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In contrast, the ROC curve generated along the expression patterns of 

the seven microRNAs, with non-cancerous patients, and cervical cancer 

patients not on therapy, miR-155, miR-146a, and miR-34a recorded a good 

AUC, sensitivity, specificity, and cut-off point. Therefore, the expression of 

these three microRNAs could accurately distinguish healthy individuals from 

patients with cervical cancer, with excellent sensitivity and specificity. 
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 CHAPTER FIVE 

 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this study was to evaluate the expression patterns of 

microRNAs among non-cancerous patients, cervical cancer patients on 

therapy, and cervical cancer patients not on therapy. The study also evaluated 

the expression patterns of microRNAs among non-cancerous patients, cervical 

cancer patients on therapy, and cervical cancer patients not on therapy based 

on the FIGO stages of cervical cancer, as well as assessing the expression 

pattern of microRNAs on the effects of treatment of cervical cancer patients 

on therapy and generating ROC curve along the expression patterns of the 

seven microRNAs for non-cancerous patients, and cervical cancer patients not 

on therapy.  

5.0 Summary 

When it comes to cancer-related deaths among women from 

underdeveloped nations, cervical cancer has historically been one of the 

causes. Persistent infection with the high-risk HPV strains 16 and 18 was one 

of the main risk factors for the emergence of cervical cancer. Despite this, 

a very small number of women who have morphologic symptoms of an HPV 

infection progress to develop an invasive illness indicating that additional 

variables may be involved in the development of cervical cancer. MicroRNAs 

are short non-coding RNAs that are conserved and help regulate the 

expression of genes, particularly those related to essential biological processes 

and human cancer. In all, the expression pattern of seven microRNAs was 

assessed among non-cancerous patients, cervical cancer patients on therapy, 

and cervical cancer patients not on therapy, and it was discovered that miR-
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155 and miR-27a had statistically significant expression patterns, which can 

be explored to be used as markers for diagnosis, prognosis, and treatment.  

Moreover, when the expression patterns of microRNAs were compared 

to the non-cancerous patients, cervical cancer patients on therapy, and cervical 

cancer patients not on therapy based on FIGO stages of cervical cancer, 

microRNAs such as miR-146a, miR-155, miR-29b, miR-34a, miR-233, and 

miR-27a expression patterns were statistically significant. In comparison to 

non-cancerous patients, it was discovered that the expression pattern of several 

microRNAs, including miR-155, miR-29b, and miR-233, were increased in 

stage IVB of cervical cancer patients on therapy and downregulated in stage 

IVB of cervical cancer patients not on therapy. MicroRNAs like miR-146a and 

miR-34a, for example, were shown to have upregulated expression patterns in 

stage IVB of cervical cancer patients not on therapy and downregulated 

expression patterns in stage IVB of cervical cancer patients on therapy. 

Nevertheless, it was discovered that the expression pattern of miR-27a was 

upregulated in stage IIIA of cervical cancer patients on therapy and 

downregulated in stage IIIB of cervical cancer patients on therapy, whereas it 

was upregulated in stage IIIB of cervical cancer patients not on therapy and 

downregulated in stage IIIA of cervical cancer patients not on therapy.  

The effect of treatment was also assessed to determine whether it correlates 

with the expression patterns of the microRNAs. Only the expression of miR-

29a out of the seven microRNAs analyzed had a statistically significant 

correlation with treatment effects. MiR-29a's expression pattern was shown to 

be downregulated in response to the treatment, with a p-value of less than 

0.05.  
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In contrast, the ROC curve generated along the expression patterns of 

the seven microRNAs for non-cancerous patients, and cervical cancer patients 

not on therapy, miR-155, miR-146a, and miR-34a showed a good AUC, 

sensitivity, specificity, and cut-off point. Therefore, with great sensitivity and 

specificity, the expression of these three microRNAs could successfully 

distinguish between healthy people and people with cervical cancer.  

5.1 Conclusion 

Currently, this study is the first in Ghana to assess the expression patterns of 

the circulatory microRNA in freshly diagnosed cervical cancer patients not on 

therapy and cervical cancer patients on therapy, and also discuss them 

according to the International Federation of Obstetrics and Gynaecology 

(FIGO) stages of cervical cancer.  Similar to other studies, some of the 

microRNA expression patterns were downregulated or upregulated in cervical 

cancer patients in general, without grouping them into cervical cancer patients 

on therapy or not on therapy, and also not grouped into FIGO stages of 

cervical cancer. However, in this study, cervical cancer patients were grouped 

into those on therapy and those not on therapy and also in FIGO stages of 

cervical cancer. These groupings have helped us to easily identify the 

expression patterns of microRNAs in FIGO stages of cervical cancer, for 

example, the expression pattern of miR-27a was found to be upregulated in 

stage IIIA of cervical cancer patients on therapy and downregulated in stage 

IIIB of cervical cancer patients on therapy whiles it was upregulated in stage 

IIIB of cervical cancer patients not on therapy and downregulated in stage IIIA 

of cervical cancer patients not on therapy. It was discovered that the 

expression pattern of miR-34a in stage IVB cervical cancer patients on therapy 
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was increased. In contrast, it was downregulated in stage IVB of patients not 

on therapy. When cervical cancer patients were on therapy, the expression 

patterns of miR-29b were reported to be increased in stage IVB and 

downregulated in stage IVB of cervical cancer patients not on therapy, while 

in stage IIIB the expression pattern of miR-29b of cervical cancer patients not 

on therapy was found to be upregulated and downregulated in cervical cancer 

patients on therapy. This study has made us appreciate how the expression 

patterns of microRNAs work in the FIGO stages of cervical cancer, grouped 

into patients with cervical cancer on therapy and cervical cancer patients not 

on therapy. It has also helped us know the expression patterns of microRNAs 

in cervical cancer patients on therapy, cervical cancer patients not on therapy, 

and non-cancerous patients. Moreover, to identify the expression patterns of 

specific microRNAs in cervical cancer status, the expression pattern of miR-

155 was compared to positive cervical cancer patients, not on therapy, and 

non-cancerous patients, and there was a substantial difference in the 

expression pattern of miR-155. It was also found that miR-29a expression 

pattern was statistically significant among the seven microRNAs examined in 

this study, which showed that the expression pattern of the microRNA was 

correlated to the effect of treatment. MiR-29a's expression pattern was 

demonstrated to be downregulated in contrast to the treatment's effects, and it 

was strongly linked with the treatment's effect. Lastly, the ROC analysis in 

this study suggested that miRNAs like miR-146a, miR-155, and miR-34a 

could be useful as prospective biomarkers for the accurate and timely 

detection of patients with cervical cancer.  
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5.2 Recommendations 

The following are some recommendations made in light of the study's 

findings.  

1. The Ministry of Health should promote the use of microRNAs as a 

biomarker for detecting cervical cancer and increase screening 

participation rates among women since conventional methods require 

clinical visits, can cause discomfort, and may lead to false results, 

which deter women from participating in regular screening.  

2.  miRNAs are involved in regulating gene expression and can provide 

insights into the molecular pathways involved in cervical cancer, 

helping to identify potential therapeutic targets. However, WHO and 

the Ministry of Health should encourage the efficient use of the 

microRNA biomarker to reduce mortality and morbidity rates in 

developing countries. 

3. For research purposes: More research should be carried out on 

microRNAs as cervical cancer biomarkers to further validate it for 

clinical implementation. 

4. More research should be carried out to elaborate more on the 

microRNAs that could serve as biomarkers for cervical cancer patients 

based on the International Federation of Obstetrics and Gynaecology 

stages. 
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APPENDICES 

Appendix A:  QUESTIONNAIRE 

Declaration of Confidentiality 

Hello, my name is Helena Quayson an MPhil student of University of Cape 

Coast offering Infection and immunity. This research is focused on identifying 

microRNA that can be used as biomarkers and also as diagnostic tools for 

cervical cancer patients and for that reason, information and samples will be 

needed from patients with cervical cancer in order to carry out such research. 

All your responses will be kept confidential and combined with other 

responses when reporting the results of the study. 

Title of research  

Circulating microRNA in plasma of cervical cancer patients at some selected 

teaching hospitals in Ghana. 

The questionnaire has three sections with section A having part 1 and 2. Please 

provide the needed answers for the questions below; 

Section A: Social Demographic 

Part 1: Personal Details 

Name…………………………………………………………Occupation……

Age……………...............Time of diagnosis………………………………. 

Telephone number………………………………Email…………………… 

Any relative number………… Last time of menstrual flow………………. 
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Part 2: This part is aimed at obtaining information on factors that predispose 

one or make one liable to cervical cancer. 

1. Do your medical reports show you have cervical cancer? Yes / No........ 

2. Do your medical reports show you are HIV positive? Yes / No............ 

3. Has any member of your family been diagnosed of cervical cancer?...... 

4. Do you smoke? Yes / No.................................... 

Section B: Therapy 

This section is focused on identifying whether you are on treatment or not. 

Please fill the blank spaces with the right answer. 

Are you currently on medication? Yes / No.................................................... 

If Yes, what kind of medication / treatment………………………………… 

Section C: Immunological profile for cervical cancer patients only 

This section is to assess your current health status. You are to leave these 

spaces blank if you are unsure of the answer. 

1. What is the stage of your cancer?......................................................... 

2. Are you anemic?.............................................  

3. What is your current Hb level? …………………… 
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Appendix C: University of Cape Coast Ethical Clearance form 
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Appendix D: Cape Coast Teaching Hospital Ethical Clearance Form 
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Appendix E: Melting curve of some of the microRNAs after the PCR run 
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Appendix F: Amplification plot of miR-16 used as endogenous after the 

PCR run 
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Appendix G: Amplification plot of some of the microRNAs after the PCR 

run 
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