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Abstract

Cervical cancer is the second most common amongecann Ethiopia with an incidence of
more than 6000 cases and around 5000 deaths per Ipdection by high risk human
papillomavirus (hrHPV) is the major risk factor foervical cancer with almost all cases being
infected. HPV infection is a very common sexualtgnsmitted infection that majority of
sexually active women acquire. Most of the infectedmen however clear the infection
spontaneously in short time while it persists aadses cervical cancer in only small portion of
the infected women. Various factors are known ttemheine the outcome of the infection but
with scarce information on the mechanisms. DNA ryletion changes in both human genes and
HPV genes are among the biological events assdcwaiif cervical cancer progression. This
study was aimed atletermining prevalence of hrHPV, socio-demograptsé& factors for
cervical cancer and epigenetic changes associatéd agrvical cancer and evaluate their
potential as diagnostic markers. The study was wucted as an observational case-control study
by taking records of various risk factors and ciatiinformation along with cervical cell samples
for hrHPV testing and DNA methylation analysis. Tin@manEPB41L3gene promoter region
and HPV L1 and L2 regions were PCR amplified froisulphite converted DNA. The PCR
amplicons were then pyrosequenced and proportiocookerted cytosine is measured and
means of the targeted CpG sites methylation weterded. Prevalence of both hrHPV and
demographic risk factors were compared among wonimcervical lesions (cases) and women
with normal cytology (controls) to determine asstions with various stages of cervical cancer.
The DNA methylation assays were evaluated and coedgfar their performance using Reciever
Operating Characteristics (ROC) curve analysisirFaaotal of 135 women, 96 had cervical cell
lesions ranging from CINL1 to invasive cancer (cpaesl 39 had no lesion (controls). Parity was
higher in cases 5.44(+£3.01) than in controls 2.03j4). Cases started sexual intercourse earlier,
at mean age of 16.57(+4.04) years, than the can2@[18(+4.24) years. Hormonal contraceptive
use showed no significant difference among caseéscantrols. HPV DNA was detected in
79(82.3%) of cases and 7(17.9%) of controls fronictwtY7(80.2%) of cases and 6(15.4%) of
controls were hrHPV. HPV16 was the most prevaldanisvconstituting 84% of all hrHPV
positive cases and 33.3% of hrHPV positive conttdRV45, HPV18 and HPV31 were detected
in 17.7%, 5.2% and 3.8% respectively of the hrHR¥ifive cases. Level of methylation in both
human and hrHPV DNA was found to be higher in higjrade lesions than in low grade lesions
(CIN1) and normal cervical cells. Methylation assayothEPB41L3promoter methylation and
S5 score discriminated normal and CIN1 from CIN3wmrse lesions with sensitivity and
specificity of greater than 95%. In conclusion, Hag parity and earlier age at first sexual
intercourse are among the factors that put womédmgaer risk of cervical cancer in addition to
hrHPV infection. HPV16 is the most prevalent (69)8#HPV type followed by HPV45
(14.6%) in Ethiopian women with cervical lesionsethlylation levels of the humaaPB41L3
promoter region and HPV L1 and L2 regions are gakbiomarker to improve precision of
diagnosing the cancer and targeting for therapyP#R3 methylation alone discriminated
normal and CIN1 cells from CIN3 or worse lesionghw®5% sensitivity and 96% specificity
while S5 detected with 96% sensitivity and 95% sjuety.

Key words: Cervical cancer, CIN, DNA methylation,P¥ genotype, hrHPV, Risk factor
XV



Chapter 1

1. Introduction

1.1. Background

Cervical cancer is the third most common cancewamen with an estimated incidence of
569,847 cases globally in 2018 and the second cawstnon in women aged 15-44 years (Bruni
et al., 2019). The majority of cervical cancer incidencal anortality occur in less developed
countries (de Marteét al, 2017). GLOBOCAN (2018) reported cervical canbad claimed
lives of more than 311,000 women globally in 20kéha. According to the report, the majority
(more than 60%) of cervical cancer deaths occueneloping countries. Cervical cancer ranks
the second most frequent cancer among the gerenallé population as well as among women
between 15 and 44 years of age in Africa (Brenial., 2019). Africa with age standardized
incidence rate of 27.6 per 100,000 is the worl@&ading continent in 2018. From all world
regions, three highest ranking regions by cervieaicer incidence and four by mortality are in
Africa. Eastern Africa is the second hardestdnfion of Africa and the world by cervical cancer
next to southern Africa and the first by mortaltgused by cervical cancer (Brwetial, 2019).
The 2019 International Agency for Research on Cafia&C)/WHO report on HPV and related
diseases indicates that 119,284 African women egndsed with cervical cancer and 81,687
died from the disease in a year. With 6,294 nevesar year, cervical cancer stands the second
most common cancer in Ethiopia (GLOBOCAN, 2018).

Infection by oncogenic human papillomavirus (HPV§oaknown as high risk HPV (hrHPV)
types is a necessary condition for almost all oaivicancer cases all over the world
(Walboomerset al.,1999). Prevalence of HPV cervical infection in gemeral global population
of women is 18.6% on average with the highest peexa (20.3%) being in eastern Africa
followed by western Africa (19.5%) (GLOBOCAN, 2018lthough no statistics of HPV
prevalence in the general population is availabieEthiopia, it is more likely higher as Ethiopia

is located in a region with the world’s highest Hpxévalence. Global prevalence of cervical
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HPV infection among women with normal cytology igtest among women younger than 25
years with prevalence of 28.4% (95% CI =28.0-28.9%th gradual decline with increasing age
(Bruni et al, 2019). Women in the age group older than 65 yasrsexception having higher

prevalence (6.3%, 95% CI = 6.1-6.5%) than the yeurage group. Prevalence of the hrHPV
types among women with normal cytology throughdet Wworld is also considerable with HPV

types 16 and 18 being the leader with prevalenca8%o (95% CI = 2.8-2.9%) and 1.1% (95%
Cl = 1.1-1.1%) respectiveln(tps://hpvcentre.net/datastatistics.php

So far prevalence of HPV infection in Ethiopia Haeen studied very little. Only six HPV
prevalence studies with 1535 Ethiopian women pagits published in peer reviewed journals
were found. Four of the six studied HPV prevaleimc&68 women with cervical abnormality
(Fanta, 2005; Ebba Abatg al., 2013; Dawit Woldayet al., 2018) or gynecological problems
(Bekeleet al., 2010). Only one study (Dawit Woldat al., 2018) compared HPV prevalence
between women with normal and abnormal cervicaliss The other two studies (Rulagidal.,
2006; Leyh-Bannuratet al., 2014) were conducted with 726 women from geneeahdle
population visiting a hospital for various medigalsons including cervical complaints but

clinical and pathological information is not availe.

Incidence of and mortality due to cervical cancerhigher in developing countries than in
developed countries. This is mainly due to lackwdll organized prevention and control
programs in developing countries. Early diagnosegrecancerous lesions and vaccination
against HPV infection (the major causative agemd) the major cervical cancer prevention
strategies. Introduction of cytological screenfRgp smear) alone had reduced age standardized
incidence rate of cervical cancer by at least 28%nbst of the countries (Gustafssenal.,
1997). Incidence of cervical intraepithelial negagrade 2 (CIN2) and worse had declined by
up to 56% in USA after introduction of HPV vacciioat (Gargancet al., 2019). Both robust
screening and vaccination programs are lackingewrelbping countries and this contributed for
disproportionately higher incidence and mortaldates (Coheset al.,2019).

Though almost all cervical cancer cases are agsdciith hrHPV infection, not all hrHPV
infections cause cervical cancer (Mosciekal.,1998). Only a small fraction of women infected
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with hrHPV develops cervical cancer while the vasijority of infection regress (Evandet al,
1995; Moscickiet al, 1998; Elfgrenet al, 2000; Moscickiet al, 2004) by the individuals’
immune response even without medical interventaur Hausen, 1991; Moscickit al., 2004).
This led to research efforts in search for othetdis which may contribute for development of
cervical cancer since hrHPV infection alone is sofficient to cause cervical cancer. Among
other factors that contribute to development of/icat cancer are environmental factors and the
host genetic and epigenetic factors (Welf al., 2003). A number of environmental and
biological (both host as well as HPV) factors mé#gypome role in the carcinogenesis. Among
the biological factors, immune competence (Moscétkal, 2004; Rintaleet al., 2005; Reusser
et al., 2015), host genetic variations (Agarvedlal.,2011) and epigenetic changes (Kabekkodu
et al.,2017) are widely studied. Epigenetic changes sigofjene expression suppression through
DNA methylation at promoter regions of tumor sugsE genes is common phenomenon in
cancerseEPB41L3is a human gene that encodes for Erythrocyte meamebprotein band 4.1 like
3, also known as differentially expressed in adantnoma of the lung (DAL-1) or protein
4.1B.EPB41L3is a tumor suppressor gene first discovered im@ckarcinoma of the lung for its
differential expression (Traet al., 1999). Studies on cervical cancer identifie®B41L3
promoter methylation as one of the most consistelndippening epigenetic alteration in the
carcinogenesis process (Eijsiek al, 2011a; Seret al, 2018; Kellyet al, 2018). One major
event repeatedly associated with carcinogenicityhdflPV is the viral gene expression
deregulation following its genome integration itie cellular genome (McBride and Warburton,
2017; Torres-Rojast al, 2018). This HPV gene expression deregulationgambme integration
often associate with epigenetic changes; which uymebly is the cause of altered gene
expression (Yang-chuet al, 2017; Liuet al, 2018).

Cervical cancer has latent or asymptomatic premafiy stages which may regress
spontaneously at younger ages. Detection of caaicearly curable stage, which enables early
treatment and increase positive treatment outcomsesne of the primary goals of cancer
prevention programs. Cervical cancer screeningeieal the various stages of premalignant
lesions is recommended by WHO as one of cervicat@aprevention program (WHO, 2013).
Effective prediction of the fate of premalignardags of cervical lesions is important to treat the

lesions without both missing the progressive lesias well as over-treating the lesions that
3



could regress spontaneously (Basal, 2018). Diagnostic and screening techniques ctiyran
use include visual inspection of the cervix for geece of lesions (Belinsoet al, 2001),
cytological Pap smear examination (Flanagan, 2@h8) detection of HPV DNA (Burd, 2016;
Flanagan, 2018). Visual inspection tests have |lseasitivity of around 71% (Belinsat al,
2001) and work for women in the pre-menopause ageledection is affected by changes
associated with menopause (Creraeal, 2011). Pap smear has lower sensitivity (30-8786) a
lower reproducibility but considerably higher spgmeiiy (Chrysostomotet al.,2018; Bastet al,
2018; Shalet al, 2016). HPV tests have significantly higher sewvisyof close to 95% but lower
specificity (~94%) than cytology (~97%) (Mayraatlal, 2007). Alternative screening tests that
effectively discriminate between healthy and patbmlal stages of cervical cancer are important
in the battle against the cancer. Differential mkttion of various human genes that are
involved in carcinogenesis were evaluated and i results were also obtained in
differentiating between healthy and cancerous @dlsvell as low grade and high grade cervical
lesions (Wismaret al, 2006; Shivapurkaet al, 2007; Kim et al, 2010; Hesselinkt al, 2011;
Punet al, 2015; Eijsinket al, 2011a;Lai et al, 2010;Eijsink et al, 2011b;Kim et al, 2010;
Overmeetet al, 2011;Bierkenset al, 2013.

Understanding the DNA methylation pattern of hrHP¥®my lead to understanding the

mechanism of viral carcinogenesis. In addition,edatning association between the viral
genome modification and cancer progression may imelpredicting what is to happen in the

cells. Knowledge about the different molecular pimaena in hrHPV infected cervical cells

would be of paramount importance in preventiongdasing and treating cervical cancer. One
way of getting information about the changes thatassociated with the cellular transformation
is by comparing what is happening in healthy andignant cells (Hanahan and Weinberge,
2011).

Knowledge of the environmental risk factors is al@wy crucial to devise preventive actions
such as avoiding exposure to potential carcinogerds developing or selecting prophylactic
vaccination. ldentifying the risk factors also telp focus prevention measures on sections of
population at higher risk. Risk stratified intemé@n programs are more effective both in
clinical outcomes as well as wise use of resources.
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Good diagnostic tests that precisely detect thélpros are also very important to plan timely
and effective treatment options. It is very impottdor diagnostic tests to more precisely
discriminate the diseased from healthy. Becauseneausly identifying diseased women as
healthy may deny the patients proper treatmentesraheously identifying healthy as diseased
may expose subjects to unnecessary treatment faéseand emotional problems and costs. To
develop efficient diagnostic tests, understanding biological mechanisms involved in the

development of a disease condition is very impartan

1.2. Statement of the problem

Cervical cancer is potentially preventable throwghious interventions, but still it is one of the
major causes of mortality and morbidity to womepeesally of the less developed nations. The
success of preventing the losses caused by cervaater is heavily dependent on early
detection of the cancer. Though vaccination agatfdV is expected to play a great role in
protecting against cervical cancer, it is still fismm sufficient especially in developing countries

because of various economical, social and biolddgcdors such as prevalent health conditions.

Information on HPV prevalence in Ethiopia is scanth only 1535 individuals in only six
studies, for a country with more than 50 millionmen. Determining the prevalence of HPV
genotypes in Ethiopian population is so importaothbin devising preventive strategies like
vaccination as well as predicting progression &ation. Currently available HPV vaccines are
type specific, targeting two, four or nine HPV tgp@VHO, 2017). HPV types 16 and 18 are
associated with the majority (~70%) of cervical @anGaadelet al.,2019) and HPV genotypes
behave differently in their course of infection gmgression to cervical cancer (Jaisamietrn
al., 2013). However, very little of the epidemiology odrvical cancer and it etiologic agent
hrHPV have been studied in Ethiopia (Rulastdal., 2006; Fanta, 2005; Bekekt al., 2010;
Ebba Abateet al.,2013; Leyh-Bannuraét al.,2014; Dawit Woldaet al.,2018).

Despite high protection efficiency of vaccinatiagaast HPV infection, the gap is still wide to
efficiently address the challenge posed by cervezaicer. Understanding the mechanism of
cancer development and progression is the mostafuadtal in devising protective, diagnostic



and therapeutic strategies. The fact that most woimfected by hrHPV do not develop cervical
cancer indicates presence of other determinantsy ew studies are there on what
environmental factors contribute for the progressod these infections in to cervical cancer
especially in Ethiopia. Understanding risk factsrsery important in understanding the disease
mechanism as well as designing preventive meth8deeening tests that detect infection by
hrHPV types fail to predict the consequence of itifection as majority of the infection is
cleared in short period of time. Since the ultimatget of cancers is the cellular environments
which are mainly tailored by their molecular comgtioas and functions, various genetic
phenomena are believed to be the major playerdiestinave revealed a lot of genetic alteration,
from mutations to gene expressions regulationsycéae with cervical cancers. Both human
genes and HPV genes have showed various types refjudation that associate with the
carcinogenesis. DNA methylation of promoter regiafisvarious human genes and different
CpG sites in HPV genes are reported to be goodealigting progression of cervical lesions.
These methylation markers need to be evaluatedtHeir reproducibility and diagnostic
performance and/or utility if they improve the séwmgy and specificity of the available
screening tests.

1.3. Significance of the study

Explicit understanding of the nature, etiologykrfactors and mechanisms of certain disease is
the basis for all sorts of intervention includipgevention, diagnosis and treatment, at all levels
from patients, health service providers to policgkers. This study provides information on the
prevalence of hrHPV types which is helpful in salegthe most appropriate prophylactic HPV
vaccine for Ethiopia. It also determines the riaktérs which can be used to identify the most
vulnerable members of the population so that vatimn and screening priorities are given to
the most at risk women. Determining methylationtgras of HPV and human genes are also
important in understanding the mechanism of cagegnesis which in turn serves to design
diagnostic tests and treatment targets. Finallyaluating diagnostic potential of DNA
methylation assays is an important step in recmritnmof more specific and sensitive markers

which is important imput in the provision of thecessary medical service to those who deserve



it. DNA methylation based markers are promisingbto utilized to improve sensitivity and

specificity of the existing screening and triagetse

1.4. Hypotheses

l. CpG islands in the L1 and L2 genes of hrHPV aréedghtially methylated among healthy
cervical tissue and various stages of lesions awmdsive cervical cancer among Ethiopian
women.

Il. There is differential methylation of the humB®B41L3gene promoter regions in cervical
tissue of various stages of pathology among Ethiopromen.

lll. DNA methylation assays can clearly discriminate waein healthy cervical tissue,
precancerous lesions and different stages of imgaservical cancer among Ethiopian

women.

1.5. Objectives of the study
1.5.1.General objective

To determine the prevalence of hrHPV, socio-denpgrarisk factors for cervical cancer and
epigenetic changes associated with cervical caandrevaluate their potential as diagnostic

markers in Ethiopian cervical cancer patients.
1.5.2. Specific objectives

Specific objectives of this study were to;

— identify socio-demographic risk factors prevailimy Ethiopian women population with
cervical lesions of various levels.

— determine the prevalence of hrHPV and genotyptilolisions among Ethiopian women
with normal cytology and cervical lesions.

— determine methylation pattern of HPML and L2 genes in Ethiopian cervical cancer

patients.



— determine methylation pattern &PB41L3 promoter region in Ethiopian cervical cancer
patients
— evaluate the potential of DNA methylation assayslifterentiate between healthy cervical

cells and various stages of cervical malignancies



Chapter 2

2.Literature Review

2.1. Cervical cancer

Cervical cancer (carcinoma of uterine cervix) iseaof the most common malignancies of
women worldwide with more than half a million neases and more than 300,000 deaths a year
(Bruni et al., 2019). It is a carcinoma that arises from the hghiim of the uterine cervix.
Persistent infection by human papillomavirus (HRMgs found in almost all cervical cancer
cases, implying its causative role (ldbal., 1995; Walboomerst al, 1999). Though infection
by carcinogenic HPV -also known as high risk HPYHRV)- is the major etiologic factor,
several other factors ranging from socio-demogm@gkiufioz et al., 2002; Thulaseedharaat

al., 2012; Raychaudhuri and Mandal, 2012) and othericeli factors Dawit Wolday et al.,
2018; Kashyapet al., 2019) to genetic susceptibility (Czeatal., 2002; Hemminki and Chen
2006; Raychaudhuri and Mandal, 2012) play importalg in the cervical cancer development.
Great deal is done and achieved in prevention asdgement of cervical cancer especially in
the developed western countries. Early detectidgh@tase through screening programs (Martin,
2007; Dijkstraet al., 2014), treatment of low grade precursor lesiondHQV 2014b) and
vaccination against the causative HPV types (Gargainal.,, 2019) have brought about

considerable success in the fight against cercizater.
2.2.Epidemiology of cervical cancer

Cervical cancer is the third common type of carareat cause of cancer related deaths among
women worldwide next to breast and colorectal cemead ranks seventh from cancers in the
general population (Bruret al., 2019). It constitutes nearly 6.4% of all cancerswiomen
(GLOBOCAN, 2018) with incidence of 569,847 and 6B mortality in 2018 alone (Bruseit

al., 2019). Less developed nations are the most affebtving the highest incidence and

mortality rates.



With 119,214 new cases per year Africa had thersk¢argest incidence of cervical cancer in
the world in 2018 next to Asia (Fig. 2-1A). Althglu Asia is the leading by the total number of
incident cases and mortality, the rate per 100y@0ten is the highest in Africa with 27.6 new
cases and 20 deaths. Cervical cancer is the segostdcommon cancer of the female population
but the leading cause of cancer related death &ti{687 deaths per year among African general
female population. It is the second incident armbed cause of cancer deaths in females aged 15

to 44 years of age both worldwide and in Africau@iret al.,2019).
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Figure 2-1:Global cervical cancer incidence and maality of the year 2018 (A) cervical cancer incidece rate

by continents (B) incidence and mortality rates by world region

(http://gco.iarc.fritoday/data/factsheets/cancers/2& ervix-uteri-fact-sheet.pdf).

According to GLOBOCAN 2018 report the world’s highecervical cancer incidence and
mortality rate are from Africa. The eastern Afrieggion has the second highest incidence but the
largest mortality rate of all the world regionsFR-1B). HPV prevalence in African women
with normal cytology is highest (>60%) in femalesupger than 25 years in the eastern Africa
region followed by the same age group in southeinc# (>40%) and women older than 65
years in northern Africa. Prevalence of hrHPV is9%4 in women with normal cervical cytology
the highest being HPV16 (2.4%). HPV16 is the legditPV type with prevalence of 49% in
cervical cancer followed by HPV18 (18.2%) in Afri(@runi et al.,2019).
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In Ethiopia cervical cancer is the second most commancer with incidence rate of nearly
6,300 cases per year and constituting 9.3% ofaaiter cases in the nation and 13.6% of cancers
in female populationhftp://gco.iarc.fr/today/fact-sheets-populatiprnthe GLOBOCAN (IARC)
(2018) report also shows mortality rate per yeae dw cervical cancer of nearly 5,000 in

Ethiopia. The age standardized incidence rate oficad cancer and mortality due to cervical
cancer is reported to be 18.9 and 15.3 per 10088@ectively in Ethiopia (Fig. 2-2). Eastern
Africa, a region to which Ethiopia belongs has sleeond highest cervical cancer incidence rate
and the largest mortality due to cervical canceheaworld (Fig. 2-1B).

Breast 29
Cervix uteri

Ovary

Colorectim

Prostate

Leukaemia

Nian_ Lindaiin ivmnihama
Lung

Oesophagus

wroid
inyroid

ASR (World) per 100 000

Figure 2-2: Incidence and mortality rates of top te cancers in Ethiopia in the year 2018

(http://gco.iarc.fritoday/data/factsheets/populations/231-ethiopia-fact-sheets.pdf).

A study conducted on prevalence of HPV infectiorEthiopian women visiting health facility
for any problem that may include gynecological ctamts, showed that 15.9% of randomly
selected women are HPV positive and 83.3% of th& IgBsitive are infected with cervical
cancer causing hrHPV types (Rulagtdal., 2006). According to Fanta (2005), 92.6% of pasent
with cervical dysplasia and cancer, from Gondagaarerth western Ethiopia, are infected with
HPV and HPV type 16 constitutes 76% of all HPV atiens. A study conducted on patients
with cervical pathologies at Jimma hospital repdré¥.1% to be infected with HPV. From
among the HPV infections the hrHPV type 16 contgguthe largest portion, the proportions
being HPV types 16 (55.7%), 18 (8.2%), 56 (8.2%)(4L1%), 39 (2.5%), 52 (1.6%), 31 (1.6%),
35 (1.6%), 58 (0.8%), 33 (0.8%), 59 (0.8%)(Beketeal., 2010). Another study on cervical
11



specimens from Ethiopia and Sudan (160 and 86 m@es respectively) showed higher
prevalence (93%) of HPV infection among cervicaiaa patients (Ebba Abatd al., 2013).
This study confirmed the highest prevalence of H®\(21% of all HPV positive samples)
followed by HPV52 (25.5%), HPV58 (22%) and HPV1®.@%). Other high risk HPV types
reported are HPV types 45(12.1%), 33(7.4%), 31(§, BB(6%), 35(4%), 39(3.4%) and low risk
types 6(10%) and 44(3.4%). A 100 percent infectwath HPV in cervical lesions is also
reported (Dawit Woldagt al.,2018) with hrHPV constituting 92.5% of infectiot$PV type 16

is the most prevalent with 44.1% followed by HP\ég 35 and 45 comprising 10% each and
types 39, 52 and 68 the least with 1.9%, 1.2% a@% @espectively of all HPV infections.

On top of the high incidence rate of cervical cantiee cost it poses on the patients and their
families is also unaffordable for most of the wom&he average cost paid directly because of
cervical cancer was estimated to be Birr 7,0604B§¥1) and productivity lost during illness

and treatment amounts Birr 273,195 ($18,841. OBpédpatients by the year 2011, and the cost

for the hospitalized patients is even more (Alenhayailu and Damen Haile Mariam, 2013).

Despite the enormous health and economic burdenceercancer poses on women and their
family, the women have very low awareness aboutcth@ition with only 31% of the study
participants having good knowledge (Frehiwot Getdkt al., 2013; Zewdie Birhantet al.,
2012). A study conducted with female universitydetots revealed that only 40.5% of them had
ever heard of cervical cancet lalone the etiology, risk and prevention (Kalayu Birtea2018).
The lack of awareness especially about the etiotddige cancer has led to misconception which
is barrier to the treatment of the cancer or segte right remedy (Zewdie Birhamt al.,2012)

and preventive measures which could have been.taken
2.3.Biology of cervical cancer

Cervical cancer arises from the epithelial cellsezmmg the uterine cervix. Uterine cervix is
covered by stratified squamous epithelium on theroectocervix and mucus secreting glandular
columnar epithelium in the inner endocevix (Snedlal.,2017). The transition zone between the

two is called squamocolumnar junction and it is #ite with distinct type of epithelial cells
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where majority of cervical cancer and its precurnssions cervical intraepithelial neoplasias
(CINs) and adenocarcinoma in situ (AIS) arise (Bletf al., 2012). Cervical cancer develops
following the multistage carcinogenesis processsipgsthrough multiple precursor lesions
(Plummeret al.,2012).

Cervical cancer thus arises from different cellldagins, most of the time from the lining of
ectocervix. Cancer arising from the ectocervixesrted as squamous cell carcinoma (SCC) and
the type of cervical cancer that starts in glandutalls of the endocervix is called
adenocarcinoma (Bucklest al, 1982). There are also mixed type of cervical icammas called
adenosquamous carcinomas. Squamous cell carcinoswaly arise at the junction of the
squamous epithelial lining and the glandular liniagregion called transformation zone (TZ).
Most of the cervical cancer is of the squamoustgpk, followed by the adenocarcinoma of the
glandular cells. Other types including the mixedvmal carcinoma and those arising from other
tissues of cervix are rare (Brinte al.,1987; Smalkt al.,2017). The proportion of histological
origin however varies from population to populatipnoportion of adenocarcinoma for example
being larger in the western population than in wth@lartin, 2007).Transformation zone is
particularly susceptible to cervical cancer inibatbecause of the presence of actively dividing

basal cells associated with puberty and onsebafaectivity (Doorbaet al.,2012).

Cervical cancer progresses through series of hashopogical stages ranging from pre-cancerous
lesions called cervical intraepithelial neoplagi@BNs) of the squamous cells or adenocarcinoma
in situ (AIS) of the columnar glandular cells. Taeprecursor lesions may be reverted
spontaneously or may progress through variousnrédiate stages to invasive cancer of higher
degree (metastatic) where the malignant cervicidd ceoss the basal membrane and spread to
other parts of the body (Wiebe&al.,2012). These precursor lesions especially CIN witee
grades (CIN1, CIN2 and CIN3), are stepwise progoessf cervical cancer (Richart, 1967).
CIN1 refers to mild dysplastic lesions that regregsshort time or does not progress to higher
grade lesions while CIN2 is moderate dysplasia @d3 severe dysplasia and carcinoma in
situ, with CIN2 more likely to regress than CIN3aall of them associated with HPV infection
(Schiffman and Wentzensen, 2013).
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Though it was not possible to clearly determinerdie as carcinogen, HPV was detected in
various types of cervical lesions since the begigrof the third quarter of twentieth century
(Torreet al.,1978; Zur Hausent al.,1981). In 1980s HPV DNA was isolated from majowofy
cervical cancers and the vifab andE7 proteins were known to have oncogenic potenti&VH
types whose DNA was frequently detected in cervicahcer are called high risk HPVs
(hrHPVS) (Zur Hausen, 1991). Despite compellingdeuce from both epidemiological and
virological studies in 1980s, it was only by Noveanldi991 that HPV16 was accepted to have
etiological association with cervical cancer at warkshop by international agency for research
on cancer (IARC) and WHO (Bose al.,1992). HPV infection persists in only small portiof
women and causes cervical cancer while majority f reverted by natural immune response.
Thus HPV infection is deemed a necessary but nibicient precondition for development of
cervical cancer. Among other cofactors that intemsith HPV infection in causing cervical
cancer are various environmental exposures andtigemakeup of individuals (Wolkt al.,
2003).

2.3.1. Risk factors for cervical cancer
2.3.1.1. Infection by hrHPV

Persistent genital infection by oncogenic HPV is ghimary risk factor for the development of
cervical cancer. Association of HPV infection withalignant lesions and cancers (Rous and
Kidd, 1938) and especially with cervical lesiongl aancers (Torret al., 1978; Zur Hausemt

al., 1981) is known since long time. Since IARC’s antH®@/s joint international workshop of
November 1991 (Bosckt al., 1992) has declared association of HPV and cerwealcer,
subsequent epidemiological (Walboometsal., 1999; Schlechket al., 2001), virology and
molecular studies have showed the oncogenic roldR¥. Specific class of HPV types was
repeatedly associated with cervical cancer whiteist are associated with non cancerous lesions
(Durst et al., 1983). The group of HPVs that associate with @alvicancer are known as
oncogenic or high risk HPV (hrHPV) types. CurrgrtR genital HPV types (types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, and 59) are clasksds carcinogenic to human (hrHPV) (IARC,
2012). Although the role of hrHPV in cervical canae currently proved beyond any doubt,
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necessity of other cofactors was also evident ftbm fact that only small portion of HPV

infected women develop cervical cancer.
2.3.1.2. Other infections and clinical conditions

Most of the genital HPV infections are cleared witkhort time without intervention (Elfgrest

al., 2000). This high rate of infection clearance tsilaiited to the properly functioning immune
system (Masket al.,2019). Infection persistence and hence progredsionvasive cancer is
much more common in women whose immune systemnigpoamised either by other infections
or medically induced immune suppression (Reussat.,2015; Leoret al., 2016; Cistjakovet

al., 2018). Co-infection by sexually transmitted irifens (STI) (Tacet al.,2014; Liet al.,2018;
Dawit Woldayet al., 2018;Kashyapet al.,2019) and inflammatory diseases (Momenimovahed
and Salehiniya, 2017) are also reported to incréesesk of cervical cancer development.

2.3.1.3. Socio-demographic risk factors

Lifestyle and socio-demographic factors also pragartant role in putting women at greater risk
of cervical cancer development. Exposures to ddmesinvironmental and occupational
carcinogenic agents are known risk factors (Waggd@03). Smoking cigarettes is among the
risky lifestyle activities that increases the chamé cancer development (Elfgren al., 2000;
Haverkoset al.,2003; Liet al.,2018). Women who began sexual intercourse at y@uage are
at higher risk than those who started later (Cogpeal., 2007; Louieet al., 2009; Plummeet
al., 2012; Kauret al.,2016; Candidet al.,2017). Having several sexual partners (Elfgeeal.,
2000; Liet al.,2018), multiple full term pregnancies or givingtbito higher number of children
(Mufioz et al., 2002; Jenseet al., 2013; Tacet al., 2014;Dawit Woldayet al., 2018 are also
found to increase the risk. Lower socioeconomitustallliteracy (Thulaseedharast al., 2012;
Kaur et al., 2016) and personal hygiene (Kashyml., 2019) are also among risk factors that
contribute to cervical cancer developmentgtal.,2018). Residence and oral contraceptive use
are also reported to associate with cervical cabhaein contradicting ways in different studies
(Moreno et al., 2002; Dawit Woldayet al., 2018; Kashyapet al., 2019; Jenseet al., 2013).

Morenoet al. (2002) and Kashyapt al(2019) reported contraceptive use as risk factaitewh
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Dawit Woldayet al. (2018) andlenseret al(2013) reported non association. Rural residence is
reported to be risk factor iDawit Woldayet al. (2018) but as protective factor Kashyapet
al.(2019).

2.3.1.4. Role of genetics in cervical cancer

Epidemiological studies that show only small portiwf women infected with hrHPV develop
cervical cancer and findings from heritability seslled to investigations of genetic association
studies. Several studies on hundreds of human ganants reported different degree of
association between the gene variants with HP\ttide persistence and progression to cervical
cancer. Many of polymorphisms in tumor suppressemeg, immune response genes, DNA
damage repair and many in signaling pathways amngmmost commonly studied gene classes
in various populations. Despite the number of aed®es undertaken, the data obtained in most
of the genetic polymorphisms is insufficient towlra sound and concrete relationship between
cervical cancer and the genetic variants. Thisasidally because majority of cancer cases
associate with several low penetrance cancer pesiisg gene variants as gene variants that
have higher penetrance of carcinogenicity are s® tteat their contribution is so low (Turnbull
et al.,, 2018). Moreover different researches on differpopulations often come up with
contradicting findings (Eltahiet al.,2012; Koshiolet al.,2009; Makniet al.,2000; Mitraet al.,
2005; Luocet al.,2012; Meiet al.,2012).

Comparative studies of relative risks of sibs, hsilbis and adoptive sibs (Rotkin, 1966;
Magnussoret al., 2000; Coimbra and Regateiro 2001; Hemminki andnC2@06) and twins
(Rotkin, 1966; Czeneet al., 2002) compared against risks of unrelated indiisiureveal
familial clustering of cervical cancer. In thesadsés relatives of cervical cancer patients were
found to be at increased relative risk than uneelandividuals. Some of these studies show the
heritable factor contributes significantly (Czesteal.,2002, 22% and Hemminki and Chen 2006,
64%) for susceptibility to cervical cancer. Evaough the shared environment also contributes
to the familial clustering, the relative risks dnigher for the more close biological relatives than

the non biological relatives.
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Several epidemiological studies show familial aggten of cervical cancer, but many of them
attributed the observed familial aggregation (Léctsteinet al.,2000; Czenet al.,2002) higher
relative familial risks and heritability (Hemmingt al., 1999) to environmental factors shared by
members of the same family. For example, sharett@ment that makes family members
susceptible to infection by hrHPV types or vertit@nsmission of hrHPV from mothers to
daughters (Kayet al., 1996) were thought to be the reasons of famiigitst Incidence of
cervical cancer in relatives of cervical cancengras and healthy controls shows that heritable
factors play great role in susceptibility to thencar (Table 2-1) (Magnussoat al., 1999). A
well designed study to partition between genetid environmental shared factors (Magnusson
et al., 2000) revealed that heritable genetic factors piayportant role through either
susceptibility to infection by and persistence dP\Hor enhancing cancer progression. An
epidemiological study with siblings (Hemminki andhé&n, 2006) showed familial risk for full
sibs of an affected proband is 1.84 while it isOladd 1.27 for maternal and paternal half sibs

respectively, which implies the importance of genktctors.

Table 2-1. Relative risks of relatives of patient@mpared with relatives of healthy controls

Magnussonet al., Hemminki and Coimbra and
1999 Chen 2006* Regateiro 2001

Biological mothers 1.83 (1.77-1.88) - 1.83
Biological full sisters 1.93 (1.85-2.01) 1.84 (1-B88) 1.93
Adoptive mothers 1.10 (0.76-1.54) - 1.10
Non biological sisters 1.15(0.82-1.57) - 1.15
Half sisters 1.45 (1.31-1.60) 1.31 (1.24-1.37) 1.45
Paternal half sisters 1.41(1.22-1.62) 1.27 (1.38)1. -
Maternal half sisters 1.49(1.29-1.73) 1.40 (1.3E). -

*standard incidence ratio

A lot of molecular genetic studies ranging from didiate gene association studies and linkage
analysis to genome wide association studies hasee taled to map cervical cancer to certain

gene variants but with little success. In an efforttocument the large body of information from
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genetic studies, Agarwat al., (2011) have built a cervical cancer gene dataf@€®B). Only
upon establishment in 2011, CCDB has compiled 58rieg which were experimentally
validated to have some sort of involvement in amlicancer development, from which

mutations and polymorphisms constitute very smattipn (Fig. 2-3).
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Figure 2-3: Genes involved in cervical cancer (sone CCDB, Agarwalet al., 2011)

2.3.2. Epigenetics in cervical cancer

Gene expression is mainly regulated by differemjespetic mechanisms that enhance or repress
it (Taby and Issa, 2010). Since epigenetic regufatif gene expression plays crucial roles in the

normal functioning of cells, anomalous epigenetiergs referred to as epimutations, lead to

abnormal conditions such as cancer, degeneratsgasies and metabolic disorders (Fingerman
et al.2011). The role of epigenetics in cervical cans@reat for all the factors believed to cause

or predispose to cervical cancer act mainly throggglgenetic alterations by affecting expression

of different classes of genes such as those indalveancer suppression and immune response
(Kabekkoduet al.,2017)

Cervical cancer is found to associate with allsoftaberrant epigenetic modifications. Several
genes ranging in their functions from apoptosis,ADMpair, transcription factors, hormone

receptors and key actors in cell cycle and cefed#ntiation pathways, show different degrees of
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epigenetic alterations (Yang, 2013; Sieget al., 2015). Progressive global DNA
hypomethylation with severity of pathology is doemted in cervical cancer (Kiet al.,1994).
Various histone modifications such as increasedykmt®n and phoshorylation of histone
protein H3, loss of acetylation and methylationpessively of 18' and 28" lysine residues of
histone protein H4 (H4K16ac and H4K20me3) and upHaion of histone deacetylase (HDAC)
enzyme are evident in cervical cancer progresssatofet al.,2017; Seret al.,2018; Liuet al.,
2019). Loss of imprinting of growth regulator geniasulin like growth factor 2 (IGF2) and H19
is also among epigenetic changes observed in etreéncer (Duefias-Gonzalet al., 2005).
Chromatin binding protein Bromodomain-containingtein 4 (Brd4) is one of genes whose
function is modulated by HPV proteins through epi&je processes. Brd4 is competitively
inhibited by HPVE2 protein while its viral early promoter repressiomction is interrupted by
ablation of the necessary epigenetic marks (8b#d.,2017).

From epigenetic changes different studies haveritbestdifferent DNA methylation markers to
be informative about the stages of cervical patiffie® Screening from 12 genes which are
known to be differentially methylated in cervical@her human cancers, Wismanal. (2006),
have showed a panel of four genes methylation tiectieervical cancers with sensitivity of 89%
which is comparable with that of cytology (89%) dntHPV DNA tests (90%) and specificity of
100% which is much higher than cytology (83%) andRV tests (68%). Kinet al.(2010), had
screened methylation of 12 genes for their assooniawvith the stage of cervical lesions and
demonstrated that combination of three genes (RARwist and MGMT) methylation could
differentiate between invasive cancer and precamselesions with specificity of 82.2% and
sensitivity of 78.7%. Overmeeat al(2011) reported down regulation of two tumor suppoe
genes, cell adhesion molecule 1 (CADM1) and T-lyogytte maturation associated protein
(MAL) in cervical cancer. They have demonstratedtttCADM1 and MAL promoter
methylation when combined can detect cervical cawil 78% specificity and 70% sensitivity.
CADM1 and MAL promoter methylation is also assoethtwith hrHPV infection status in
addition to cervical pathology grades (MerSaketal.,2018), hrHPV positive patients showing
higher level of methylation than hrHPV negativeigatls. Promoter methylation of CADM1 and
MAL together with another gene implicated in cealicarcinogenesis, family with sequence

similarity 19 member A4, C-C motif chemokine liké~AM19A4), evaluated in recent
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study(Dankaiet al., 2019) has enhanced sensitivity of test for highadgr cervical lesion
especially when combined with hrHPV genotyping. tigation of CpGs in promoter region of
heparan sulfate D-glucosamyl 3-O-sulfotransfarasgdi33ST2) and CDH1 gene encoding
adhesion molecule were also higher in high gradeica lesion and invasive cervical cancer
(Shivapurkaret al, 2007).

In an effort to enhance the sensitivity and speityfiof the existing cervical screening tests,
various studies had reported a lot of methylatiarkars to be used as triage test. Panel of four
human genesJAM3, EPB41L3, TERT and C130ORFX8omoter methylation in combination
with HPV test is reported to improve accuracy démals to coloscopy (Eijsinkt al, 2011b).
EPB41L3 promoter methylation stood the best among 26 humgmes screened for their

performance in detecting CIN2 or worse cervicaldies (Vasiljevicet al, 2014a).

DNA methylation changes that associate with cehpeaghology are not only those of the human
genes, but also those of the HPV. Lorietal (2013) demonstrate that methylation of CpG sites
in HPV16 L1 and L2 genes increase progressiveli aiverity of cervical lesions. Methylation
of CpGs in L1 and L2 genes of HPVs 18, 31 and 3Bigber in cervical lesions worse than
CIN2 (Vasiljevicet al, 2014b). DNA methylation scores of various comboraof gene both
from human (Eijsinket al, 2011b) and human and HPV combined (Brentealkal, 2014,
Brentnallet al, 2015, Lorinczet al, 2016) were evaluated for their performance taused as

triage classifiers of cervical lesions.

Brentnall et al (2015) have formulated DNA methylation based w&iagst usingePB41L3
promoter and HPV16 L1, HPV16 L2, HPV18 L2, HPV31 &id HPV33 L2 methylation scores

and named it S5 classifier.

S5 =309 X EPB41L3 + 13.7 Xx HPV16L1 + 4.3 X HPV16L2 + 8.4 X HPV18L2 + 22.4
X HPV31L1 + 20.3 X HPV33L2

Where; the gene names in the formula correspomdetthylation percentage and proportions of

CpG sites in the gene regions (described in théoastsection).
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S5 classifier was developed through series of nuadibns starting with methylation of HPV16
L1 and L2 regions (S1) and adding methylation irlvli® URR (S2) (Lorinczt al, 2013) and
combining methylation data fro®PB41L3 HPV16 L1 and L2, HPV18 L2 and HPV31 L1 (S4)
(Brentnallet al, 2014).

2.3.3. Cervical cancer precursor lesions intervention and

management

Various intervention strategies and managementepiiges are devised and implemented in
different settings. As in any health problem, praian is the priority area in cervical cancer
intervention also. Since cervical cancer is a koafdhealth problem that affect large number of
people and its prevalence is almost global, WHOgraduced standardized prevention (WHO,
2014a) and treatment (WHO, 2014b) guidelines tq haduntries to adopt screening and
treatment methods that suit their situations. @alvicancer has latent or asymptomatic
premalignant stages which may regress spontane@isjyounger ages (Baset al., 2018).
Cervical precancerous lesions (CINs or AIS) occmd éast decades before they progress to
invasive cancer. Treatments of these non invagiwegmcerous cervical lesions may successfully

prevent deaths and morbidities associated witlnivesive cancer (Casté al.,2017).
2.3.3.1. Cervical cancer screening

Cervical cancer screening is a program adoptedIiopst every nation aimed at testing for
existence of cervical precancerous lesions, whalelpotential to progress to cancers, and then
treat it (WHO, 2013). Detection of cervical precarous lesions, at early curable stage which
enables early treatment and increase positive mésoand ultimately reduces incidence and
mortality, is considered secondary prevention (WRQ14a). Effective prediction of the fate of
the premalignant stages of cervical cancer is itaoorto treat the lesions without both missing
the progressive lesion as well as over-treatinglésens that could regress spontaneously. In
addition to their performance, screening tests khba cost effective and accessible (Johnson,
2018) to those in need. Different countries havenfdated different screening policies based on

prevalence of the cases, cost of the tests, satsitf tests and age of women to be screened (de
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Kok et al., 2012). Currently available cervical screeningdeste cytological, visual inspection

and HPV testing, with a lot of others under develept and awaiting aproval.

2.3.3.2. Pap smear

Cytological test as a means of screening for cahviancer was first introduced in 1940s by
George Papanicolaou and the test is termed Papftestthe inventor (Flanagan, 2018). Pap
smear screening has substantially reduced cerwaater incidence in western countries
(Gustafssoret al.,1997), even though the success is largely limibesguamous cell carcinomas
(Dijkstraet al.,2014). Pap smear has broad range of sensitivitghwik affected by factors such
as specimen quality, slide preparation and subgadtietection and interpretation. Cytology
based screening is improved by introduction ofitideased cytology (LBC) where the specimen
collected is fixed in liquid preservative instedddoect smear on slide. The advantage of LBC is
good quality smear as the cells are uniformly disted and leftover sample can be used for
other tests such as HPV detection (Chrysostoet@.,2018).

Cytological tests are valuable in diagnosing cexiveancer where clinical symptoms are evident
in addition to screening asymptomatic women. It datect cervical cancer with a sensitivity of
greater than 90% in young women with symptoms, segraf population with higher frequency
of symptoms but lower cases of cervical cancer (lamal., 2016). Cytological screening
however, has number of drawbacks, like limited sty especially for precancerous lesions,
need for repeated screening and shorter interved-tésting, inability to detect adenocarcinoma
and its precursor lesions AIS and subjectivity ferpretation (Chrysostomoet al., 2018;
Dijkstra et al.,2014). Women with abnormal cytology are usualbted again, tested for HPV,
referred to colposcopy examination and/or biopssedahistopathology (Basi al.,2018).

2.3.3.3. Immunocytochemical (ICC) staining

To improve sensitivity and specificity of cytologgcreening, immunocytochemical staining

where expression of cyclin-dependent protein kiriakéitor p18V<+2

(also known as p16 for
short) and nuclear antigen Ki-67 are stained uamtgody specific to them is introduced (Satn
al., 2019). Immunocytochemical staining also known pd$/Ki-67 dual staining relies on
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detection of simultaneous expression of functignahtagonistic proteins pl6 and Ki-67.
Expression of p16 which normally serves as celleyontrol at G1 to S phase is lost in most
cancers but it is enhanced in hrHPV induced celviesions because of actions of HPV
oncogenes which deregulate the negative feedbaitk expression (Celewiazt al, 2018). Ki-
67 is a nuclear proliferation marker expressedlatages of cell cycle exceptyGExpression of

these two in the same cervical cell denotes matigimansformation (Suat al, 2019).

Immunocychemical staining uses antibodies spetifip16 and Ki-67 and chemical stains that
differentially stain cells with p16 and Ki-67 (Celiez et al, 2018). ICC staining not only

detects high grade cervical lesions but is usefudatermining the fate of hrHPV infected low
grade cervical lesions (Hebbar and Murthy, 201 8né¢ p16/Ki-67 dual staining is believed to
enable cytological tests to identify lower gradsidaes which are more likely to progress to

invasive cervical cancer (Se al, 2019).
2.3.3.4.  Visual inspection

An alternative screening technique especially &mource limited settings is visual inspection
with acetic acid (VIA) or visual inspection with gal’'s lodine (VILI), where acetic acid or
Lugol’s iodine solution is applied to the cervixdaobserved for distinctly colored area by naked
eyes. This technique is reported to work best faa-rpenopausal women because in post-
menoupausal women the transformation zone is hi@ggdenhormonal changes may obscure the
color change (Belinsoret al.,2001; Huchkoet al.,2015; Bastet al.,2018). In women aged 35
to 45 years, VIA had sensitivity of 71% and spedifi of 74% in detecting CIN2 or worse
lesions (Belinsonet al., 2001). Visual inspection is method of choice eglcin resource
limited settings as it does not require laborateggup and much equipment, no specimen
transport and immediate test results (Burd, 2018ysbstomotet al.,2018).

2.3.3.5. HPV testing

It was only at the onset of the2&entury that alternative screening method by dieteof the
hrHPV DNA came in to place. Pap smear and HPVrgdtiave served together since, as co-

testing to extend the testing intervals and enhaeseacuracy. In 2012 findings of persistent
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hrHPV infection by the DNA test assumed the statfiscreening positive. HPV testing and
genotyping was approved to be used in women olien 5 years as screening test without

concurrent cytology in 2015 (Flanagan, 2018).

Following recognition of causal relationship betwgmersistent hrHPV infection and cervical
cancer, series of HPV based tests are developedrasning test for cervical lesions. Various
techniques are used to detect presence of HPV DiEi#ct specific HPV type (genotyping) and
guantify the HPV DNA and sometimes mRNAs to follay changes (Eide and Debaque, 2012).
Some of the techniques detect non-amplified DNAthe samples while others rely on
amplification techniques of various types. The nemshmonly used amplification techniques are
target amplification where the target HPV DNA isgifred by PCR followed by various types
of analysis (Abreuet al., 2012), signal amplification by intensifying thegsal or probe
amplification where only hybridized probes are afrgd (Fu et al., 2012). Loop mediated
isothermal amplification (LAMP) was also succedsfulsed to detect and type HPVs in cervical

specimens (Rohatensky al.,2018).

Non-amplification techniques such as southern ibigttdot blot hybridization and in-situ
hybridization were used in research laboratorias skudy HPV. In techniques that use southern
blotting, DNA extracted from samples containing HRVrestriction digested, then run on gel
electrophoresis and visualized by hybridizatiorhwitPV genomic probes (Capoatal.,2000).

In dot blot hybridization the target DNA is eith@striction digested or PCR amplified and then
hybridized with probes immobilized on membrane @bt al., 1992; Kanget al.,2019). In in-
situ hybridization intact cells suspected to cantdPV DNA are prepared and immobilized on
microscope slides and hybridized with HPV specpiiobes which may be visualized by
antibody and enzymes (Capoetkal., 2000). Limitations with these techniques are thmiver
sensitivity, requirement of large amount of DNA asametimes radioactive labeling and their

time and labor intensive procedure (Abedwal.,2012).

Signal amplification is where certain signal, fefiog presence of specific species of molecules,
is amplified by either compound probing or branghprobes. One of the widely and long used
HPV detection test hybrid capture assay uses RNodhgw complementary to 18 HPV types
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(Burd, 2016). DNA in the test sample is denatured mixed with the RNA probe. The mix is
then poured to antibody immobilized on the walhatrotiter plate that captures the DNA/RNA
hybrid only. The captured hybrid is then detectgdidght emission after series of antibodies and

enzyme treatment (Clavet al.,1998).

Probe amplification where probes complementarypecgic HPV type DNA is amplified by
PCR or ligase chain reaction (LCR) only in the pres of the target HPV DNA. Labeled probes
with different meting temperature are designeddifferent target sequences (HPV genotypes in
this case) so that their presence in the reaction isn detected at their specific melting
temperature. The probes are designed in such ahaayhey hybridize to target sequence either
to serve as a primer or lie in primers bound regsonthat they can be hydrolyzed by 5
exonuclease activity of DNA polymerase. PCR amgiiion following hybridization will
consume hybridized probes leaving unhybridized rtthProbe detection after hybridization
reveals which probe has got its target sequendieeimeaction mix (Fet al.,2012; Sakellariou

et al.,2019).

Target HPV DNA or RNA is PCR amplified and detectedurther analyzed by techniques like
hybridization or sequencing. Dozens of HPV detegtgenotyping and viral load quantification
and even HPV genome integration tests work based@R amplification of the viral DNA or
RNA (Abreuet al.,2012). PCR using consensus primers GP5/6 and MYO0®4s potential to
detect all mucosal HPV types. Hybridizing PCR aegilis with type specific probes enables
detection of specific genotypes (Villa and Denn@0@, Eide and Debaque, 2012). PCR can be
used for genotyping by the use of type specifiamprs or though hybridizing, restriction
digesting (PCR-RFLP) or sequencing the PCR prodifdiseu et al., 2012). Multiplexed real
time PCR is also used in detecting presence asase@luantification of DNA or RNA of specific
HPV types (Josefssost al., 1999; Wanget al, 2015). PCR based tests are good to work with
scarce material but suffer a lot from contaminatmal sequencing is cost inhibitory to be used
as routine test (Shadt al.,2016).

HPV testing is amenable for self sampling whichréiases the likelihood of women to take part

in screening by as high as twofold due to its comgce and privacy by precluding barriers like
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fear, shame, geographical barriers, time limitgtiomtural and religious barriers (Yedt al.,
2019). HPV tests have generally higher sensititign cytological test but large number of HPV
test positives might not be of clinical significan@hrysostomoet al.,2018). This may lead to
more unnecessary referrals while cytology has |lesessitivity and hence may lead to delay in
receiving the appropriate treatment (Koliopouktsal., 2017). mRNA based tests with good
level of sensitivity and specificity have bettertgutial in both HPV detection and risk
stratification by enumerating mRNA of HPV oncogemédsch is direct player in the process of
carcinogenesis (Macead al.,2019).

There is a heated debate whether to use hrHPVhgestone or co-testing with cytology as
screening test. The pro hrHPV testing argue thidPNf testing is superior in preventing cervical
cancer, cost effectiveness and acceptability (Glatgenouet al.,2018). HPV testing is likely to
reduce cervical cancer incidence, and health systests but increases number of colposcopies
because of its lower specificity (Baies al.,2019). Using hrHPV testing reduces the cost as the
testing interval is longer (at least five yearsnpared with the three years of cytology test
interval (Diazet al., 2018). Comparative study of Pap test and HPV (HE&) reported 39.2%
superiority in sensitivity of HPV test while it @ly 2.7% less specific (Mayrared al.,2007).

The opponents challenge this argument from thenagsons it is based on. hrHPV testing
assumes that hrHPV DNA is found in 100% of cervizaicers, and those arguing against refute
this argument citing studies demonstrating 9% catvissue in American cancer registry alone
lacking detectable HPV DNA (Flanagan, 2018; Hopenhaet al 2014) and 37% of
adenocarcinomas around the world are HPV negé®iveget al.,2014).

Dudding (2016) argues screening by cytology and Hé®ting have comparable sensitivity and
the reason screening by HPV testing is preferredesause of only its extended interval of
testing. Extended intervals jeopardizes its pradicpotential putting the screened at risk. HPV
based screening has 3-4% lower specificity becaisis inability to distinguish between

persistent and transient infection, but it is 2043@nore sensitive than cytology which also

requires highly trained practitioner (Dijkstet al., 2014). Regardless of the debates, many
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countries are shifting their screening programsnfigytology and cytology —HPV co-testing to
HPV testing alone (Flanagan, 2018; Bagtsl.,2019).

2.3.3.6. HPV genotyping

HPV genotyping- identifying the HPV type- has twarposes in cervical cancer prevention
efforts. First knowing the most prevalent HPV tyjpeservical cancers help in developing type
specific vaccination, and second, detecting infecby carcinogenic HPV genotype is crucial to
clinical follow-ups and to treat precancerous lasicearlier (Gradissimo and Burk, 2017).
Currently available HPV vaccines all target the tmmmsmmon HPV types from prevalence data

obtained through epidemiological studies.

Because most of commercial HPV genotyping testslasggned with the hrHPVs as their main
targets, very little information about prevalendeother HPV types is available in most of the
scientific literature. Meiringet al. (2012) have identified four HPV types (HPV-30, -786 and
-90) with significant prevalence among HIV positpatients using next generation sequencing.
Though these types were not reported for their mamee in cervical carcinogenesis, the authors
recommended tests to be more inclusive so thatr ¢/ types which may have medical

significance could be detected.

2.3.4. HPV vaccine

The first HPV vaccination was licensed in 2006 (WHX017) with a quadrivalent vaccine made
of empty viral coat proteins with no infectious ag&rgeting the two most common oncogenic
HPV types, HPV16 and HPV18 and the other two mashroon low risk types HPV6 and
HPV11 (Cuttset al., 2007). Other two vaccines a bivalent, against H®B/and 18, and a
nonavalent targeting nine hrHPVs (HPVs 6, 11, 85,31, 33, 45, 52 and 58) made fratcoat
protein, were licensed in 2007 and 2014 respegtidHO, 2017). HPV vaccine is the second
ever type of vaccine intended to prevent major eamext to the hepatitis B vaccine (Kane,
2010).
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It is also a success story as the quadrivalentaradlent HPV vaccines have showed protection
from precancers of more than 90% for up to fivergexdter vaccination when evaluated (Cetts
al., 2007). Moreover, antibody levels induced by alM&accines are higher than that induced
by natural HPV infection and remained stable fdo 42 years after immunization (Artemchuk
et al., 2019). This guards adolescent girls against irdactiuring their both biologically and

behaviorally most susceptible ages.

Since the highest incidence of HPV infection isiklgithe age immediately following onset of
sexual activity and the vaccines do not protearafkposure, vaccination at ages before sexual
debut will have greatest benefit (Cui$ al., 2007). WHO recommended vaccinating pre
adolescent girls (9-14 years old) as a first ptyosind females older than 15 and males as second
priority. Inclusion of HPV vaccination in nation@mhmunization programs is also recommended
by WHO (WHO, 2017).

2.3.5. Treatment of precursor cervical lesions

Based on the results of screening tests discudsaeeavomen may be called for next routine
screening test, repeat test if the previous isriokssive or referred for colposcopy examination
and treatments (Chrysostomet al., 2018). CIN2 or worse and AIS are recommended to be
treated by cryotherapy, loop electrosurgical extigirocedure (LEEP)/large loop excision of the
transformation zone (LLETZ) or cold knife conizati®CKC) (WHO, 2014b).

Cryotherapy, where very cold probe is used to &eite precancerous tissue and thus induce
necrosis to destroy the abnormal cells is a widelgd treatment for CIN (Bat al., 2018).
This technique uses liquefied gases usually nitmide or carbon dioxide to cool the probe to
around -90C (Castleet al.,2017). The cure rate of cryotherapy is 92% and 8€IN2 and
CIN3 respectively. Cryotherapy is a good treatmeption in resource limited settings as it
doesn’t require anesthesia and can be performedrdiged non-specialist practitioners.
Availability of the refrigerant gases however imiling factor for cryotherapy (Baset al.,
2018).
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Alternative to cryotherapy, where the refrigeraasegs are not available, is thermal coagulation,
treatment of the abnormal cervical tissue by apgjyiot probe for less than a minute (Castle
al., 2017). This procedure is proved feasible and &¥fedn resource limited setting where
infrastructure for cryotherapy is lacking (Campleelal.,2016). Recently a new portable thermal
coagulation device powered with battery was inverte increase accessibility of the service
(Langell et al., 2018). Thermal coagulation has generally highee aate (94%) than the
cryotherapy (Baset al.,2018) and minor side effects (Viviaebal.,2017).

Removal of the entire transformation zone by a \iop electrosurgical instrument termed loop
electrosurgical excision procedure (LEEP) or lalgep excision of the transformation zone
(LLETZ) is commonly used in clinical facilities. IHP or LLETZ is performed under local
anesthesia and has a cure rate of 90% (Basl., 2018). Another excision technique used to
treat AIS and micro invasive cancer is cold knitaization (CKC). CKC is performed only
rarely as it is more complicated and requires &essh and hospitalization. LEEP/LLETZ and
CKC can also be used as tissue sampling for diagmdgere biopsy testing is required (Castie
al., 2017). In cases where CIN2 and CIN3 persist ourrec the above mentioned treatment
options are not successful and for women with AlBowhas completed child bearing

hysterectomy is preferred treatment option (Mastad, 2013).
2.4.Human papillomavirus (HPV)

Human papillomaviruses (HPVs) are small non envedogruses of the Papillomaviridae family
which is composed of different papillomavirusesluding different animal papillomavirus (de
Villiers et al.,2004; Bernarekt al.,2010). Papillomaviruses are small (50-60nm in @iar) non
enveloped DNA viruses with icosahedral shape. Taron of papillomaviruses is based on
nucleotide sequences of genomic or selected subkgenregion (usuallyl.1l open reading
frame) because phylogenies based on nucleotideesegs are highly correlated with
pathogenicity and tissue tropism of the virus (Rahsl.,1992). The family Papillomaviridae is
further classified in to genera, designated by Gredphabets followed by the term
‘papillomavirus’(for example alpha papillomavirdsgta papillomavirus), species designated by
the genus Greek alphabet followed by number (fangde alpha 1, alpha 2) and type named by
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an abbreviation HPV followed by number (for exampleV1, HPV2). Members of different
genera share nucleotide sequence of less than §i¥¢ies of the same genus have 60% to 70%
sequence similarity and different types in the sapezies have 71% to 89% sequence similarity
(de Villiers et al., 2004). Papillomaviruses are classified and namgdthle international
committee on taxonomy of viruses (ICTV) to the spedevel, but the types are assigned and
named by the international HPV center (MUgtr al., 2018). HPVs are assigned as type if
nucleotide sequence in the selected regioihlofjene differ at least 10% from other related
types. Papillomaviruses which share 90% to 98%eif tsequence in the selectetiregion are
considered subtype and a difference of less tharva@gant (Bernard, 2013a; Doorbat al.,
2015).

Though the formal taxonomic levels recognized koldgists are in the species, genus, family
etc levels, these taxonomic levels are not mucll lblgeHPV researchers especially by those
focusing on medical importance (de Villieet al., 2004). The prominent level of HPV
classification in the field is the type and subtypesearched by some epidemiological studies
(Bernardet al., 2010). Classification based on E6 genomic regibicivis directly involved in
pathogenicity is also consistent with the type lelassification based on the L1 region (Cornet
et al.,2012).

Currently there are more than 220 validated andircoed types of HPVs which fall in to five
genera (Alpha, Beta, Gamma, Mu and Nu) of familpiRemaviridae based on their genome
sequences (Doorbat al., 2012). Recently genus gamma has acquired thesklargember of
HPV types and there are 98 HPV types in gammapi@t by alpha and beta with 65 and 54
HPV types respectively while mu has three HPV tyged nu only one HPV type (Mulet al.,
2018). There are also hundreds of novel papilloniaviypes recently isolated and are awaiting

validation (vwww.hpvcenter.se/lhuman reference clones

2.4.1. HPV genome

HPV genome is circular double stranded DNA of size9kb, encoding eight or nine gene

products among which four, two capsid proteins &amal regulatory proteins, are core proteins
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expressed and highly conserved across all HPV Ygeoorslaert al., 2017). Higher gene

density in HPVs is attained through overlapping ropeading frames (ORFs) and complex
alternative splicing (Doorbaet al., 2015). HPV genome is organized in to chromatire lik
structure wrapped with cellular histone proteinavieet al.,1977) which helps the HPV to use

cellular products and machinery for its genomeicagibn and transcription.

The HPV core proteins the two capsid proteins dallé and L2, and two replication or
transcription factor€l andE2 are highly conserved (Doorbat al., 2015). The rest proteins
encodedE4, E5 E6 andE7, vary from type to type in their size, sequenced aometimes
presence (Doorbaat al.,2012). These unconserved proteins may serve yaidtinctions such
as adapting to specific host niches, establishingral replication competent environment,
eluding the host immune system, and modifying th&t leell to facilitate production and release

of progeny virion (McBride, 2017).

The HPV genome is generally divided in three regionthe early region, that encodes, E2,
E4, E5, E6, E7 and in some HPV types different forms 8 viral early proteins; ii) the late
region, that encodelsl and L2 viral capsid proteins, and iii) the upstream raguly region
(URR) or long control region (LCR), a non codingué&tory region (Fig. 2-4). The LCR region
is subdivided as 5'LCR, enhancer and promoter (Mimova and Doeberitz, 2011). It also
contains important regulatory sequences such diagpn origin and fourE2 binding sites
(E2BS1, E2BS2, E2BS3 andE2BS4) for regulation of transcription downstream €df and
Baker, 2006).

URR: origin of replication, E6 E7 E1: Viral DNA replication and transcription
transcription factor-binding URR

sites and gene expression
control

E2: Viral DNA replication, apoptosis,
transcriptional repressor of EG/E7

L1: Major capsid protein E4: viral DNA replication

ES5: cell proliferation, alteration of signaling
L2: Minor capsid protein HPV16 E1 Pathways (EGFR), immune recognition ( MHC)
dsDNA and apoptosis

7906 bp

E6: p53 degradation, alteration of cell cyde
regulation, apoptosis resistance chromosomal
instability and cell immortalization (TERT)

E7: pRB degradation, re-entry into S-phase cell
cycle, p16 realize and overexpression,
chromosomal instability

Figure 2-4: HPV16 genome organization and structuréde Sanjosect al., 2018)
31



Early genes are transcribed from early promoteatkxt in the LCR region while the late genes
are transcribed from the late promoter locatedhi@ E7 ORF (Bernard, 2013b). The early
promoter is tightly controlled from thE2 binding site located upstream that interacts with
cellular transcription factors mostly recruited the viral E2 protein. Early primary transcript
(pre-mRNA) is composed of three exons and two imgnehich yieldel, E2, E6, E7, EI"E4, E4,

E5 and in some HPV typds8"E2 fusion proteins through alternative splicing (Mgp@017).
Transcription and replication regulatory protein ERds the early promoter and regulates the
transcription of early genes including own mRNA. eThate promoter is activated in
differentiated keratinocytes only and is not col by E2. The late primary transcript is
chimeric with early genelS1, E2, E1*E4 andE>5 at its 5’ terminus and late genlesandL?2 at 3’
terminus (Zheng and Baker, 2006, Moody, 2017). [ake promoter is thought to be activated by

differentiation specific cellular factors (Moody)27).

Though different papillomavirus types have diffdardife cycle, all are adapted to epithelial
niches (Doorbaet al.,2012). The genus alphapapillomavirus is compogdadRY/s that infect

the mucosal and cutaneous epithelium while therstirdect only the cutaneous epithelium
(Crow, 2012). The group alphapapillomaviruses infiee anogenital mucosa mainly uterine

cervix and are called genital HPVs.

Infection by HPV may cause cancer, papillomas ortsvar may be asymptomatic or latent
depending on the HPV type and tissue type or ditenfection (McBride, 2017). A study
conducted to assess prevalence of skin HPV infectigpeople with healthy skins found high
prevalence (42-70%) in five populations from diéfet parts of the world (Antonssat al.,
2003). The infections often cause micro-lesions smhetimes no symptoms at all as a lot of
them are isolated from healthy skins (de Villietsal.,2004). The mucosal alpha HPV types are
further divided as high risk and low risk types ighihe cutaneous are all low risk types. The
high risk HPVs (hrHPVS) also called oncogenic HP&sjses invasive cancers of various types.
Infection by hrHPVs is the major etiologic factar several cancers of epithelial cells while the
low risk HPVs cause common warts and flat wartsgiDar et al., 2012). Under different
immune suppressing conditions however, the lataféctions commonly result in different
forms of lesions (Reusset al.,2015).
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International agency for research on cancer (IAR& classified carcinogenic agents in groups
as group 1 carcinogenic, group 2A probably carcémdgy group 2B possibly carcinogenic,
group 3 not classifiable as to its carcinogeniaityl group 4 probably not carcinogenic. Cervical
alpha HPV types 16, 18, 31, 33, 35, 39, 45, 5156258, and 59 are classified as groupl, type
68 as group 2A, types 26, 53, 66, 67, 70, 73 ands8group 2B and types 6 and 11 as group 3
(IARC, 2012). The 12 carcinogenic types also knawgn hrHPV types are well known to
associate with cervical cancers (Snethal.,2007) and HPV types 16 and 18 alone cause about
70% of cervical cancers worldwide (WHO, 2013). TWwe major oncogenic proteins of hrHPV
are designated ds6 andE7 and they are known to disrupt the function of cgitle regulating
proteins retinoblastoma (pRb) and p53 respecti®hartin, 2007 and Doorbar, 2006). In
addition to cervical cancer hrHPV infection is alsaplicated in vulvar, vaginal, penile, anal,
some oropharyngeal, head and neck as well as ctdbreancers Stanley, 2010Laceet al.,
2011).

2.4.2. HPV genes (proteins)

Genes of hrHPV are transcribed as polycistronic ARNrom a single DNA strand.
Transcription is initiated at two major viral proteo regions called early and late promoters
(Longworth and Laimins, 2004). Each HPV gene isregped in viral lifecycle dependent
manner as HPV proteins have lifecycle stage spawfe (Schwartz, 2013).

LCR/URR

The long control region contains no ORF but onlgutatory elements. It contains the early
promoter or transcription start site, replicationgm and four E2 binding sequences called
E2BSs and other control elements such as binding $ite cellular factors in ~850bp region
(Bernard, 2013b). Flanked by the L1 and E6 gened. @R is divided in to three segments; the
5’, central and 3’ segments. The 5’ segment coataire E2BS, the central segment is known for
its transcription enhancer function and the 3’ seghtontains two E2BSs, E1 binding site and

origin of replication (Ribeiroet al.,2018).
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Papillomavirus E1 protein ranging in its size fré88 to 681 amino acids and weight of 67.5 to
76.2 kDa (Wilsonet al., 2002) it is one of HPV genes to be expressed ifirshfected cells
(Stubenrauch and Laimins, 1999) and in higher amioulater stage of viral life cycle (Graham,
2017).E1 encodes a highly conserved virus-specific protgth DNA helicase activity and it
mainly serves in viral genome replication (Doorlearal., 2015). HPV16 and 18 E1 regulate
expression of cellular genes involved in cell geshtion, migration and metastasis in addition to
immune response gene which are modulated by EIPd18, 18 and 11 (Castro-Mufiet al.,
2019).E1is entirely not essential for maintenance replicabut is important for establishment
and productive replication of the HPV16 genomeumhan keratinocytes (Egaveaal.,2012).

E2

E2is the major HPV regulatory protein that contriséascription, replication and partitioning of
viral genomes to daughter cells during cell diwisi@oorbaret al., 2015). Its expression is
higher in the middle to upper epithelial layer whiooincides with HPV genome amplification
(Graham, 2016)E2 protein interacts with both viral and cellular geres and is involved in
variety of functions from viral genome replicatiand transcription regulation to hacking the
cellular products and processes in favor of thalwieplication and persistence (Doorledral.,
2015). Evidences are there that E2 interacts alitiost all HPV proteins at different stages of

viral infection cycle (Graham, 2017).
E4

Contained in th&e2 ORF,E4 is expressed at the later stage of viral life ey@gardless of its
location in the early gene region (Doorbar, 20E3).0f HPV types 1, 16, 18 and 31 exisithe
form of E1"E4 fusion protein formed from the first five aminads of E1 andE4 protein (Yajid

et al., 2017). E4 is involved in release of the matureeadsded viral particles from the cell
surface. E1"E4 protein interacts with various deflstructures and is known to arrest cell cycle
which means suppress proliferation (Ragal.,2004).
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ES

ES5 exists in very diverse forms in the HPV, evenrggle HPV type expressing different forms.
Most hrHPV types encode &b protein with around 80 amino acids, HPV16 E5 isnbeane
localized protein with 83 amino acids (Venetial.,2011). E5 is more consistently expressed at
the early stage of HPV infection cycle and in pregmant lesions (Venutet al., 2011).
Evidences from in-vitro experiments show that hrHE%/ though weakly, is involved in cellular
transformation by enhancing anchorage independeawtly, growth in low serum and DNA
synthesis via synergistic interaction with epiderign@wth factor (EGF) (reviewed in DiMaio
and Petti, 2013). Evidences from both in vitro amds/ivo experiments show that protein E5
interact with various cellular processes and corepts such as growth factors, cell cycle,

apoptosis, stress responses and immune responseti®tal.,2011).
E6

Expressed at low level, HPV EB6 is protein with ap@mately 150 amino acids (Tomaic, 2016).
E6 is expressed in the lower and middle upper elmtim but decreases in the upper layer in the
productive HPV infection cycle (Graham, 2017). tatging with large number of cellular
proteins, E6 protein alters cellular processes in array of wayduding immortalizing or
transforming, telomere activation, p53 degradaticamscription modulation, DNA replication,

apoptosis and immune response suppression (reviewal and Klingelhutz, 2013).
E7

Conserved among different HPV types, it is a protgith 98 amino acids post translationaly
modified by proteosome and phosphorylation (Toma@16). Like the E6 protein E7 is also
expressed at the lower and middle upper layerspithedia in productive life cycle (Graham,
2017). E7 of the widely studied HPV16 has no enzymatic dtgtior DNA binding domain
(Munger at al., 2004). HPV16 E7 is localized in leus and cytoplasmic region of the infected
cells (Roman and Munger, 2013). Viral prot&d of hrHPV alters transcription of host cell
genes, via chromatin remodeling, histone modifaratiand DNA methylation, binding
transcription factors and other promoter interagfactors and micro RNAs, in such a way that
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the host cell can support the productive replicattb HPV genome (reviewed in Songoekal.,
2017). Mainly it binds and degrades retinoblastdumaor suppressor (pRb) which regulates the
cell cycle, deriving cell cycle in differentiatectatinocytes and creating cellular environment
suitable for DNA replication (Tomaic, 2016).

E8'E2

A fusion protein E8"E2 made fromE8 and the C terminal half &2 (Moody, 2017), is essential
for the maintenance of the persistent, non-prodecgihase of infection. It is encoded by a

spliced transcript and modulates viral replicatma transcription (McBride, 2017).
L1

L1 protein is the major viral coat protein which makée viral capsid assembled in to 72
capsomers of fiveel proteins (Doorbaet al., 2015). Since viral assembly takes place in the
upper strata of epithelium during the later staig@fection cycle, L1 protein is also expressed in
this part of the epithelia (Stubenrauch and Laimi$99).

L2

Also known as minor capsid protein, th2 protein is a component of the viral capsid with no
yet established proportion. It is composed of ne&A0 amino acids and weighs around 64-
78kDa. L2 is expressed at later stage of produdti?®/ infection cycle in the upper layer of

epithelia (Stubenrauch and Laimins, 1999). It Has aumerous functions throughout the viral
lifecycle from cell entry, vesicular and nucleaartsportation, gene expression regulation, viral

assembly and others not clearly defined (Wang aikeR, 2013).

2.4.3. Transmission and infection cycle

2.4.3.1. HPV transmission

HPV infection is common and widespread in globagydation. The rate varies from time to time

and place to place depending on various factors as@revension programs such as vaccination
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and specific HPV type circulating in populationeng studies have reported more than 65% of
women and comparable proportion of men have befeeted some time in their lives (Giles,
2003). Factors such as age of onset of sexuahchnmtumber of sexual partners or number of
sexual partners of sexual partner raises the odgistting infected (Stanley, 2010).

Direct body to body physical contact or indirectotlgh environmental contact between HPV
infected tissue and normal skin often with microuwd is sufficient for natural transmission of
HPV (Christensen, 2016). HPV transmission is comrbetween sexual partners, the route of
transmission being not only penetrative sex. Irepthiords, the transmission is not restricted to
genital to genital but genital to other body pastsich frequently come in contact with the
genitals and vise versa (Hernandeizal. 2008). Genital HPV infection is mainly acquired
through sexual intercourse penetrative or non patit and consistent proper use of condoms

may reduce transmission by about 60% (Stanley, 2010

A family study to determine the possibility and tesi of HPV transmission in the family
concludes that mode of transmission is complex witterent potential factors such as strength
of immune response taking part in it (Rintetaal.,2005). Transmission from mothers to infants
prenatally is also of significant importance as sidarable proportion of genital HPV positive
women transmitted to their newborns during preggasrcdelivery (Rombaldet al., 2009). A
study analyzed HPV transmission by type of delivenggested the possibility of inutero

transmission via trans-placental route (Hetgl.,2013).
2.4.3.2. Infection cycle

Many HPV infections culminate in only productivesiens where stable and persistent infection
is accompanied by steady release of virions. HMogee in this kind of life cycle is maintained
as a circular non integrated episomal form (Marg&@Q7). Productive life cycle of HPVs takes
advantage of the hosts’ means of cell replenishraeat renewal of stratified epithelium by
tightly coupling with differentiation steps of stifeed epithelial cells (Stubenrauch and Laimins,
1999; Pyeoret al, 2009; McBride, 2017; Schiffmaet al., 2016). Productive life cycle causes
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only transient lesions that usually regress spauasly without causing clinical symptoms
(Stanley, 2010).

Stratified epithelium of the cervix is composedhbaisal, parabasal and suprabasal layers. The
basal layer contains epithelial stem cells andsitaamplifying cells that divide and serve as
reservoir of cells for the other upper layers. €ddbrn in the basal layer migrate upwards
through parabasal layer to suprabasal layer andliffetentiated and lose proliferating ability.
Upon arriving at the suprabasal layer epithelidlscbecome keratinized and divide no more
(Fig. 2-5).

HPVs infection occurs if the viruses get accesgh® actively dividing basal cells through
microwounds of the stratified epithelium that expaslls in the basal lamina that consist of stem
cells and other actively dividing (transit amplig) cells (Longworth and Laimins, 2004). Once
the HPV viral particles reach the basal cells oatdted epithelium, they interact with cell
surface proteins and other receptors such as inteqd heparin (Stubenrauch and Laimins,
1999), heparan sulfate (Girogled al.,2001) laminins and growth factor receptors (Doosdta
al., 2012) to enter the cells. In-vitro assay with HB\WArus like particle (VLP) showed higher
VLP binding to cells with higher expression of calirface receptor alpha 6 integrin, suggesting
that a-6 integrin to be receptor for HPV infection (Yoehal.,2001). Different HPV types are
shown to interact with different types of cell a0é heparan sulfate proteoglycans (HSPGs) that
may lead to their preference to different tissupesy (Johnsoret al., 2009). HPV virions
associate with laminin 5 (LN5) that is secreted wogund healing keratinocytes and this

association is thought to guide the viral parti¢teghe right type of cells (Culgt al.,2006).

In the cell the viral particles will be transportiéalough various types of endosomal pathways to
the cell nucleus (Letian and Tianyu; 2010; McBrid@17). The viral genome enters the nucleus
during the nuclear envelop breakdown during mitdiidsion. The mitotic division believed to
be induced by the wound healing or other developahgmocesses serves as a gateway for the
virus (Doorbatret al.,2012).
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Once in the nucleus the viral genome undergoesiganreplication extra chromosomally (as
episome) to approximately 50 -100 copies per cetl this process is termed establishment
replication (Moody, 2017). Following this stagemaintenance replication where the viral DNA
copy number per cell is maintained low, replicatmgly along the cellular genome and it is
partitioned among the newly formed daughter ceBtuljenrauch and Laimins, 1999). Viral
proteins E1 and E2 are expressed and undertake various activiigls.binds to the viral
replication origin to unwind the double strand ehi2 binds to the viral DNA and recruits
replication and transcription machinery includiafy E2 also regulates the transcription process
by activating the early promoter when it is at lomncentration and suppressing it when it is at
higher concentration (Longworth and Laimins, 200@)is self control ability o2 keeps the

viral copy number at lower level in the basal callshis stage.

As cells migrate up from the basal layer through épithelium to the surface to replace older
cells, they pass through different levels of difatiation and will cease to enter cell cycle rather
they go into senescence. However HPV infected ¢allso differentiate terminally so that they
enter cell cycle and sustain DNA replication. Imvieal interaepithelial neoplasia (CINS) the
viral genome is maintained episomally and the vgahe expression tightly regulated. HPV
genome is integrated in the cellular genome in siweacervical cancer leading to E6 and E7
overexpression. In lower grade squamous interagmtHesions which correspond to CIN1 and
CIN2, the virus undergoes productive cycle whiclal®rted in the higher grade CIN3 lesion
(Fig. 2-5) (Crosbiest al.,2013).

Thus cells enter an S phase of cell cycle and m®dNA replication factors which are used to
replicate the viral genome (Longworth and Laimir#Z)04). With the cellular supplies
synthesized during the S phase, viral genome aeedirio replicate in the G2 stage as well
(Reinsonet al., 2015). Along with this aberrantly sustained cejicle goes productive
replication, where the viral genome reaches thailsarh copies per cell. Soon viral late genes
start to be expressed and progeny virion assenalilgstplace in the upper most layer of the
epithelium where terminally differentiated cellsdocated. This helps the virus to evade the
immune system as this part of the epithelium isumater strong immune surveillance (McBride,
2017).
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Figure 2-5: Schematic presentation of HPV life cyel and transformation of cervical cells (Crosbiest al., 2013)

Following infection, initial transient phase of gene replication occurs, but viral genome
maintained episomally at lower (50 — 200) copy nanyker cell. hrHP\E6 andE7 oncoprotein
driven basal and parabasal cell proliferation s avident during this stage initiating neoplastic
lesions (Doorbaet al., 2012). The HPV genome is partitioned among thegltan cells by
attaching to the host cell mitotic chromosomes Whi thought to be accomplished by viral
protein E2 (McBride, 2017). When HPV infected and prolifengticells reach the suprabasal
layer late viral genes important for the assemiblyature virions are expressed and new virions

are shed from the surface of epithelium (Moody, 201

Viral oncogene induced proliferation results inidesexpansion in the suprabasal layer of the
epithelium and the would be differentiated cells)aén actively dividing. Expression &6 and
E7 of the hrHPV in the upper layer of the epithelisoaforce the infected cells to re enter S-

phase, which along with the activity of other vigabteins helps viral genome amplification
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(Doorbaret al.,2012). The E4 HPV protein arrests cell cycle & @2 phase so that the viral
genome synthesis proceeds without cells enteriegdihision phase (Moody, 2017).The viral
life cycle is completed by the encapsulation ofilial genome and release of the viral particles.
This stage requires expression of the viral mdjd) @nd minor (2) coat proteins (Doorbaat

al., 2012).

2.4.4. Carcinogenesis

Carcinogenicity of papillomaviruses was known adyeas 1930s when rabbit experimentally
inoculated with papillomavirus developed canceruy®and Kidd, 1938). Research has since
been undertaken to determine the role HPV may havearcinogenesis. Strong association
between HPV infection and various levels of cenviesions was becoming clear arousing
speculations if the association is causal (Tetral.,1978; Zur Hauseast al.,1981). HPV16 was

identified for the first time as new type that pags in malignant lesions while condylomata

acuminate or anogenital warts harbors previousbpwmHPVs type 6 and 11 (Durst al., 1983)

Following the confirmation of its carcinogenicityesearch efforts were shifted towards
determining the mechanisms. Biochemical and irovitiolecular studies revealed that the HPV
proteinsE6 andE7 interact with proteins that control cell cycle gmliferation inactivating or
degrading them (Segt al.,2018). It is important for the virus to immortadithe infected cells as
it is through cellular proliferation that the virusplicates its genome. However, the HE&¥and

E7 oncoproteins cause malignant transformation |&es @s their expression is tightly regulated
(Kajitani et al., 2012). Under normally regulated viral genome iogpion and expression
condition, HPV undergoes productive infection whé¢hne viral genome is maintained and
regulated in its intact circular stable episome dadot cause malignant transformation (Martin,
2007).

Infection with hrHPV is so common that around 80Bsexually active women become infected.
However most (80-90%) infections are cleared by ewdiated immune response, in periods
ranging from months to years, but HPV16 and HPVt8nopersisting longer (Doorbat al.,

2015). The only reason behind this small portionnééction to progress to invasive cancer is
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changes that may occur to expression rates of HENégy Polymorphisms in the LCR, which
does not code for any ORF but regulates transoriptn the other genomic regions, are
implicated in cervical cancer progression (Pienteh@l., 2013) suggesting carcinogenicity is
mainly effected by regulation of HPV early genes.

The major mechanism by which HPV gene expressiaitésed is through integration of HPV
genome in to the cellular genome. HPV genome iategr in the host genome frequently
disrupts theE1 or E2 genes and deregulates expression of the Edt7 oncoproteins causing
their persistent and high level expression whicly imaturn lead to genomic instability and cell
proliferation (Pettet al., 2004; Motoyameet al., 2004). E2 loss of function is implicated in
cellular transformation either by integration asated disruption of th&2 ORF or repression of
E2 function by inhibition of E2 protein association with its binding sites (by hyddtion)
(Doeberitz and Prigge, 2019). In cervical canE&fE2 gene disruption is common event in
HPVs 18 and 45 when compared with HPV16 and isrselg related with the LCR CpG
methylation (Amaro-Filhoet al., 2018). This implies existence of different meclkams of
carcinogenesis associated HPV gene expressionulatieg and the possibility that they are

type dependent.

HPV genome integration into the cellular genomeingortant event in invasive cancer

development and bad prognosis (Des al., 2015). Study on adenocarcinoma which is
predominantly caused by HPV18, found a 100% intemgreof the viral genome. In more than

80% of cervical cancer of all type, HPV genomeosnd integrated in the cellular genome and
this may affect both the viral gene regulation amast genome stability (McBride and

Warburton, 2017).

The hrHPVEG andE7 proteins are viral oncoproteinSé mainly binding the tumor suppressor
protein p53 and leading to its degradation wiklé binds the retinoblastoma (Rb) family of
tumor suppressors and other proteins involvedelhaycle control. hrHP\VE7 also binds and
degrades pl105 and p107 proteins that control gelecentry (Longworth and Laimins, 2004).
HPV16 E6 is also involved in expression of telorseranzyme, which is implicated in cancer
cell immortalization, through interaction with tsamiptional repressor NFX1-91 (Gewat al.,
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2004). Over-expression of these HPV proteins is niggor driving molecular event in the

process of HPV mediated cervical carcinogenesial{@n, 2017).
2.4.5. Regulation and expression of HPV genes

HPV depends on the host cell machinery both foligafon and transcription (McBride, 2017).
HPV genome is tethered to the cellular chromatintiy means oE2 protein’s chromatin
binding ability and this helps the virus to escdmst immune response, to ensure efficient
propagation among daughter cells upon cell divisitm stay transcriptionally active by
association with active host chromatin and indud¢éADdamage repair response to use the
cellular DNA damage repair machinery for the virgplication in differentiated cells (McBride
et al., 2012). This dependence on the host cellular macieim and resources necessitates the

virus to alter the host cellular processes (Mo@dy,7).

Viral protein E2 is the major factor that controls both replicatiand transcription of HPV
genome. At lower leveE2 binds to one of its binding sitd®2BS1 and activates transcription
from the early promoter. This process increasesetved of all early genes includirig, E7 and
E2 itself which when at high level will bind to theher binding sitesE2BS2, E2BS3, E2BS4)
and represses transcription from the early promdtavn regulating the early gene products
(Doeberitz and Prigge, 2019). This way E2 keepgydree expression profile of HPV in check so
that the induced cellular proliferation is not @fittontrol and the productive cycle is maintained
(Graham, 2017).

2.4.6. Epigenetic control of HPV genome

Viral genome is assembled with host histone prsteirto chromatin similar to the host’s (Favre
et al., 1977; McBride, 2017) and hence maintained and la¢e in similar fashion and by
similar cellular factors. HPVs express diversetgrns from a short genome through alternative
splicing and polyadenylation making RNA processangmportant gene regulation (Graham and
Faizo, 2017, Schwartz, 2013). The HPV transcriptiegulator protein E2 is in charge of

regulation of the whole viral life cycle throughgteation of HPV gene expression (Kajitaati
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al., 2012). The functions of E2 protein are manipuldigd/iral genome methylation (Johannsen
and Lambert, 2013) and chromatin (histone) modifica(Bernard, 2013b). The major HPV

transcription factorE2 binding is sensitive to the binding site methyati(Johannsen and

Lambert, 2013).

2.4.7. HPV DNA methylation in cervical cancer

Genome binding ability of the major HPV regulatopyotein E2 is modulated by DNA
methylation in a complex way as the differ&&binding sites E2BSs) serve different functions
with regard to transcription and replication activa (Vinokurova and Doeberitz, 2011).
Methylation of CpGs at thE2BS1 represses the HPV early promoter by hinddfainding to
this site while methylation of CpGs at the otherethE2BSs E2BS2, E2BS3 andE2BS4)
enhance the viral early promoter activation byltimg E2 binding which is repressive if bound
at these sites (Kirat al.,2003). A lot of studies discovered differentialtimgation level of HPV
genome in association with severity of cervicahpaigy (Louvantecet al., 2015; Yang-churet
al., 2017), which in turn is attributed to viral genoneregulation (Middletoet al.,2003).

Different levels of CpG island methylation is ohsa=t in 3'LCR of HPV16, 18 and 45 in
cervical cancer samples. Higher level of methyhai®recorded in HPV16 (Amaro-Filket al.,
2018). Whether de novo HPV DNA methylation is laglthe viral immune escaping mechanism
(Vinokurova and Doeberitz, 2011) or as the cellidlmmune response to suppress expression of
intruding viral genome (Kalantart al., 2004), remains to be elucidated. Vinokurova and
Doeberitz, (2011) showed CpG islands in the LCRoreghow complex methylation pattern in a
viral life cycle and pathologic grade dependent neanAll the CpGs in the LCR region are
hypermethylated in cervical cells adjacent to HRS/ttansformed cells with no morphological
change and sign of HPV infection, suggesting that \tiral particles in these cells are latent.
However, in basal and parabasal cells of lesion&<Cim cellular transcription factors binding
sites are methylated whereas &PBSs are unmethylated, but in the fully differerdcht
suprabasal cells CpG islands in the promoter regrercompletely methylated (Vinokurova and
Doeberitz, 2011).
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Generally de novo methylation of viral genome iases with increased cervical malignancy
with the highest level of methylation observed pGCsites in the virdll ORF (Kalantarket al.,
2004) and those iE2BS1 (Vinokurova and Doeberitz, 2011). Increasedhylation of CpG
sites in theL1 andL2 genes of HPV genome is associated with increaseel bf neoplastic
lesion of the cervix (Clarkeet al., 2018). DNA methylation in the HPV1&1/L2 region
(nucleotide positions 5600 and 5609) strongly asses with cervical cancer progression
(Bryant et al., 2014). Hypermethylation of CpGs &2BS1 is consistent with its role of
activating the early promoter and hence increasetstription of the viral oncogenes.

2.5. EPB41L3

Erythrocyte membrane protein band 4.1 like BPB41L3, also known as differentially
expressed in adenocarcinoma of the lung (DAL-1jumor suppressor membrane protein. The
protein DAL-1 also known as protein 4.18localized at cytoplasmic side of cell-cell juoct
(Tranet al.,1999).EPB41L3was first characterized as its expression wasitostore than 60%
of non small cell lung cancer in 1999 by Tetral. EPB41L3is mapped to chromosome 18p11.3
using fluorescent in-situ hybridization (FISH) tedue. Role oEPB41L3as growth regulator
in pathogenesis of meningiomas was soon reporte&®@® by Gutmanrt al., (2000) adding
experimental evidence to its tumor suppressor iagtiv

Lines of evidence are there for tumor suppressoction of EPB41L3or DAL-1. Its tumor
suppressor activity is evident through its diffdi@n expression and frequent loss of
heterozygosity of its chromosomal locus in non-$ncall lung cancer (Traret al., 1999).
Production of miR-223 which targeEPB41L3is higher in certain type of lung cancers and this
is proved to promote tumor cell invasion (Liaeigal., 2015).EPB41L3is expressed in normal
epithelial cells but absent or minimal in cancdtscef ovarian (Dafowet al.,2010) and breast
(Takahashiet al, 2012) epithelial cells, suggesting its tumor gseppor functionEPB41L3
expression was also found to be reduced in esophageamous cell carcinoma cell lines as
well as specimens from patients (Zegtgal., 2018). Data from its loss in different cancer type

of the nervous system (meningiomas and schwannoamak its over-expression in cell lines
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from these same cancer types (Gutmatnal., 2001) showed thaEPB41L3 has a tumor

suppressor activity in specific cell types but mo¢very cell type.

From in vitro and cell line experimentsPB41L3is reported to interact with protein arginine N-
methyltransferase 3 (PRMT3) (Singh al., 2004) and PRMT5 (Jiangt al., 2005), an enzyme
that methylates arginine in mammalian cells. Theraction ofEPB41L3with PRMT enzymes
modulates their activity in a substrate specificnmex in such a way that cell growth is
suppressed (Jiarg al., 2005). Interacting with a membrane glycoproteirLT$, EPB41L3is
also involved in actin filament cytoskeleton regigia and determines cell adhesion and motility
in epithelial cells (Yagetat al.,2002). Both cell motility and adhesion are impnttaspects of
cellular transformation. It's up regulation in mauy epithelial cells during pregnancy (time of
mammary cells proliferation) and the increase ofrmmeary epithelial cell proliferation up on its

loss, show&PB41L3s role in regulating epithelial cell proliferatigiunset al.,2005).

A general mechanism by whidBPB41L3suppresses tumor formation and growth is evident
from an experiment that induced expressiorfEBPB41L3in breast cancer cell lines (Jiang and
Newsham, 2006). It was found to activate apoptptthway through its protein methylation
modulation described in (Jiargt al., 2005). Over-expressingPB41L3 gene in esophageal
squamous cell carcinoma cell lines inhibited cedlliperation and induced apoptosis and G2/M

cell cycle arrest (Zengt al.,2018).

Epithelial to mesenchymal transition (EMT) is amlyaellular process that promotes metastasis,
through loss of the epithelial properties sucheakaell adhesion and polarity and acquisition of
mesenchymal properties. Inhibition &PB41L34.1B expression promotes EMT and hence
migration and invasion ability of cancer cells vehits re-expression made the dedifferentiated
cancer cells to regain epithelial properties (Clenal., 2015). EPB41L3 hinders EMT by
suppressing expression of heat shock protein 5 gA3pkhat promotes the transition through
array of signaling pathways (Qet al, 2017) and regulating expression of other EMT raark
products such as cadherins, beta catenin and vimse(@henet al., 2015). Another possible

mechanism folEPB41L3s tumor suppressor activity is through stabiliziogll adhesion and
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regulating motility suppressing metastatic invasioin cancer cells(Yagetat al., 2002) or

through signaling cell contact growth inhibitiony@annet al.,2000).
2.5.1. EPBA41L3 promoter methylation

EPB41L3has a GC content of 62% upstream of the transonigtart site which indicates that its
expression is controlled through methylation of Gplands in the promoter region (Trahal.,
1999).EPB41L3is hypermethylated in brain tumors of astrocytc aligodendroglial lineage
(Perez-Janicest al., 2015) and epithelial ovarian cancers (Daétwal., 2010).EPB41L34.1B
expression is suppressed by promoter hypermetboglati invasive breast cancers (Takahahi
al., 2012) and non small cell (NSCLC) and small celCKE) lung cancers (Kikuchet al.,
2005).

Methylation analysis of the promoter region BPB41L3gene in esophageal squamous cell
carcinoma revealed its potential as therapeutgetaand prognostic indicator (Zengal.,2018).
Treatment with an epidrug, methyl transferase imtib5-aza-2’-deoxycytidine restored
EPB41L34.1B expression in cell lines initially lackingetiePB41L3gene expression (Kikuchi
et al., 2005). Expression of methylation silendeBB41L3gene could be enhanced to many
folds by artificial transcription factors that chimd to the methylated promoter region, though it
is transient. Epidrugs augmented with reactivattdrEPB41L3 expression could reduce cell

proliferation in vitro (Huismart al.,2015).
2.5.2. EPBA41L3in cervical cancer

EPB41L3promoter region is among frequently hypermethgddieaman genes by HPK6 and

E7 induction and it is suggested to have diagnositemtial to serve as non invasive molecular
marker for early detection of cervical cancer (®tral., 2018). Kellyet al., (2018) showed
increase in DNA methylation at the promoter regadrEPB41L3gene with increasing grade of
cervical intraepithelial neoplasia. A lot of stuslishowed CpG methylation in the promoter
region ofEPB41L3has potential to differentiate different stages@ivical pathologies (Blanco-

Luquin et al., 2015; Louvantoet al., 2015). DNA methylation based cervical cancer ®&iag
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classifiers that include&PB41L3promoter region and four HPV DNA sites methylatmyuld
predict from precancerous lesion to cervical cavaéin better specificity and sensitivity than
both cytology and hrHPV tests (Lorinezal, 2016; van Leeuweet al, 2019).
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Chapter 3

3. Materials and Methods
3.1. Study population

This study was conducted with Ethiopian women dlitegn Tikur Anbesa general specialized
hospital and family guidance association of Etrao@GAE) clinic. Tikur Anbesa general
specialized hospital is a tertiary level teachinggital where patients are referred from all over
Ethiopia for chronic and critical cases. FGAE dins a clinic run by the nonprofit making
association and mainly focused on family plannind eeproductive health services. Participants
in this study include women with various degreesaical pathology (ranging CIN1 to stage-
IVB invasive cancer) (cases) and healthy women wibthmal uterine cervix (controls). The
women included in this study were in the age rang® 20 to 75 years. Women with any other
cervical or gynecological problems and those witheafined status of their cervical lesions were
excluded from the study.

3.2. Study design

This study was an observational case control stGdges were defined as women with invasive
cervical cancer and precursor lesions (cervicahapithelial neoplasias CIN1, CIN2 or CIN3)
where CIN2, CIN3 and invasive cervical cancer weaistopathologicaly confirmed but CIN1s
were cytology positive. Controls were women withrmal cervix who had negative Pap test
results. The data was also analyzed based ondbe sf cervical cancer including the healthy
(controls), CIN1, CIN2, CIN3 and clinical stages, 1B, llIA, 1B, IlIA, 1IIB, IVA and IVB
cancer. There were no CIN2 and cancer stage |Aer® twere no eligible women with these
conditions in the participants. Alternative categations used were ‘level’ and ‘risk’ where
level referred to pathologic severity at three Is\as normal, CIN1 and CIN3 or worse (CIN3+)
and risk was meant by level of cervical cancer viglere healthy and CIN1 were classified as

low risk and CIN3 and worse as high risk.
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3.3. Sample and data acquisition

Samples were collected from a total of 135 womeh ¢@ses and 39 controls). The sampling
technique followed was convenience sampling whdrelgible women who had visited the
study sites during the study perion and had coesetat participate in the study were included.
Determinants in the sampling of this study werewisé of the patients during specific time and
willingness to participate. Both of these factoes Imo direct impact on all the variables studies
and hence cannot cause systematic sampling biasewo, the fact that both cancer referral
facility and cervical cancer screening servicesaaalable in the city may bais the distribution

of samples with regard to residence.

Samples were collected during period from August®t December 2018. All samples from
invasive cervical cancer cases and cervical initlaelal neoplasia grade 3 (CIN3) were
obtained from Tikur Anbesa general specialized hakpvhile all the healthy controls and
cervical intraepithelial neoplasia grade 1 (CINBrevobtained from FGAE clinic. All the study
participants were informed about the study prot@ea had given written consent to participate
in the study by providing their demographic datd allowing the use of samples collected for
diagnosis and screening tests to this study. Seemegraphic variables were collected by a
guestionnaire (Annex 1-A) filled in by trained nessand the researcher asking the participants
in Amharic, Afan Oromo and by translation of oth@nguages. All the samples were coded to
protect the privacy of the study participants. Dgmaphic and clinical data obtained by the
guestionnaire was also coded accordingly so thatiading that arises from the research cannot
be traced back to the individual participants.

Most of the demographic data were self reported soche were not reliable and some
inconsistently reported by different participar@nly data that were consistently reported across
all the participants and were more reliable werdudied in the analysis. History of any chronic
illness and associated treatments and family hisdbrcancer were not consistent and reliable
because it was based on personal memory becaudaekobf organized registration system in
place. Number of life time sexual partners and syp® to cigarette smoke were also reported
inconsistently as some of the participants weremliing to disclose such personal information.
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Occupation, domestic fuel smoke exposure and staptkwere excluded as they were difficult

to enumerate.

The demographic data included in this study wemeeot age, residence (as urban and rural),
parity (as number of full term pregnancies or d&iies), age at first sexual intercourse (AAFSI)
and hormonal contraceptive use (for those who 6igedt least a year). Clinical staging of the

precancerous lesions and cervical cancer casesoobeeted from the clinical records (patient

record cards). Infection status of hrHPV (as pwesitand negative), hrHPV genotypes and
methylation profile of the human (hosEPB41L3 gene and HPV L1 and L2 genes were
generated from laboratory analysis.

3.3.1. Cervical punch biopsy samples

Samples from invasive cervical cancer and CIN3 waobkected by cervical punch biopsy
performed for histopathological diagnosis of pasewho were referred to confirm the cancer
status. Portion of cervical punch biopsy was tdkerhis study while the other portion was sent

for histopathology examination.

Tissue punch biopsy samples were put in cryowaald kept in liquid nitrogen (flash frozen)
within maximum of 5 minutes after biopsy was takewl transferred to and kept in “80freezer
until DNA was extracted. DNA was extracted aftex thstopathology result of each sample was
obtained from the pathology laboratory. All pundbgsy samples collected were kept until later
screened by histopathology reports and clinicalgmiisis. Samples with missing clinical
information, ambiguous or negative histopathologguits or insufficient material were excluded
from this study. Only samples from clinically drexged and biopsy (histopathology) proven

cases were included (Fig. 3-1).
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Cervical punch biopsies

Pathological status
proven by
histopathology exam

Missing information,
malignancy status not
known or non malignant

: tissue
|
Invasiv rvical
asive cervica CIN3 b
cancer of various Excluded from
stages analysis

Figure 3-1: Flow chart of cervical punch biopsy sarmples classification
3.3.2. Cervical swab samples

Cervical swabs were collected at FGAE clinic frohmically healthy women. Cervical swabs
were collected from women visiting the clinic fautine cervical cancer screening. The swabs
were taken in duplicates from ectocervix and endacal regions for Pap smear. Cervical swabs
leftover from smear slide preparation (Pap testlevgaved for this research. Swabs from both
Pap negative (normal cytology) and from women WtN1were used in this study (Fig. 3-2).

Cervical swab samples

From Pap (cytology)
screened healthy
participants

From Pap tested CIN1
patients

Figure 3-2: Flow chart of cervical swab samples csification
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3.4. DNA extraction

DNA was extracted manually following an in-housdimized DNA extraction protocol (annex
3) modified from Aidar and Line (2007) and Kichler al (2011). The cotton swabs were
immersed in 1.5 mL lysis buffer containing 10 mNs44CL, 5 mM ethylene diamine tetra
acetate (EDTA), 0.5% sodium dodecyl sulphate (SR$H 8 and proteinase K (10§mL) and
incubated at 5% for six hours. The swabs were removed and ceéte/was then treated with
750 L cold 8 M ammonium acetate solution to precipitegdt debris and denatured undigested
proteins. The precipitate was settled by centriiggat 6000 RPM for 20 minutes. DNA was
precipitated by transferring 75@QL aliquot of the supernatant to microcentrifuge esib
containing equal amount (7%0Q.) of cold isopropanol and centrifugation at 130®BM for 10
minutes. DNA pellet was air dried and washed witiml1 70% ethanol and re-suspended in 100
pL 1XTE buffer (10 mM Tris and 1 mM EDTA, pH 8) édstored at -2 until analyzed.

DNA from the punch biopsy samples are extracteaninycing the tissue with clean scalpel as
finely as possible on clean (new) plates. Thentidsie is treated with lysis buffer containing

100ug/mL proteinase K in similar way as cotton swabsrftroned above).

Quality and quantity of the DNA was evaluated byarage gel electrophoresis and UV
spectrophotometry (NanoDrop, Thermo scientific 20@8spectively. Intense bands of high
molecular weight were considered intact genomic DINi&gative controls were used at every
step from DNA extraction to the electrophoresisellaguality checking and spectrophotometric

guantification.

DNA quantity was checked using absorbance of UWtligy NanoDrop spectrophotometer
(NanoDrop Thermo scientific 2000) which calculaB¥$A concentration and absorbance ratios
at 260 nm to 280 nm and 230 nm to 280nm to indicateamination.
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To check for existence of any PCR inhibitors in bNA, test PCR was run with various
consensus and human specific primers. None of dhgples failed to amplify by PCR. The

extracted DNA was then stored at *2Quntil used.

3.5. Primer selection and design

Sequences for degenerate primers MY09 (5° CGT CCRRAGGA WAC TGA TC 3’) and
MY11l (5 GCM CAG GGW CAT AAY AAT GG 3’) that targed 450bp consensus sequence in
the L1 ORF region of all HPVs were taken from htierre (Venceslaet al.,2014). Primers for
the human beta globin gene which was used as amailtcontrol for DNA quality and PCR
protocols were designed using Primer 3 softwarddtdilasseet al, 2007) and human genome
reference  sequence  (accession number NC_000011)m fraNCBI  database

(https://www.ncbi.nlm.nih.goy/ Primers for DNA methylation analysis were desigrusing

Pyromark Assay Design software (Qiagen, Germang)raman and HPV reference sequences.

3.6. HPV detection and genotyping
3.6.1. Non specific test for HPV DNA

DNA extracted from all samples were tested for ihesence of HPV DNA using a degenerate
primers MY09 (5° CGT CCM ARR GGA WAC TGA TC 3’) andlY1l (5 GCM CAG GGW
CAT AAY AAT GG 3’) as forward and reverse primedsmplification of segment of human
beta globin gene with primers Hbtgll (5" ACACAACTGTTCACTAGC 3') and Hbtgl2 (5’
CAACTTCATCCACGTTCACC 3') as forward and reverse walso multiplexed to serve as
internal control of the DNA quality and PCR succe®CR components and composition was 5
MM of each primer, 20QuM of each dNTPs, 2 mM Mgglsolution, 3uL BD PCR buffer
(HiMedia laboratories Pvt. Ltd., Mumbai India) 1l&d polymerase, and 18.& nuclease free
water in 25uL reaction mix. The PCR profile was initial denattion at 98C for five minutes
followed by 35 cycles of denaturation at’@5for 30 seconds, annealing at60for 45 seconds
and extension (polymerization) at°2for 45 seconds and final extension atG2r 7 minutes.
The PCR amplicon was then electrophoresed on 1@étose gel with 100 bp DNA ladder
(Bioneer Inc., Korea) with Ethidium Bromide staigiand gel photo taken with Biorad gel doc
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system. Upon gel-electrophoresis presence of ~438abd was interpreted as HPV positive and
~110 bp band as PCR success and presence of huntemndl PCR control). All DNA samples
were expected to have the ~110 bp band unless tRepRiCess failed, but only samples positive
for HPV DNA have the ~450 bp band.

3.6.2. HPV genotyping

The Papilloplex High Risk HPV test (GeneFirst, Ulg) multiplex probe amplification based
system that simultaneously genotypes the 12 hrHp¥st (HPVs 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58and 59) and the possibly carcinogenic &8&d probably carcinogenic HPV68 was
used to identify HPV infection and genotype acaagdio manufacturers instruction. The assay
was based on multi-probe amplification technolodyiol allowed differentiation of up to six
targets per each of the following florescence ck&inFAM, JOE/HEX, ROX and Cy5.
Genotyping was run on QuantStudio 5 Real-Time P@&e® (Thermoficher Scientific, UK)
and targeted the L1 region of all the genotyperissd. Papilloplex High Risk HPV internal
negative and positive controls were used as ba&seli@ycle threshold (ct) value sf36 for
positive result is predetermined by the manufacsur8amples with ct value of greater than 36
were considered negative. Each sample was run plicdtes and the papilloplex system

software automatically interpretes the curves ipdsitive and negative results.

3.7. DNA methylation analysis

100 ng of DNA was used in the bisulfite conversreaction where un-methylated cytosines
were converted to uracils with the EZ DNA methyatkit (Zymo Research, Irvine, USA). This
step prepared the genomic DNA for gene-specific DidAthylation analysis. gPCR analysis
was performed on Quantstudio 5 (ThermoFisher, UK. region of thep-Actin gene that
contains no CpG sites (hence no methylated cytpsias tested with gPCR to check bisulphite
conversion efficiency (Malentacclei al, 2009). The qPCR was performed in duplicates with
primer sets (Table 3-1) targeting bisulphite coteeéland unconverted targets. The threshold for

conversion efficiency was set at 95%.
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Table 3-1. Sequences of primers used to measureuijzhite conversion efficiency

Primer Primer Primer sequence 5’ to 3’
name
Converted p-Actin ACT (+) F TGGTGATGGAGGAGGTTTAGTAAGT
Control ACT (+) R  AACCAATAAAACCTACTCCTCCCTTAA
Unconvertedp-Actin ~ ACT (-() F  TGGTGATGGAGGAGGCTCAGCAAGT
Control ACT () R AGCCAATGGGACCTGCTCCTCCCTTGA

The bisulfite converted template DNA was dilutedhnmuclease free water in 1:5 ratio. The 12.5
ML reaction mix consisted of 6.25 pL Kapa SYBR Rdaster mix (Sigma-Aldrich, Germany),
0.625uL (12.5 uM) of forward and reverse primer mixe87 L RNAse Free Water (Qiagen,
Germany) and 1.2RL (~25 ng) bisulfite converted DNA. The gPCR amphifiion conditions
were, initial denaturation at 96 for 20 minutes followed by 40 cycles of, denatioraat 95C

for 1s and annealing/extension at&dor 20s.

Further, the converted DNA was amplified by methglaindependent PCR primers to fish out
the genomic regions containing CpG sites of intef@8R primer sequences with their annealing
temperature, number of cycles and primer conceotsare given in Table 3-2. 20 ng converted
DNA was used per PCR reaction. For each 25 pL R&@Rtion master-mix, the following were
added: 2.75 pL CoralLoad 10x (Qiagen, Germany), 45 RNAse Free Water (Qiagen,
Germany), 13.75 pL Pyromark PCR mix (Qiagen, Gegpah5 uM MgC} (Qiagen, Germany)
and 0.2-0.3 uM primer mix (Sigma-Aldrich, Germany).
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Table 3-2. Primer sequences and PCR conditions uséal amplify segments of the genome with CpG siteg o

interest

Primer name  Primer sequence 5'to 3 Annealing T No Primer
Gene (°C) Cycles conc.
(mM)
EPB41L3 EPB41L3F GGGGGATTTGTGTAA 54 45 0.2
ATTGG
EPB41L3R (B) (btn)
ACCTAAAAACCTCCC
TAAAATC
HPV16L1 HPV16 L1.3 [btn]- 51 40 0.3
short F (B) AGTGAAGTTTTATTG
GATATTTGTAT
HPV16 L1.3 CAACAACACCAACCC
short R TATTAAAT
HPV16L2 HPV16 L2 F GTATGTTTTATAAAG 51 50 0.3
TTGGGTAG
HPV16 L2 R (B) [btn]-
TTAATAAACTATTAT
CACTTAACAATAC
HPV18L2 HPV18L2 6CpG GTATAGGTTGTTTTA 54 50 0.2
F TATAGTGTATTGT
HPV18L2 6CpG [btn]-
R TCCACCTTAAAAACA
ACATCAAATAA
HPV31L1 HPV31L16284 [btn]- 49 45 0.2
F (B) ATTTGTGTATTTGAA
GTAATTATGGAG
HPV31 L1 6284 TCCAAATTATCTTAA
R AATAATTACTAAACC
HPV33L2 HPV33L2F AGGTAGGTATATTGT 53 45 0.2
GGTTTTATTAGGT
HPV33 L2 R (B) [btn]-
CACATCTAACCCATT
TATTCCTATTTC

Known controls to each HPV type and human genonik, 026, 50% and 100% methylation

were included. Temperature profile of the thermaller used was; initial denaturation at’@5
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for 15 minutes followed by; number of cycles men&d in Table 3-2 at 9€ for 30s, at

annealing temperature (Table 3-2) for 30s and &€ 7@r 30s.

The amplicons were pyrosequenced on a PyroMark @9&iagen, Germany) for DNA
methylation analysis on CpG islandsE®PB41L3promoter (CpG 438, 427, 425) and viral late
genes (L1 and L2) coding for proteins involved inal capsule formation: HPV16L1 (CpG
6367, 6389), HPV16L2 (CpG 4275, 4268, 4259, 42471384, HPV18L2 (CpG 4256, 4261,
4265, 4269, 4275, 4282), HPV31L1 (CpG 6352, 636id) HPV33L2 (CpG 5557, 5560, 5566,
5572) as detailed by Lorine# al (2016). Percentage methylation scores were tak¢heamean
of methylation percentage of each CpG sites in ecifipd region involved in each case.

Sequencing primers are described in Table 3-3.

Table 3-3. Sequences of sequencing primers and Cp@sitions targeted

Gene Primer name Primer sequence 5’ to 3’ Target CpG
positions
EPB41L3 EPB41L3s GGGATTTGTGTAAATTGG 438, 427, 425
HPV16L1 HPV16L1.3 6367 CTAACAAACATTTATTCCCTTC 6389, nonCpG,
S 6367
HPV16L2 HPV16L2.5CpG TTTTATAAAGTTGGGTAGT 427¢%, 4268,425¢,
5s 4247,4238
HPV18L2 HPV18 L2s TGTATTTTTGTAATAAAAGTATGGTA 4256, 4261, 4265,
4269, 4275, 4281
HPV31L1 HPV31 6284 sB CATTTTTTTAATAAATCAAACAC 6352, 6364
HPV33L2 HPV3333 L2 GGATATTTGTAAAAAAATATGG 5557, 5560, 55¢,
5572s 5572

3.8. S5 methylation assay

S5 cervical cancer risk classifier was calculatasiedl on DNA methylation panel of CpG sites in
the humarEPB41L3gene promoter region, HPV16 L1 and L2 regions, B®V2, HPV31 L1
and HPV33 L2 regions (Brentnadlt al, 2015). S5 scores were calculated by the formula;
S5 =30.9 X EPB41L3 + 13.7 X HPV16L1 + 4.3 X HPV16L2 + 8.4 X HPV18L2 + 22.4
X HPV31L1 + 20.3 X HPV33L2
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where,EPB41L3is mean of methyaltions at nucleotide position8,427 and 425; HPV16-L1 is
mean methylation at nucleotide positions 6367, 6382V16-L2 is proportion of CpGs
methylated at nucleotide positions 4238, 4259, 42HBV18-L2 is mean methylation at
nucleotide positions 4256, 4261, 4265, 4269, 4228]; HPV31-L1 is methylation at positions
6352 and 6364 and HPV33L2 is mean methylation d& Gppes 5557, 5560 and 5566 (Brentnall
et al, 2015).

3.9. Diagnostic performance evaluation

Formerly developed DNA methylation based cerviealaer risk classifier score S5 (Brentrel|
al., 2015) andEPB41L3promoter methylation were evaluated for their ¢algg to differentiate
healthy cervix from various degrees of cervicaides. Diagnostic performance of the two types
of methylation assays were also compared usingmeteas of diagnostic tests. Sensitivity and
specificity of the assays (S5 aB®B41L3methylation) were calculated for each value asta c
point and were plotted against the cut points towumally select the best cutoff points. Cutoff
points and corresponding positive and negative igtigd values were also calculated. Area
under the curve (AUC) of receiver operating chamastic (ROC) curve which is indicator of the

overall performance of a diagnostic test was aédoutated (Mandrekar, 2010).

3.10. Determining methylation cutoff values

Optimal cutoff values were determined as it is afeimportant aspects in diagnostic test
development as it helps in minimizing misclasstiimas. Different approaches were used in
deciding the optimal cutoff values, all aimed atxinazing sensitivity and specificity of the test.
The point where both specificity and sensitivitg at their maximum was obtained from the plot
of these indices against cutoff values by locathmgintersection of the two graphs. Other ways
of getting optimal cutoff values used were by maxing sensitivity and specificity maintaining
the differences between the two lower. Their penfamce was evaluated by receiver operating
characteristic (ROC) curve analysis. Maximizing $hen or product of sensitivity and specificity

and maximizing Youden’'s index were used in addiiorminimizing the difference between
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sensitivity and specificity. Cutoff values obtainadsuch a way were evaluated and compared by

their corresponding sensitivity, specificity and 8U

3.11. Statistical analysis

Different demographic, clinical and laboratory datare compared among cases and controls
and among various stages of cervical pathology. ndeaf the quantitative variables were
compared using Mann Whitney test and Kruskal Wadlg to test for statistical significance of
variation of the variables among different groupsrrelation of the variables among themselves
and with sevierity of the cancer was also calcdlaising Spearman correlation coefficient.
Proportions of the categorical variables (HCU, desce and hrHPV infection status) were
compared between cases and controls usin chi sdaate Distributions of the categorical
variables among the groups (cases and controlsrurec stages) were used to calculate odds

ratios.

Differences between groups were compared using M#fntney and Dunn’s multiple

comparison tests and the Cuzick test for trendssess any methylation trend with disease
progression. Further differences of the methylaterels of invasive cervical cancer samples
were assessed via pair-wise Wilcoxon test. Oddssrédr the risk factors were also calculated

using binary logistic regression analysis.

The receiver operating characteristic (ROC) cunwese constructed to assess the diagnostic
potential (Mandrekar, 2010) of methylation scoresdiscriminating invasive cervical cancer
from normal specimens in the exfoliated sample® atea under the curve (AUC) was used to
evaluate the extent of prediction of methylationtleé different conditions. Specificity and
sensitivity were also calculated based on the RG@ec Unconditional logistic regression was
also used to measure the strength of the assowdietween methylation in the invasive cervical
cancer group, stage of cancer, type of cancer, dgaographics and HPV status. For the
purpose of quantitative statistical analysis seéyexf cancer or cancer stages were transformed

into numerical values as described in Annex 4. ¥sialwas performed with statistical packages
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within R v 3.5.3 (R Core Team, 2019). P-values ldws 0.05 were considered statistically
significant.

3.12.Ethical considerations

This study protocol was approved by the researbltetcommittee of college of natural and
computational sciences Addis Ababa University,itagbnal review board of college of health

sciences Addis Ababa University (protocol numbe6/04/Bioch) and the national research
ethics review committee (Annex 2). All the studyrtpdpants had signed a written consent
(Annex 1B). The study participants were assuredl ttingir participation in the study will in no

way affect the services they require and the stuayocol is in agreement with the standard
diagnosis and treatment available at the facilitieise protocol also ensured the safety and

privacy of the participants.
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Chapter 4

4. Results

4.1. Cervical cancer risk factors

A total of 135 Ethiopian women aged 20 to 75 yeaese enrolled in this study, of which 96
were cases with abnormal cervical cytology confolni®y histology and 39 were controls,
women who had normal uterine cervix upon cytologsesning. Alternatively categorized by
stage of lesions, 39 were normal, 16 CIN1 and 8Gw@dN3 or worse. The CIN1 and normal
grouped together under category low risk were 58enthe CIN3 or worse categorized as high
risk were 81(Table 4-1).

Table 4-1. Summary of cervical pathology

Stage Number Level Risk type
Healthy 39 normal (39) Controls (39)
low (55)
CIN1 16 CIN1 (16)
CIN3 2
IB 2
A 7
1B 1 _
A . CIN3+ (80) High (80)
B 21
IVA 19
VB 3

Rural and urban residents were nearly of equal@tmm among the cases but number of urban
residents was disproportionately higher in the m@drgroup. Greater percentage of women in the
control group used hormonal contraceptives than &onm the cases group. Prevalence of

hrHPV is also higher in the cases than in the odsgroup (Table 4-2 and Fig. 4-2).
62



Mean and median age and parity of the cases wasegrian that of the controls while age at
first sexual intercourse was lower in the cases tihacontrols (Table 4-2). Mean number of
children born to women in the cases group is 539# (95% CI = 4.84 - 6.04), while
2.03(x2.04) (95% CIl = 1.38 - 2.67) children bornstomen in control group (Table 4-2).

Women in the cases group have had first sexualrexpe at an average age of 16.58(+4.04)
(95% CI = 15.76 - 17.37) and those in the controug had had at mean age of 20.18(+4.24)
(95% Cl = 18.85 - 21.51).

Most women in the control group had less than Glkédren and only few had more than five
while the proportion of women who had more thare fohildren was higher in the cases group
(Fig. 4-1A). More women in the cases group hadetiessexual intercourse at age of 15 years and
younger compared with those in the control groug.(#1B).

104
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I l I . control \I . control
| llll | | Illt illlllllll "
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Parity AAFSI

count
count

o
o

Figure 4-1: Barrgraph of (A) parity and (B) age atfirst sexual intercourse by pathological group (cass and
controls)

63



Table 4-2. Summary of demographic variables

cases (n=96) controls (n=39) p value

Residence

Rural 49(51%) 6(15.4%)

Urban 47(49%) 33(84.6%) <0.001
Hormonal contraceptive
use(HCU)

No 59(61.5%) 21(53.8%)

Yes 37(38.5%) 18(46.2%) 0.4146
hrHPV infection status

Negative 19(19.8%) 33(84.6%)

Positive 77(80.2%) 6(15.4%) <0.001
Age

Median (IQR)  50(13) 38(17)

Mean (95% CI) 48.5(46.6-50.4) 38.41(35.0 - 41.80.001
Parity

Median (IQR) 6 (4) 1(2)

Mean (95% CI)  5.49(4.89 - 6.09) 2.03(1.38 - 2.67) 0.001

Age at first sexual
intercourse (AAFSI)

Median (IQR)  16(4) 20(6)
Mean (95% CI) 16.58(15.77 -17.39) 20.18(18.8 - P1.50.001
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The cases group was composed of 16(16.7%)CIN1IIZZIN3 and 78(81.2%) invasive
cervacal cancer of stages IB, lIA, 1IB, llIA, 1IB/A and IVB (Fig. 4-2A). Only few of women

with normal cervix and lower grade lesion weredests of rural area while majority of women
with advanced cancer were from rural (Fig. 4-2B)
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Figure 4-2: Distribution of the study participants by; (A) cervical pathology status and cancer staggB)
residence, (C) hormonal contraceptive use and (DYHPV infection status
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4.1.1. Association of socio-demographic risk factors with

cervical cancer

Comparing means of the quantitative factors byd#iegorical factors and between cases and
controls, different patterns of variations were efgsd using Wilcoxon test. Parity and AAFSI
differed with respect to hormonal contraceptive,usdHPV infection status, residence and
cervical pathology status (Fig. 4-3). The diffeves in age by hrHPV infection status and
residence were statistically not significant (p.60and 0.24 respectively), but it is significagt b
cervical pathology (p<0.0001) and hormonal confpfige use (p= 0.0001). Mean age of the
cases group was higher than the controls groupvamten who had reported no use of hormonal
contraceptive were older than those who used.yPsighificantly differed by cervical pathology,
hrHPV infection status and residence but not sigaitly differed by HCU. Women who were
in the cases group, hrHPV positive and rural reggléend to have more children than those in
the control group, hrHPV negative and urban redgleAge at first sexual intercourse also
differed significantly by cervical pathology, hrHRNection and residence but not significant by
HCU. Women in the cases group, who were hrHPV pesdnd rural residents had had sexual
intercourse at younger age than those in controlgr were hrHPV negative and urban
residents.
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Figure 4-3: Box plot of (A-D) age, (E-H) parity and(I-L) age at first sexual intercourse (AAFSI) by
pathology status(as cases and controls), hormonabmtraceptive use, hrHPV infection status and
residence. mean age of women in the cases groupHRV positive, rural residents and who did not
use hormonal contraceptives was higher than the ctmols, hrHPV negatives, urban residents and
who used oral contraceptives. Mean parity tends tbe higher among women who were in the cases
group, hrHPV positive, rural residents and who hadnot used hormonal contraceptives than those
in control group, hrHPV negative, urban residents vho used hormonal. Age at first sexual
intercourse was lower among women in the cases gm@uhrHPV positive and rural residents than

women who were in the control group, hrHPV negativeand urban residents.

Mean ages of women in the cases group and womendwhoot use hormonal contraceptives
were higher than those in control group and who tsetl hormonal contraceptive (Fig. 4-3A
and D). Variation of age by hrHPV infection statusl residence were not significant, p = 0.066
and 0.24 respectively (Fig. 4-3B and C).
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Two samples Mann-Whitney test showed parity of wormethe cases group significantly higher
(p <0.0001) than those in the control group. Sirylgarity is high among high risk women
compared to low risk group. Mean number of childoemn to women in the case group was
greater than (p<0.001) those in the control grdeg.(4-3E). Difference in parity by hrHPV
infection status and residence was significant (@8D), while use of hormonal contraceptives

didn’t confer significant difference (p = 0.053)parity (Fig. 4-3F-H).

Age at first sexual intercourse (AAFSI) was sigrafitly lower in cases and low risk group than
in controls and high risk group by two samples Ma&vhitney test (p = 0.000). AAFSI also
differed with hrHPV infection status and residendéomen who are hrHPV positive and rural
residents had started sexual intercourse at yowggecompared with hrHPV negative and urban
residents. AAFSI didn't differ significantly (p =11) by use of hormonal contraceptives (Fig. 4-
3L).

Chi squared test performed to assess associatitwe afemographic factors with cervical cancers
in the sample population showed no significantataon in hormonal contraceptive use between
cases and controlx{ = 0.39, p = 0.50) but residence and hrHPV infecsanificantly vary

among cases and controls wii values of 13.17 (p = 0.0003) and 46.51 (p < 0.)001

respectively.
4.1.2. Correlation of the socio-demographic factors

In addition to variation by the two classes (caaed controls), parity and age at first sexual
intercourse (AAFSI) had showed correlation withaarstages and with cancer score (an ordinal
scale of the cancer clinical stages). Spearmak carrelation of the risk factors showed all the
guantitative parameters; parity, age at first icwerse, age and cancer score, had significant
correlation with each other (Fig. 4-4 and Table)4Barity had a positive correlation of 0.6
(p<0.001) and 0.5 (p = 0.001) with cancer stage age respectively while AAFSI had a
negative correlation of -0.5 (p = 0.001) with boincer stage and parity.

68



Age 0.3 | Ry
(-0.67,033]
-0.33,01
(0,033]
AAFS 02 w5 (0.33,0.67]

o

Parity 05 05 0.6

Figure 4-4: Correlation heat map of parity, age at first sexual intercourseage and cancer score

Table 4-3. Spearman correlation coefficients with&spective p values

Parity AAFSI Age
AAFSI* -0.53 (p<0.001)
Age 0.49 (p<0.001) -0.23 (p = 0.007)
ca.score. 0.56 (p<0.001) -0.51 (p<0.001) 0.27 (0p092)

* AAFSI = age at first sexual intercourse

Among the quantitative variables, parity and AABBbwed stronger correlation (r = 0.6 and r =
0.5 respectively) with cancer score in additiorcoorelation with each other and age (r = 0.5,
p<0.001). Age had weaker correlation with canceres¢r = 0.3, p = 0.002) and AAFSI (r = 0.2,

p = 0.007) while it had stronger correlation (r 5,30<0.001) with parity (Fig. 4-4 and Table 4-

3).

4.1.3. Variability of parity and AAFSI among different

stages of cervical cancer

Kruskal-Wallis test for comparison of parity andeagt first intercourse (AAFSI) among the

levels of cancer stage showed significant variafwvalue <0.0001) (Fig. 4-5). However, pair
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wise comparison of means (Wilcoxon test) showed tha variability was significant only
between women with normal cervix and advanced calhaancer stages and between CIN1 and
advanced cancer stages. Parity significantly deffebetween women with normal cervix and
stage 1IB- IVB cervical cancer patients and betwé&dh1l and stage IIB- IVA (Annex 5).
Variation in AAFSI was significant between normaldastages IlA —IVA cervical cancer and
between CIN1 and stages IIA —IVA cervical cancenif@x 6). Differences in parity between
healthy and CIN1, CIN3, stage IB and stage IIA eanbetween CIN1 and CIN3, stage IB and
lIA cancer and between CIN3 and all stages of imeasancer were not statistically significant.
The differences in AAFSI between healthy and CININ3 and stage IB cancer, between CIN1
and CIN3 or stage IB cancer and between CIN3 anthalstages of invasive cancer were also
not significant. The overall variations in meanitgyaand AAFSI among the stages of cervical
cancer due to the greater variation exhibited betwde lower risk group and the hgher risk
group. These variables are not significantly déféaramong the stages of the high risk group.
Fig. 4-5 shows that only the healthy and CIN1 geobpve distinctly lower AAFSI and higher
parity than the other stages, while mean AAFSI padty of the other stages differe only
slightly.
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Figure 4-5: Box plot of (A) parity and (B) age at ifrst sexual intercourse (AAFSI) by cancer stage. Man
values are indicated by heavy line in or on the edgof the boxes. Lines extending from the boxes regsent the

range of values while the dots indicate outliers.
4.1.4. Role of the risk factors in predicting risk levels

Regression analysis was performed to show if calhdancer risk levels and infection by hrHPV
could be predicted from the risk factors. Variabileat were either not significantly correlated
with the cervical pathological condition (HCU) oerme affected by sampling (residence) were
excluded. The binary logistic regression modeludeld the variables which were significantly
correlated with cancer score (parity, AAFSI and)a@énary logistic regression model showed
parity and AAFSI can predict both risk level andHRV infection status significantly. Having

one more child or full term pregnancy increasesadith@s of a woman to be in a high risk group
by 36% and to be hrHPV positive by 38% (Table 4&farting sexual intercourse one year
earlier also increases the odds of women to bagh hisk group by 31% and odds of being
hrHPV positive by 18%. Both Wald’s test and likebglod ratio p-values were less than 0.005 in

all cases indicating that Parity and AAFSI are Bigant predictors of risk level and infection by
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hrHPV. Age was non significant predictor of botkkrievel and hrHPV infection status with

odds ratio of approximately one and non signifigartlues.

Table 4-4. Binary logistic regression model of AAFS parity and age against risk level and hrHPV infetion

with odds ratios

Predicting Risk level high versus low
crude OR (95%CI) adj. OR (95%CI)

P (Wald's test) (LR test)

Parity cont. var. 0.58 (0.48-0.7) 0.64 (0.51-0.81) < 0.001 < 0.001
AAFSI cont. var.  1.47 (1.27-1.7) 1.31 (1.12-1.53) <0.001 <0.001
Age cont. var. 0.95 (0.92-0.99) 1.02 (0.97-1.07) 0.401 0.401

Predicting hrHPV infection positive versus negative
Crude OR (95%CIl) adj. OR (95%CI)

P (Wald's test) (LR test)

Parity cont. var. 1.48 (1.27-1.73) 1.38 (1.13-).69
AAFSI contvar. 0.75(0.67-0.84) 0.82 (0.72-0.93)
Age cont. var. 1.03 (0.99-1.06) 0.97 (0.93-1.01)

0.001 <0.001
0.002 <0.001
0.175 0.172

4.2. Prevalence of high risk HPV

The non specific HPV test with MY09/11 PCR show@d &3.3%) of the cases and 7 (17.9%) of
the controls were HPV positive while 17 (16.7%)tlbé cases and 32(82.1%) of the controls
were HPV negative. In this test detection of a 4bbB&nd in the PCR amplicon was dubbed HPV

positive with a 109bp segment of human beta glggne as internal positive control for the
success of the PCR reaction and amplifiability d DNA samples (Fig. 4-6). The MY09/11
HPV PCR test detects only presence of a 450bp s#gofelLl gene of any mucosal HPV

regardless of its genotype and carcinogenicity.
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Figure 4-6: Gel photo of MY09/11 PCR product; 109 p section of human beta globin gene as positive dool
and 450bp HPV DNA amplicon run with 100bp DNA ladde (M) and HPV negative control (NC).

HPV genotyping test performed on all samples usigPapilloplex hrHPV genotyping assay
detected and genotyped eight hrHPV types in thepkaimpopulation. In the cases group 77
(80.2%) and only 6 (15.4%) in the controls groupeneHPV positive (Table 4-5).
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Table 4-5. Prevalence of high risk human papillomaws

Cases (N=96)

Controls (N=39)

Single/multi co-infection
HPV ple Prevalence  co-infection with HPV Prevalence  with HPV
genotype infection N(%) type N(%) type
HPV16 67(69.8) 2(5.1)

single 54(56.3) 2(5.1)

multiple 13(13.5) 2*16,18; 16,31; 16,33,45; 0

6*16,45; 16,52; 2*16,59

HPV45 14(14.6) 1(2.6)

single 5(5.2) 0

multiple 9(9.4) 16,33,45; 6*16,45; 31,45; 1(2.6) 45,59

45,18

HPV18 4(4.2) 1(2.6)

single 1(2) 1(2.6)

multiple 3(3.1) 2*16,18; 45,18 0
HPV31 3(3.1) 0

single 1(2) 0

multiple 2(2.1) 16,31; 31,45 0
HPV33 2(2.1) 0

single 1(2) 0

multiple 1(2) 16,33,45 0
HPV59 2(2.1) 2(5.1)

single 0 1(2.6)

multiple 2(2.1) 16,59; 45,59 1(2.6)
HPV52 1(1) 0

single 0 0

multiple 1(2) 16,52 0
HPV56 0 1(2.6)

single 0 1(2.6)

multiple 0 0
Total 77(80.2) 6(15.4)
hrHPV
positive

single 62(80.5) 5(83.3)

multiple 15(19.5) 2*16,18; 16,31; 16,33,45; 1(16.6)

6*16,45; 16,52; 2*16,59;
45,18; 31,45; 45,59

hrHPV 19(19.8) 33(84.6)
Negative

The figure followed by * indicated the number of that specific multiple infection
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From the hrHPV types HPV16 was the most abund&h8%6) followed by HPV45, HPV18 and
HPV 31 each with prevalence of 14.4%, 4.2% and 3r&%pectively in the cases. HPV59,
HPV33 and HPV52 were also prevalent with 2.1%, 18d 4% respectively. In the controls
group HPV 16 and HPV59 had the highest prevalerfce. 1 each. HPV18, HPV45 and
HPV56 had prevalence of 2.6% each and HPV31 and33R¥ére not detected in the controls.

Infection by single HPV type contributes to 80.5862 (of 77 hrHPV positives) of the total
hrHPV infections in cases while 18.18% (n=14) wdaaible infections and 1.3% (n=1) was
triple infection. Only one of the six hrHPV posgivontrols (16.7%) was co-infected by two
HPV types and the rest five (83.3%) were singledtibns. HPV16 was detected in the highest
number (13 multiple infections) of multiple infeatis including the triple infection, followed by
HPV 45 which was detected in 9 multiple infectiofgeven of the 15 multiple infections
including the triple infection are HPV16/45 co-infens (Table 4-5).

4.3. HPV DNA methylation in healthy and abnormal
cervical cells

Total of 83 hrHPV positive (77 with cervical patbgly and 6 with normal) cervical specimens
were analyzed for methylation of CpG sites in HPVdnd L2 regions. HPV16 was detected in
67 of the cases (54 single and 13 in multiple ides) and 2 of the controls (both single

infections). HPV18, HPV31 and HPV 33 were detedtefbur, three and two cases respectively
and only one HPV18 in controls but no HPVs 31 aBdkence methylation level of the CpG

sites in HPV16 L1 sites could successfully be messin 50 cases and two controls and HPV16
L2 sites in 48 cases and two controls, HPV18 Lthiee cases and one control and HPV31 L1 in

two and HPV33 L2 in one cases.

Mean and median percent methylation of CpG sieldPV16-L1, HPV16-L2 and HPV18-L2
regions in the cases was higher than in the can{fdble 4-6). HPV16 L1 region contained
CpG sites with the highest level of methylationcases (76.4%) compared to the other HPV
genomic sites. CpG sites in the HPV16 L1, HPV16an2l HPV18 L2 regions were generally
more methtylated in cervical cancer cases (with meeethylation of 75.95%, 43.62% and
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17.34% respectively) than healthy cervical tissmedn methylation 15.89%, 3.44% and 1.46%

respectively).

Table 4-6. Mean and median methylation levels in #wnHPV L1 and L2 genomic regions

Cases Controls
CpG percent methylation percent methylation
location n median mean n median mean
HPV16 L1 50 84.08 7595 2 15.89 15.89
HPV16 L2 48 36.72 43.62 2 3.44 3.44
HPV18 L2 3 17.46 17.34 1 1.46 1.46

HPV31 Ll 2 73.69 73.69 - - -

HPV33L2 1 63.99 63.99

The distribution of the HPV DNA methylation valugs cases and controls was distinct with
only some overlaps (Fig. 4-7). HPV16 L1 and L2 mgkttion values in the normal cervical
tissue were confined to the lower edge of the gsaptethylation values in the cancerous tissue
were distributed over wider range (Fig. 4-7) witkdran HPV16 L1 methylation being 84.08%
and that of HPV16 L2 36.72% (Table 4-6).
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Figure 4-7: Distribution of HPV16L1 and L2 methylation values with respect to healthy cervical tissuand
tissue with lesion.

Methylation levels of the CpG sites in HPV16 L1 dri@l regions vary significantly between
cases and controls (p= 0.0016 and 0.0018 respbgti¥eg. 4-8) by Wilcoxon test.
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Figure 4-8: Comparison of HPV DNA methylation amonghealthy cervical tissue and cervical cancers. HP\61

L1 and L2 methylation had distinct distribution of values for cases and controls
4.3.1. HPV DNA methylation by cancer stage

Though the methylation levels show clear variatb@tween the cases and controls groups, the
variation between the different cancer stages withie cases was not significant. Average
methylation of CpG sites in both HPV-L1 and L2 mw showed a steady increase from healthy
to stage IB and from stage IB to stage IIA and tteeHB, but with no specific trend of change
across the other cancer stages (Fig. 4-9A and &)-Wise comparison of mean methylation of

CpG sites in HPV16 L1 and L2 regions among cargtages (Annex 7 and 8) showed
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statisticaly significant differences only betwearmal cervix and invasive cancers. Methylation
values are distinct between the low risk and higk groups too (Fig. 4-9 C and D).
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Figure 4-9: Methylation of HPV DNA by cervical can@r stages. Both HPV16 L1 and L2 methylation levels

variation was not statistically significant among dfferent stages of cervical cancer (A&B), but sigrficantly

different between healthy cervical tissue and CINand worse (C&D).

4.3.2. Role of HPV DNA methylation in predicting cancer

stages

HPV16 L1 showed significant (p = 0.0008) regressiwith cancer score with regression

coefficient of 0.0222 (95% CI = 0.0097 to 0.0346pefficient of regression of HPV16 L2

methylation with cancer score was not statisticalynificant (p = 0.0903) with the value of
0.0105 (95% CI = -0.0017 to 0.0227) (Fig. 4-10)u3methylation in the L1 region is stronger

predictor of the cancer stages.
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Figure 4-10: Regression line with 95% confidence terval region. Regression of HPV16 L1 and L2
methylation values with cancer scores shows (A) HPML1 methylation has steeper regression slope thdB)

HPV16 L2 methylation indicating that the L1 methylation is stronger predictor of cancer stage (represged

here by cancer score)

4.4. Distribution of EPB41L3 promoter methylation
among healthy and abnormal cervical tissue

Methylation ofEPB41L3promoter region was successfully measured imallli35 participants.
Methylation level was compared by cases and cantndiere controls was composed of 39
women with normal cervix and cases group compodefiGowomen diagnosed with CIN1,
CIN3, and cervical cancer of stages IB, IIA, IIBA IlIB, IVA and IVB. Comparison was also
made between the participants categorized by gsiw@men with normal cytology and CIN1
designated as low risk and women with CIN3 or wqiGE&N3+) designated as high risk. To

check for relationship betwedtPB41L3promoter methylation and severity of cervical des,
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the methylation level was compared between levélgegsion and normal cervical tissue as
normal, CIN1 and CIN3+.

Higher level of averag&éPB41L3promoter region methylation was observed in calviissue
with lesions or cancer (cases) (35.53%, 95% CI| H#3@0.90%) compared with healthy cervical
tissue (controls) (2.95%, 95% Cl= 1.47- 4.44%). \éonm the high risk group also had higher
EPB41L3methylation than those in the low risk (Table 4-Except a single individual with
methylation level of 30.&PB41L3promoter methylation of all women with healthy\irrwas
within arrange of zero to 5.11 (Fig. 4-11). Desytite fact thaEPB41L3promoter methylation

confined to the lower level, that of the cases diagibuted throughout from zero to 82.97.
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Figure 4-11: EPB41L 3 methylation by age. Methylation level plotted agaist age of individuals categorized by

tissue type as case (normal) and control (abnormatith lesion)
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Scatter plot oEPB41L3methylation by age (Fig.4-11) shows methylatiors wat affected by
age but cervical pathology since older women wigaltihy cervix has lower methylation and

younger women with cervical cancer had higher |@¥ehethylation.

Table 4-7. Summary ofEPB41L 3 promoter methylation and age by cases and controls

cases (n=96) controls(n=39)

Minimum 25 20

Age Median 50 38
Mean 5% CI)  48.67(46.7-50.6) 38.41(35.0 - 41.8)
Maximum 75 60

EPB41L3 Mlnlmum 0 0

methylation Median 35.37 2.48
Mean 5% CI) 35.53 (30.15-40.90) 2.95 (1.47- 4.44)
Maximum 82.97 30.58

EPB41L3promoter better classifies healthy cervical tisane CIN1 together and CIN3 and
invasive cervical cancers together than the casg¢santrols grouping used in this study (Fig. 4-
12). In the case versus control comparison, whel1Cwas also classified as cases,
considerable number of cases had lo&EB41L3promoter methylation. But in the four level
classification (normal, CIN1, CIN3 and Cancer),mal and CIN1 had lower methylation level
while CIN3 and cancer had larger methylation leyélgy. 4-12B and D). Henc&PB41L3
promoter methylation categorizes the study pawicip as low ris and high risk than as normal,

CIN1, CIN3 and invasive cancer.
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Figure 4-12: Distribution of EPB41L3 promoter methylation values by cervical tissue typ (normal and
abnormal). (A) histogram of EPB41L 3 promoter methylation by cases and control, (B) htegram of EPB41L3
promoter methylation by lesion type as normal, CIN1 CIN3 and cancer, (C) densityplot of EPB41L3
promoter methylation by cases and control, (D) deriyplot of EPB41L3 promoter methylation by lesion type
as normal, CIN1, CIN3 and cancer. Normal cervical issue and CIN1 generally showed lower level of

methylation while CIN3 and invasive cervical cancetend to have higher level over extended range.

Variation of EPB41L3 promoter methylation with respect to cases androlnas well as
different stages of pathology (normal, CIN1, CIN@dacancer), was significant by Kruskal
Wallis test (Fig. 4-13). Distribution of methylatiovalues among normal cervical tissue and
CIN1was very similar. Pair wise comparison of melaowever showed variation was significant
only between normal and cancerous tissues and bet@#N1 and cancerous tissues (Fig.4-

13B).
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Figure 4-13: Comparison ofEPB41L 3 promoter methylation among different pathologicalstates. Methylation
values pair-wise comparison (A) between healthy ceical tissue and tissue with any sort of dysplasiaB)
between healthy, CINs and invasive cancer, (C) lesis by risk level as healthy, CIN1 and CIN3 or wors and
(D) by risk level considering healthy and CIN1 asdw risk and CIN3 and higher as high risk.

Normal cervical tissue and CIN1 had similar mearl®f EPB41L3promoter methylation (Fig.
4-13C) while the variation between CIN1 and CIN&bestatistically not significant (p = 0.18)
(Fig. 4-13B). CIN3 also had methylation level tdéfered in statistically non significant way (p
= 0.36) from invasive cancer (Fig. 4-13B). Riskegairization which grouped normal and CIN1
as low and CIN3+ as high risk showed significartQ0©01) variation in methylation level (Fig.
4-13D). This showsEEPB41L3 promoter methylation is plays great role in pregien from
healthy and low grade lesion to high grade lesiwhiavasive cancer.
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4.4.1. AverageEPB41L3 methylation by cancer stage

There is a general trend tHaPB41L3promoter methylation increases with severity alvoal
pathology. Healthy cervix and CIN1 having the lotesel of methylation with gradual increase

with increasing severity of the lesion, but dropgha worst pathological stages (Fig. 4-14).

Pair-wise Wilcoxon test (Annex 9) revealed thatiatgwn in methylation is significant between
normal cervical tissues and all stages (IB — IVBnhwasive cervical cancer. It also differentiates
between CIN1 and all stages of invasive cervicaicees but stage IB. Differences in
methylation between healthy and CIN1, CIN1 and CIEEN3 and invasive cervical cancers

were not significant.
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Figure 4-14: EPB41L3 methylation by cervical cancer stages. Mean levelf methylation by level of cervical

cancer with healthy control and precancerous lesion

EPB41L3promoter methylation and cancer stages were dirarugrelated (r =0.68, 95% CI =
0.58 — 0.76) and their correlation was statistjcalpnificant (p < 0.0001). Age ariePB41L3
promoter methylation showed slight correlation (1041, 95% CI = -0.06 -0.27) which is
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statistically not significant (p = 0.21). Age alsorrelates with cancer stage (r = 0.28, 95% CI =
0.11 — 0.42) with p value of 0.0011 (Fig. 4-15, [Ead-8).
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Figure 4-15: Correlation of EPB41L 3 promoter methylation, age and cancer stage.

Table 4-8.EPB41L 3 promoter methylation, age and cancer score corretin with statistical significance

EPB41L3me Age

Age  0.11(95% Cl=-0.06 — 0.27) (p =0.21)
028 95% Cl = 0.11 — 042) (p =

0.001)
ca.score 0.68 (95% Cl =0.58 — 0.76) (p = 0.000)

4.4.2. EPB41L3 promoter methylation models to predict

cervical pathologies

Simple linear regression models showed #BRB41L3promoter methylation value to be good
predictor of severity of cervical lesion with regsen coefficient 0.053 (95% CI = 0.043-0.062)
which was significant with p value of less than@R0. This analysis also showed tE&B41L3

methylation predicted cancer stage than it did agghe women or the vice versa. The
methylation values had non-significant (p = 0.1&gression coefficient (0.30, 95%CIl= -0.12 -
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0.73) to the age of the women. Age as predictatapicer stage had regression coefficient of
0.05 (0.02 — 0.08) and p value 0.002. The slopth@®fregression lines (Fig. 4-16) also showed

thatEPB41L3promoter methylation to be stronger predictor thga of the women
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Figure 4-16: Regression lines to compard&ePB41L3 methylation and age prediction of cancer stage.
Regression line ofEPB41L 3 methylation with cancer score (A) and age with carer score (B) both with 95%

confidence interval.

4.5. Diagnostic performance of methylation markers
4.5.1. Correlations and variations among methylation assay

and pathological status

Both EPB41L3 methylation score and S5 cervical cancer classdisay scores had strong
correlation among themselves as well as with cascere (Table 4-9). Correlation coefficients

for S5 andEPB41L3 assays with age were not statistically significgmt= 0.29 and 0.16
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respectively). Comparatively S5 had stronger cati@h with cancer score (r = 0.79, p <0.0001)
than theEPB41L3methylation with cancer score (r = 0.69, p<0.0001)

Table 4-9. Correlation coefficients and p values d85,EPB41L 3 promoter methylation, age and cancer score.

EPB41L3.me S5 Age
S5 0.89(p = 0.000)
Age 0.12(p =0.1618) 0.19(p = 0.294)
ca.score 0.69(p = 0.000) 0.79(p = 0.000) 0.27(0817)

Age showed statistically significant but weak ctatien with cancer stage (r =0.27, p =0.0017)
being weak predictor of risk of cervical cancer pamed with the methylation markers (Fig. 4-
17). From the positive correlation of methylatiossays with cervical cancer stages, we can
deduce that there is a general trend of increasiathylation levels with severity of cervical

cancer.
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Figure 4-17: Correlation heat map ofEPB41L 3 methylation, S5 classifier, age and cancer stage
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Mean values of both S5 aiePB41L3promoter methylation vary significantly among lawd
high risk (p<0.001). Both assays discriminate wedtween healthy and CIN3 or worse (p
<0.001) as well as CIN1 from CIN3 or worse (p<0.0However, methylation assays do not

vary significantly between normal cervical tissuel &£IN1 (p = 0.66 and 0.85) (Fig. 4-18).
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Figure 4-18: Variation in EPB41L3 methylation and S5 by case- control and by levelfdesion. Variation

between (A and B) women lower risk to develop canenf uterine cervix (low risk) and those at higher sk of

the cancer (high risk) and (B and C) comparison beteen normal, CIN1 and CIN3 and worse.

4.5.2. Performance of methylation assays

Sensitivity and specificity calculated with eachthyation and S5 scores as cut points to asses

discrimination potential of the scores showed stthgp in sensitivity and rise in specificity in

the lower short range of the values. Moreover, i§ipgg and sensitivity curves showed sharp

turn where these indices enter only slight charkgg. @-19). Intersection of the sensitivity and

specificity graphs, usually used as cutoff values vaa around value of 5 for botBPB41L3

methylation and S5.
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Figure 4-19: Sensitivity and specificity of S5 andEPB41L3 methylation. Sensitivity and specificity was
computed for each value of (A)EPB41L3 methylation and (B) S5 score as a cutoff point. Thtwo indices

plotted together to display their relative values gainst all possible cutoff values.

4.5.3. Determining optimum cut points and evaluation of tte

assays

Optimal cut point value foEPB41L3 methylation derived from ROC curve analysis using
method that minimizes the difference in sensitiatd specificity (intersection of sensitivity and
specificity curves on Fig. 4-19A) was 5.11(Tabl€l@): Using a method that maximizes
Youden’s index or the sum of sensitivity and spettif values, 5.56% methylation &PB41L3
promoter serves as optimal cut point. Using miningzdifference method, S5 assay can best
discriminate between low and high risk women atpmint 4.85, but using Youde’s index 2.44
appeared the best cut point. FBPB41L3 methylation, cut points obtained both ways were
almost similar except slightly higher specificityaut point 5.56. Cut point 2.44 yielded slightly
better sensitivity and negative predictive valu®{ than cut point 4.85 for S5.

Though the differences from this data are onlyhs|i®5 assay showed better sensitivity, AUC
and NPV thanEPB41L3 methylation. EPB41L3 methylation in turn had slightly higher
specificity and PPV than the S5 assay.
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Table 4-10. Summary of reciever operating charactéstic (ROC) curve analysis for theEPB41L3 methylation
and S5 assays to differentiate between cases anairols

Optimal specifi sensiti

cut point  Method Index city vity AUC PPV NPV outcome predictor
5.56 youden 0.9 0.96 0.94 097 097 0.91 Risk EPB41L3me
2.44 0.91 0.95 0.96 098 0.96 0.95 Risk S5
5.56 Sen + spe 1.9 0.96 0.94 097 097 0.91 Risk EPB41L3me
2.44 191 0.95 0.96 098 0.96 0.95 Risk S5
5.11 |sen-spe| or 0.01 0.95 0.94 097 0.96 0.91 Risk EPB41L3me
4.85 Sen = spe 0 0.95 0.95 098 0.96 0.93 Risk S5

AUC= area under ROC curve, PPV= positive predictive value, NPV= negative predictive value

91



Chapter 5

5. Discussion

5.1. Higher parity and early age at first sexual intercaurse
are risk factors for cervical cancer among Ethiopia
women

Prevalence of hrHPV is higher in cases than inrotsitwhich is in line with hrHPV infection
being the major risk factor to develop cervical @am Significant differences in mean parity and
AAFSI was observed between normal controls andsimeacervical cancer as well as between
low risk and high risk groups. This dichotomy irripaand AAFSI with the malignant and non
malignant states of cervical tissue is importandétermining women at risk of cervical cancer.
These differences were not significant betweenthgaiontrols and precancerous lesions and
among different stages of invasive cervical canelggher parity and having sexual intercourse
at earlier age were shown to have increased thecelfar infection by HPV and development of
cervical cancer. Binary logistic regression analydso showed that increased parity, earlier age
of first sexual intercourse and infection by hrHR¥ among the risk factors that are strong
enough to predict the risk of cervical cancer depelent. This implies that women with higher
parity and/or lower AAFSI are at higher risk thawode with low parity and later AAFSI.

Greater parity in cases than in controls indicaang many children is risk factor as reported
in several previous studies (Muietzal, 2002; Jenseat al, 2013;Dawit Woldayet al, 2018§.
Sexual intercourse at younger age is shown to aser¢he risk of cervical cancer as the mean
AAFSI is much lower (16.57) in cases than in cost(@0.18). This is also in agreement with
other studies (Plummet al, 2012; Ribeircet al, 2015; Kaueet al, 2016; Candidet al, 2017)
that report starting intercourse at earlier ageeases the risk of cervical cancer. Parity and
AAFSI can thus serve as prioritizing characterssiit cervical cancer prevention interventions

along with other risk factors.
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Cervical epithelia undergo natural changes inclgdire position of transformation zone (Castle
et al, 2006) and metaplastic changes during pubertyo(@iand Rustgi, 2017) that affects both
physical and physiological conditions of the tisselgch may in turn modulate its susceptibility
to infection by hrHPV and carcinogenesis. Sevemdt@nical and physiological changes
mediated by hormonal changes as well as mechasihs are also evident in the uterine
cervix in association with pregnancy and delivefyn{mons et al, 2010). The metaplasic
changes and other events associated with pregraardyelivery increase susceptibility of the
cervical tissue to infection by HPV (Hwaegal, 2012). Hence the reason that higher parity and
earlier AAFSI may increase the risk of cervical HRNection and hence cervical cancer is the
natural course of physiological and physical changigring puberty and pregnancy and trauma

during delivery.

In the selected women, the cases are older witmraga 48.5 (95% CI, 46.6-50.4) years than
controls 38.41(95% CI, 35.0 - 41.8) years, whichansee women attending cervical cancer
screening are younger than those referred for pashmlogy examination. This variation in age
may arise from two major reasons. The first is Itatgncy of hrHPV infection and multistage
progression of the pathology (Schleehtl, 2001) so that cancer develops and medical attenti
sought at later age. Second, the younger generatimore aware of cervical screening because

of better exposure to information and is bettercatied to attend cervical screening services.

The higher number of urban residents in the cositgybup is because of lack of screening
programs in the rural areas. Hence sampling bidesi# inconclusive about any association of
cervical cancer with rural residence. However, prapnal presence of rural residents in the
cases group indicated that cervical cancer isesiticted to specific residence type. Since all the
study participants were selected randomly, alMdmables except residence are representative of
the cases and controls group. Since the variatidthGU is not statistically significant, it cannot
be accounted for neither as risk for nor as protecigainst cervical cancer. Studies from Brazil
(Ribeiroet al, 2015), Peru (Almontet al, 2011) and Kenya (Ermet al, 2019) also found no
statistically significant association between homalo contraceptive use and risk of HPV
infection and cervical cancer. There are also otktrdies which reported hormonal
contraceptive use as risk factor. For example @ares team called ‘International Collaboration
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of Epidemiological Studies of Cervical Cancer’ (ZD@ound use of hormonal contraceptive for
ten years of more to be a risk factor. Another gtol Indonesian women also reported HCU as
risk factor to cervical cancer (Paramit al, 2010). Therefore the impact of hormonal
contraceptive use should be further studied asdffficult to clearly conclude its role in cervica

cancer development.

The socio-demographic factors are interdependeshtose affects the other. HCU for example
varies with age and parity and AAFSI with residenSence both age and parity vary with
cervical pathology, the two have confounding effétdwever statistically significant correlation
coefficients indicate which variable have stronteef Parity correlates with AAFSI, age and
cancer score with coefficients of -0.5, 0.5 and i@$pectively. Starting sexual intercourse at
earlier age leads to have more children, olderiagdso a factor to have more children and
having many children increases the risk of cervahcer development. AAFSI is correlated
with age and cancer score with coefficients of @atron -0.2 and -0.5. Older women tend to
have started intercourse earlier than younger dwisch might be due to traditional early
marriage) and starting sexual intercourse eamiereiases risk of cervical cancer. The correlation
coefficient of age and cancer score is 0.3 meagsmger risk increases with age. Stronger
correlations with cancer score are observed inypand AAFSI. Therefore parity and AAFSI

have greater role in cervical cancer development.

5.2. Prevalence and genotype distribution of hrHPV types
among Ethiopian women with various stages of
cervical lesions

The non-specific HPV test by PCR detected more Hiféctions than the genotyping test
because the later is specific to only 14 hrHPV syp#ile the PCR amplifies any DNA of any
mucosal HPV. HPV prevalence of 82.5% and 17.9 % wlaserved in women with cervical
lesion and normal cervical cytology respectivelhisTis somewhat different from previous
studies in Ethiopian women, which identified HPV1i9 of 160 (93%) of cervical lesions (Ebba
Abate et al, 2013) and in all of 92 (100%) women with abnorroglology and in 69 of 141

(48.9%) women with normal cytology (Dawit Wolday al, 2018). The differences may arise
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from the samples and methods used for HPV deteeainmhgenotyping. HPV negative cervical
lesions was higher (17.5%) in the current studgyngared with recent study conducted in
women from Texas USA (Get al, 2019) which reported 8.3% HPV negative biopsyficored
high grade lesions or worse. In another study emskiwomen, 10% of women with high grade
lesion and older than 45 years was hrHPV negate ét al, 2019). This high rate of HPV
negative cervical lesions is attributable to sangpkrrors and integration of the HPV genome in
to the host cell genome that interrupts the L1aedhat is targeted by the tests (Walboonstrs
al., 1999) or presence of HPV negative cervical lesi@unet al, 2018).

HPV16 is the most prevalent type with 69.8% in ¢thses and 5.1% in the controls, which is in
line with all previous reports on Ethiopian womeithacervical lesion which are 91.2%(Ebba
Abateet al, 2013) and 62% (Dawit Woldast al, 2018). However, with prevalence of 14.6%,
HPV45 is the second most prevalent HPV type in dases which is not common in other
studies. A meta analysis on global populationgiiLal, 2011), a hospital based studies on Danish
women (Hammeet al, 2015), Korean women (Set al, 2019), Italian women (Rassi al,
2005), Australian women (Steveasal, 2009) and USA (Hopenhat al, 2014) all reported
HPV 16 to be the most prevalent followed by HPVH®V45 occupied the rank of top four in
none of the above studies. Studies on UK (Meshat, 2014) and Ghanian (Awtet al, 2016)
women reported HPV45 as the third most prevaleri lpes. A systematic review of HPV
prevalence in three eastern Africa countries, ihioKenya and Sudan (Matifan and Gemechis,
2019), showed that HPV45 is the third most comnype tfollowing HPV16 and HPV18 in all
the three countries. In the current study and oeeipus study from Ethiopia (Dawit Wolday

al., 2018), HPV45 is the second most prevalent tymerey Ethiopian women with cervical
lesions and cancer. The fact that the current studiyDawit Woldayet al (2018) are both from
Ethiopian populations indicates higher prevalenteHBV45 to be peculiar epidemiological

characteristic to this specific population.

Considerable amount (19.5%) of all hrHPV infectiomgases were multiple infections. The two
most prevalent types HPV16 and HPV45 were foundast of the multiple infections. From the
total of 15 multiple infection 7(46.67%) were HP\V\HV45 co-infection. 19.4% of HPV16 and
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64.3% of HPV45 infections were in multiple infeci® This emphasizes the importance of these

two genotypes in Ethiopian patients.

Cervical hrHPV infection was higher in women whaltstarted sexual intercourse at younger
age. Majority of cervical cancer patients are itddcby hrHPV types. HPV16 is the most
prevalent type in Ethiopian cervical cancer paselitis the most common type in both single
infection and multiple infections. Infection by higisk HPV and other demographic factors
make women prone to cervical cancer. HPV vaccinatidh HPV16 as target is a good choice
but since the next most common hrHPV type is tybeid this study as well as in another in
Ethiopia Dawit Wolday et al., 2018, vaccines that target HPV45 as well are imporfant
Ethiopia more so than those targeting HPV18. Tihiscates a need for the nonavalent vaccine
which could target not only single infections blgoaconsiderable amount of multiple infections

among Ethiopian women.

5.3. DNA methylation pattern in the L1 and L2 genes of
HPV in hrHPV infected women with cervical lesions

Distribution of the HPV L1 and L2 methylation vatuand its pattern assumed generally distinct
trend in the healthy and malignant cervical celgG sites in HPV16-L1, HPV16-L2 and

HPV18-L2 showed higher level methylation in cancergaervical tissue than in healthy ones. It
was not possible to compare methylation level oEGjites in the other (HPV31-L1 and HPV33-

L2) regions due to lack of healthy cells infectethwhe corresponding HPV types, however the
methylation level was generally higher in cancer@gmecimens. The increased level of
methylation in the abnormal cervical cells indicatassociation of the HPV epigenome
modification with malignant transformation. In higsl cells, methylation of the evaluated sites
was almost negligible while in malignant cells @nges all the way from non- methylated to
more than 80% methylated. This implies that DNA my&ttion at these sites is a conditional

epigenetic change in the cervical cancer progragdiorres Rojagt al, 2018).

Wilcoxon rank sum comparison of HPV16-L1 and L2ioegnethylation between cancerous and
healthy cervical tissue showed statistically sigaift difference between low risk and high risk
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women. Methylation values for the HPV18 L2 sitedrdi show significant variation, which is

likely due to small sample size in both healthy aages groups.

Despite the significant difference in the healtimg analignant tissues, comparison among the
various stages of cervical cancer yielded non 8agit variation in DNA methylation level of
HPV16 L1 and L2 regions. Mean methylation levelboth L1 and L2 regions of HPV 16
showed a steady increase in the earliest stagege(d8 through stage [IB) but levels out in the
higher stages. This indicates that HPV DNA methgtatchange in the L1 and L2 region is
among early epigenetic events in cervical cancegnession. Previous works with breast cancer
(Rauscheet al, 2015) and other cancer types (Gial, 2019) revealed that DNA methylation
changes are evident in the initial stages of tmeews.

Linear regression model revealed that methylatrothe L1 region to be a better predictor of
various stages of cervical cancer. Methylationhie HPV16 L2 region is a weak predictor with
statistically non significant regression coeffidi¢p = 0.0903). Bowdeat al (2019) in their meta

analysis showed that methylation of CpG sites @nlth region was much higher in high grade

cervical lesions than in the low grade lesions careg to those in the L2 region.

DNA methylation of CpG sites in the HPV 16 L1 and ORF regions was among epigenetic
changes that have statistically significant asdmriawith cervical cancer development.
Methylation of these sites may be either drivepassenger epigenetic changes in the process of
cervical cell transformation, but regardless of hatsms, the methylation levels are a very
strong biomarkers of cervical cancer risk. Variatia levels of methylation by pathological
status of cervical tissues can be used in varioagsvin the fight against the cancer. First the
variation can serve as diagnostic marker both ¢alipt as well as to diagnose the disease status.
Second it adds to the understanding of the proakessrvical carcinogenesis. Third it may serve
in designing a therapeutic intervention either sgnas treatment target or through helping in
uncovering the pathways involved in the procesg Uiderlying biological mechanisms of these

associations must hence be the subject of fututkest in this area.
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5.4. Hypermethylation of CpG sites in humanEPB41L3
gene promoter region in cervical cancer

EPB41L3promoter methylation is higher in cervical celterh cancerous tissue than in those
from normal tissues. With the exception of one woméno had high level of methylation (who
may have had an occult cancer) methylation in nbmoeanen was quite low, implying that low
methylation level of CpG sites in tHePB41L3 promoter region are associated with active
expression of the DAL-1 tumor suppressor proteibB4in healthy epithelium but not in
carcinoma cells (Dafoat al., 2010). Methylation level was lower not only in hbg tissue but
also in CIN1 lesions compared with invasive cantexel of methylation in CIN3 was difficult
to judge due to presence of only two cases indhaiegory. Hypermethylation of tHePB41L3
gene promoter in cervical cancer cells observedhis study is also similar with what was
previously reported in cervical cancer (Eijsietkal, 2011a, Kellyet al, 2018) as well as other
cancer types (Kikuchet al., 2005, Takahashet al., 2012). This make&PB41L3promoter
methylation a potent diagnostic marker that sigealwical cell transformation as at least one of
the many molecular aberrations underlying the malngy. Methylation level oEPB41L3
promoter in healthy and the CIN1 lesion (low risigmpared with CIN3, a lesion which is
higher risk to progress to invasive cancer, andasiwe cancer (high risk) is lower. The
methylation percentage for the two groups (low askl high risk) was distinct. HenE®B41L3

promoter methylation is important in predictingééwf risk of cervical cancer development.

DNA methylation especially of gene promoter regioams an epigenetic marker can be affected
by various biological variables such as age @tial, 2019). Age as one of the major epigenetic
modulator was assessed for its association withe®i841L3promoter methylation and showed
no significant association which could however séd by a residual effect of our biased age
distribution among cases and controls groups. Rtedata observed in this study, methylation
of theEPB41L3promoter region is more strongly associated wahcer than with age. Klutstein
et al. (2016) suggest that age related DNA methylatioghtnprovide fertile ground for cancer
initiation and progression. A study conducted oa déissociation of DNA methylation in aging
and cancer (Perez al, 2018), indicated that the relationship betweemayd DNA methylation

is complex. However thEPB41L3promoter methylation changes observed in the ntustidy
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look less affected by age related epigenetic clmagdhe increased DNA methylation correlates

more with cancer than with age of the women.

Comparing methylation level across cancer stagajugl increase of methylation with severity
of cervical pathology was found in the lower hdlitiee stages followed by drop in methylation
level as cancer worsens. This suggefB41L3promoter methylation or expression suppression
is important early event in cervical cancer progi@s but less important in the later stages of the
cancer. However, there is a strong overall positwgelation between the methylation levels
and cancer stages with Spearman correlation caaftic =0.68 (95% CI = 0.58 — 0.76, p <
0.0001). Correlation coefficient of r = 0.11 whialas calculated foEPB41L3methylation and
age was not statistically significant (p=0.21) aagk and cancer stage were correlated with
coefficient r= 0.28 (p=0.001) which implies agelt® among risk factors for cervical cancer.
Even though epidemiological data show that the addsgher to develop cancer at older age
than at younger age, it is believed that this issed by increased exposures to other risk factors
during the ages preceding the old age (Sepjad, 2015; Whiteet al, 2014).

Simple linear and multiple linear regression models EPB41L3 methylation and age with
cancer score (a numerical proxy for cancer stagks)vedEPB41L3methylation as a strong
predictor of the early cancer stages than theirveg® The increased methylationBE®B41L3

promoter region was found to be a good predictareo¥ical malignancy.

In conclusion CpG sites iIEPB41L3promoter region were hypermethylated in cerviaiaer.
The differential methylation observed in cervicalle from healthy and cancerous tissues was
associated with the process of carcinogenesis.a&gefactor that affects epigenetic markers was
ruled out, because the association between meithryletvels and cervical pathology status was
very strong while there is no statistically sigcént association between methylation level and
age. Increase in EBP41L3 promoter methylation washnment only during the early stages of
the cancerEPB41L3 expression suppression is an early epigenetictewethe process of
cervical cancer development. This implies that watfs such as cell cycle regulation and cell
motility and attachment, in whicBPB41L3is involved, are the most likely altered pathways

the initial transformation of cervical tissue.

99



5.5. DNA methylation assays are good biomarkers to
differentiate normal cervical tissue and CIN1 from
CIN3 and worse cervical lesions

The two assays assessed in the current st&B41L3 methylation and S5) had strong
correlation becausePB41L3methylation is the mojor component of the S5 asshigh was
consistently measured in all the patients. ThoE§B41L3methylation constitutes only ~31%
of the S5 score, only 61.48% of the study participavere hrHPV positive from among which
still only part had successfully measured methgtatof HPV DNA to be included in the S5
assay. The strong correlation of the methylatiooress with cancer stage is indicative of
presence of underlying biological relationship. Neignificance of correlation between
methylation and age rules out the possibility of MMethylation to be caused by age related
epigenetic changes. Hence increased level of natbgl of CpG sites in both the human
EPB41L3gene promoter as well as HPV L1 and L2 genes mtaa than in healthy and
precancerous lesions is biological phenomena a#edci with cancer progression.
Hypermethylation of CpG sites in promoters of esgBc tumor suppressor genes are the
potential drivers of the carcinogenesis procesSéstterjeect al, 2018). Dankai and colleagues
(2019) demonstrated elevated methylationlC&DM1, FAM19A4 and MAL genes in cervical
cancer which could help detection of various higadg cervical lesions from normal and low
grade lesions with better sensitivity than cytolagyl comparable specificity.

Lack of variation in methylation between healthg &IN1 cells imply that DNA methylation in
the studied genomic positions are key indicatorpredictors of malignancy of lesions. There
was clear variation between the CIN1 and CIN3+jdaiihg cellular transition from benign
lesion to malignant. This is consistent with prestudy where thEPB41L3(Vasiljevi¢ et al,
2014a) and HPV L1 and L2 (Vasiljewt al, 2014b) genes methylation classified between CIN1
or less from CIN2 and CINS3 efficiently.

Higher correlation coefficient of the S5 with canstages compared with that BPB41L3
methylation alone is because of association ofHR¥ L1 and L2 gene mathylations with the
process of cervical carcinogenesis. The diagndloerthat DNA methylation of CpG sites in the
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HPV L1 and L2 genes was reported in previous w@@itarkeet al.,2018, Bryanet al.,2014).
Including methylation scores of the HPV genes ia #ssay has strengthened the diagnostic

performance of the assay.

The methylation scores have clear pattern by #resformation status of the cells. This makes it
amenable for use as diagnostic marker to diffeaémtbetween healthy cervical cells and those
with high grade lesions. THePB41L3methylation and S5 assays differentiate betweeraz
cells from normal or CIN1 and CIN3+ lesions withglhér sensitivity (96%) and specificity
(95%) at optimal cutoff points. Both S5 score aBBB41L3 promoter methylation assays
improved sensitivity and specificity of the hrHP¥mptyping tests.

Selecting cutoff values using maximizing sum ofcsfieity and sensitivity or Youden’s index
generated better cutoff values for b&RB41L3 methylation (5.56) and S5 (2.44). At cutoff
point 5.56,EPB41L3methylation had 94% sensitivity, 96% specificitydad.97 AUC while S5

at cutoff 2.44 had 96% sensitivity, 95% specificiiyd 0.98 AUC. Minimizing the differences
between specificity and sensitivity generated aihys 5.11 forePB41L3methylation and 4.85
for S5. Sensitivity and specificity @PB41L3methylation at at cutoff value 5.11 were 94% and
95% respectively while that of S5 at cutoff 4.85r@vboth 95%. The cutoff values selected both
ways had similar AUC value. Other studies have adgmrted DNA methylation based tests to
have better performance than cytology as well a¥ HBting and genotyping tests. By screening
from a genome wide methylation profile of cervicahcer specimens, Xat al. (2019) identified
four methylation markers that can differentiatewsstn normal cervical tissue and tumor with
sensitivity of 96.2%, specificity of 95.2% and akl@ greater than 94%. Two DNA methylation
assays approved to be used for triage of ambiguenscal screening test results, GynTect®
(Oncgnostics) and QIlAsure (Qiagen), have 61.2%78n8% sensitivity respectively of detecting
CIN3 or worse lesions (Locket al, 2019). The current study showed much higher geitgj

specificity, AUC and negative and positive predietvalues.

S5 assay has consistently greater sensitivity, Ad@€ NPV tharEPB41L3methylation at all the
corresponding cutoff values whilePB41L3methylation had better specificity and PPV. AUC is
considered the overall summary performance of & téence S5 is only slightly better at
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discriminating healthy cervix and CIN1 from highade cervical lesions. It is likely that the
performance of the S5 aritPB41L3tests in our study were quite similar because aa \rery
few CIN3 and no CIN2. In previous study it has bebserved that the improved performance of
the S5 test versusPB41L3was particularly evident in detecting the CIN2¢3ibns where S5
has a significantly higher sensitivity but a simikgpecificity as theEPB41L3test (Lorincz,
2016). S5 assay has shown a better sensitivityl¥86uersus 63.3%) and specificity (40.1%
versus 29.1%) than HPV16/18 and cytology co-test{hfgrnandez-Lépezet al, 2019).
Discripancies in the test parametrers such as tsatysispecificity and AUC among different

studies may arise from differences in protocol®feéd by the different researches.

DNA methylation changes in both human and HPV garesimportant epigenetic factors in
cervical cancer development. Diagnostic tests dase DNA methylation levels have good
performance in detecting or predicting cervical aeanand high grade cervical lesions. S5
classifier, DNA methylation test that included mg#tion of both human and HPV genomic
sites performed better than the human gene onhhylation analysis. DNA methylation is

promising marker to develop a diagnostic test withhest sensitivity and specificity. These
assays should further be evaluated and enricheld miire methylation data to be applied

clinically.

102



Chapter 6

6. Conclusions and Recommendations

6.1. Conclusions

Prevalence of hrHPV in Ethiopian women with abndreevical tissue (including CINs and
invasive cervical cancer) is 80.2% and 15.4% inmde HPV16 is the most prevalent genotype
with prevalence of 69.8% followed by HPV45 (14.4HRV45 being the second most prevalent

type in Ethiopian patients is noteworthy event.

Parity and age at first sexual intercourse are gnsmtio-demographic factors identified to put
women at risk of cervical cancer. Women with higparity and earlier AAFSI are at increased
risk of both being infected with hrHPV and develapicervical cancer. An increase in parity by
one increases the odds of woman'’s risk of cendaakcer and hrHPV infection by 36% and 38%
respectively. One year earlier AAFSI increasesaithéds for cervical cancer and hrHPV infection

by 31% and 18% respectively.

Methylation level of CpG sites in the HPV16 L1 dr@region is higher in cervical cancer than
in hrHPV infected normal cervical tissue. Methybatipattern of CpG sites in the L1 region is
more correlated with the cancer progression thasehn the L2 region. Incremental pattern of
HPV16 L1 and L2 methylation with cancer severitysvedserved at earlier stages of cancer but

less so in advanced stages.

CpG sites in the humaBPB41L3gene promoter region were also hypermethylateckmical
cancer cells compared with cervical cells from rarroervix and CIN1. The increase in
EPB41L3 promoter methylation follows the pathological s@yefor the first half of the
progression and then drops at the most sever stdgles cancer. This implies that both HPV L1
and L2 gene and humaePB41L3promoter methylation to be early epigenetic evienthe

process of cervical carcinogenesis.
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Methylation changes in both HPV and human genomgions could be used to identify the
pathological status or predict pathological conseges ahead of clinical manifestations. The
methylation changes are good markers to differentietween healthy and cancerous tissues.
Levels of methylation of the humdaPB41L3gene promoter and HPV16 L1 and L2 regions
vary significantly between healthy and cancerouwical tissue. Methylation pattern of CpG
sites in humarEPB41L3 promoter region has strong correlation with cealicancer stages.
Evaluation of diagnostic performance BPB41L3methylation alone as well as S5 classifier
showed promising results. BotBPB41L3 promoter methylation alone and S5 could classify
normal cervical tissue from abnormal with bettensstvity, specificity and area under ROC

curve (AUC) compared with cytology and hrHPV test.

6.2. Recommendations

From the results of the above five sections of #iigly, the following recommendations are

forwarded.

» HPV based cervical cancer interventions plannedEthiopia should consider the
genotype distribution and prevalence and furthedespiological studies with larger
sample size must be undertaken to confirm the peaea before implementation.

* HPV45 must be given due attention in HPV tests\autinations in Ethiopia as it is the
second most prevalent type in this and other ptesvatudy

* High parity women and women who have started sekualcourse earlier should be
given priority for cervical screening

* Adolescent education programs to raise awarenedaroity planning, early marriage
and early sexual intercourse must be implementedidering the risks that parity and
AAFSI bring withbregard to cervical cancer.

* Further research should be undertaken to cleartienstand the epigenetic changes in
both the HPV and human genomes that associate ceitical cancer since it may

enhance our understanding of the natural histotii@tondition.
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DNA methylation as cervical cancer screening arabér may improve the efficacy of
cervical cancer intervention if assessed, evalyategroved further and utilized as triage
tests especially with HPV testing.

EPB41L3promoter methylation and S5 classifier has perémirmuch better than the
existing screening tests and hence should be cenesido be utilized after being further
evaluated with larger sample size.

Epigenetic changes associated with cervical camaagression should also be studied in

depth for their potential use as treatment targets.
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8. Annexes

Annex 1: consent format and demographic and clinical historydata sheet

A. Questionnaire

1. Introduction
1.2 Study participant code pacode
1.3 Date of interview
2. Age (in years)
3. Occupation husband’s ocaupati
4. Ethnicity
5. Permanent residence(where you lived for most ofryage) ; Urban Rur;
6. Type of fuel used for cooking
History of other diseases (especially STI, HIV)
a.
b.
C.
8. Number of children (if any) age of firsild

Age at first parity

10. Age at first sexual intercourse

11. Contraceptive use yef N

If yes, mention type(s) of contraceptive and fowHong
a.
b.

12. Number of sexual partners (any history of multipdxual partners)

13. Do you or member of your family smoke cigarette No

14. Have you ever been on medication for long timexBpe

15. Is there family history of cancer?




1.Yes [ ] . %o
If yes which family member? (specify)

16. Type of staple food (diet)

3. Unknown

17. Ca status and stage

a. Clinical

b. Histopathological




B. Certificate of Consent

| have read the foregoing information, or it hagrbeead to me. | have had the opportunity to
ask guestions about it and any questions thaté haked have been answered to my satisfaction.

| consent voluntarily to participate in this resgar

Name of Participant Sign. Date

If illiterate

A literate witness must sign (if possible, thissoer should be selected by the participant and
should have no connection to the research team}idjzants who are illiterate should include

their thumb-print as well.

| have witnessed the accurate reading of the corieem to the potential participant, and the
individual has had the opportunity to ask questidneonfirm that the individual has given

consent freely.

Name of witness D AN Thumb print of participant

Signature of witness

Date

Statement by the researcher/person taking consent

| have accurately read out the information shedthégootential participant, and to the best of my
ability made sure that the participant understahdspurpose of the study and the processes and

procedures to be undertaken.

| confirm that the participant was given an oppoitlyito ask questions about the study, and all
the questions asked by the participant have begnerd correctly and to the best of my ability.
| confirm that the individual has not been forcatbigiving consent, and the consent has been

given freely and voluntarily.



Name of Researcher/person taking the consent

Signature of Researcher /person taking the consent

Date

Orst Arate eHam eaIPrt O-A

nNAL (PHCHC PtavAnt@<7 avl8 AL @LI° HI0AT 09910 +HLEFAU-:: TP PaomPP hLAI hTVE
POEPE (L U3 FANDATA:: AATSE SFAMT? a8 (I FhhA T8E NGk Avate 14.PL74 1T
TATI°FAU-::

A F4P O° &G +7

TPNNG P& ATIS T

agerE TG 9§ APFTA (M9LFA) PARC ATINTrE 24490 DrhFA PAhGT 0 TaFaPT
oolme ORI NGt (&% IC ATFrE 0LFEF@D Rgavlap:: TG 09§ P99 Fh +AF4PT
NNFF@ Ag L4.LT:: PANCTI® ool E@-7 (Fhhd ATAFEP AATTINOFD- R4.CTI::

NA°Frt P+ AL CHHLHLDT avlB AP (FFhhA “T00.7 AT0-9° F9LP 1 LA FATFO-T 10T
PaoMmPP HLA ATVFD MEPD- avlGFFOT  havahd-Aav-i: OFeRTIS FNTLP (TG AAte
eI 119 6.94FO OPET har(ihe-Ou-::

I nhe ng® CF07g a4, At Al

PIPNNC 4477 idd

PATL ORI° @A\ +POL Fh

AFNTLP/HATEP AATTE PTLFADT PUN (1 avl8 ATFAv-:: OTFA aom79® FNTLP OATGRT AATY
AP0 TR AATLNBENFD: HEPTS (TG E 0P AATLNGD LCLAT LI TFDT AL D1BAY-:



FNILPHAFELP AATSE TOE PaomeP 0LA TATHTFD PMPLFD7 TOEPT 0N d@-bT aom? (FFhhd
ANCE aPAA\D-::

+TAF4P AP TIN1LL: (19 4.PSFD- N TG E AdPate aPOTITFFDT AL DAMAU-::

PHY (P91t @A P8, AFAFEP TATHA::

PATL ORI® @4\ +POL AT &C71 7




Annex 2: IRB of Addis Ababa University protocol
approval

@ ADDIS ABABA UNIVERSITY, COLLEGE OF HEALTH SCIENCES (IRB)

20N 20N OLACA L mC AOA hA D
AV AL R T LI L, b T CIA 7l itTbAs

Institutional Review Board

s
posing genes. , SXpress

Decision of the meeting: |ZIApproved [=] Approved with Recommendation

(] Resubmission [_| Disapproved

1. Elements approved- 1. Protocol Version No: 03

. Protocol Version Date: Jan 2018
a lnformcd conscnt Vcrsion No 03

ISR SR, ST S T ~

‘z;ww

II. Obligations of the PI-
1. Should comply with the standard international & national scientific and ethical guidelines
2. All amendments and changes made in protocol and consent form needs IRB approval
3. The PI should report SAE within 10 days of the event
4. End of the study, inciuding manuscripts and thesis works shouid be reported to the iRB
III. TO NERC IZ

Institution Review Board (IRB) Approval: Period from: February 13, 2018 to February 12, 2019
Follow up report expected in: 3 Months 6 Months __X____ 9-Menths _ One year
S Ny,

AN S T2

Chairperson, IRB- e,
Dr. Adamu- qdmﬁe’z L AL P

q Office L
e® k) Slgnaturi

o Aicing *‘-’ Date 'f
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Annex 3: DNA extraction protocol used in the study

DNA isolation protocol from cotton swab and punch opsy tissue

.  Cotton swab
1. Immerse the dried cotton swab in 1.2 mL lysis sotufLysis solution = 10 mM tris-

HCL, 5 mM ethelyne diamine tetra acetate (EDTA) & sodium dodisyl sulphate
(SDS) at pH 8.0 containing 12 pL of 20mg/mL proésia K

2. Incubate at 5% for 6 hours, (and keep it at room temperatureroght if necessary)

3. Remove the cotton swab

4. Add 650 pL cold solution of 8 M ammonium acetatéwili mM EDTA and mix by
gently vortexing

5. Chill on ice for about 10 minutes

6. Centrifuge at 6000 rpm for 20 minutes

7. Transfer 750 pL of the supernatant in to two clé&dnmL microtubes containing 750 pL
cold isopropanol with wide bore pipette tgasd mix by inverting gently several times
(~20 times)

8. Centrifuge at 13000rpm for 10minutes and pour loéf supernatant and invert each tube
and leave to drain on clean absorbent paper

9. Add 1mL 70% ethanol and mix by inverting gently sl times

10. Centrifuge at 13000 rpm for 10 minutes and poutlwfethanol and invert each tube and
leave to drain on clean absorbent paper

11.Re-suspend the pellet in 100 pL 1XTE buffer

[I.  Solid tissue
1. Mince the tissue as finely as possible on cleatepla
2. Transfer it to 15 mL centrifuge tube containing P lysis solution with 12 pL of 20

mg/mL proteinase K

3. Incubate at 5% for 6 hours
4. Add 650 pL cold solution of 8 M ammonium acetatéwili mM EDTA and mix by

gently vortexing
5. Chill on ice for about 10 minutes

6. Centrifuge at 6000 rpm for 20 minutes
g



7. Transfer 750 pL of the supernatant in to two clé&dnmL microtubes containing 750 pL
cold isopropanol with wide bore pipette tgusd mix by inverting gently several times
(~20 times)

8. Centrifuge at 13000 rpm for 10minutes and poutlugfsupernatant and invert each tube
and leave to drain on clean absorbent paper

9. Add 1mL 70% ethanol and mix by inverting gently sl times

10. Centrifuge at 13000 rpm for 10minutes and poutlodfethanol and invert each tube and
leave to drain on clean absorbent paper

11.Re-suspend the pellet in 100 pL 1XTE buffer



Annex 4. List of abbreviated cancer scores

Disease Severity Grade Annotated Score
Normal 0
CIN1 0.5
CIN3 1
Cancer sages 1A 2
IB 2.5
A 3
1B 3.5
A 4
1B 4.5
IVA 5

VB 5.5




Annex 5. Pair-wise comparison of mean parity among
various stages of cervical cancer

Y. groupl group2 p p.adj p.format p.signif method
1 Parity Healthy CIN1 0.096779 1 0.09678 ns Wilcoxon
2 Parity Healthy CIN3 0.058965 1 0.05897 ns Wilcoxon
3 Parity Healthy IB 0.172774 1 0.17277 ns Wilcoxon
4 Parity Healthy IIA 0.080665 1 0.08066 ns Wilcoxon
3.80E-
5 Parity Healthy 1IB 8.47E-07 05 8.50E-07 **** Wilcoxon
6 Parity Healthy IlIIA 0.000132 0.0055 0.00013 *** Wilcoxon
7 Parity Healthy 1lIB 3.18E-06 0.00014 3.20E-06 **** Wilcoxon
8 Parity Healthy IVA 3.67E-06 0.00016 3.70E-06 **** Wilcoxon
9 Parity Healthy IVB 0.02469 0.91 0.02469 * Wilcoxon
10 Parity CIN1 CIN3 0.201137 1 0.20114 ns Wilcoxon
11 Parity CIN1 IB 0.568508 1 0.56851 ns Wilcoxon
12 Parity CIN1 A 0.519124 1 0.51912 ns Wilcoxon
13 Parity CIN1 1B 0.001734 0.071 0.00173 ** Wilcoxon
14 Parity CIN1 A 0.005224 0.2 0.00522 ** Wilcoxon
15 Parity CIN1 B 0.003259 0.13 0.00326 ** Wilcoxon
16 Parity CIN1 IVA 0.005004 0.2 0.005 ** Wilcoxon
17 Parity CIN1 VB 0.127648 1 0.12765 ns Wilcoxon
18 Parity CIN3 B 1 1 1 ns Wilcoxon
19 Parity CIN3 A 0.456612 1 0.45661 ns Wilcoxon
20 Parity CIN3 1B 0.394665 1 0.39467 ns Wilcoxon
21 Parity CIN3 A 0.219165 1 0.21917 ns Wilcoxon
22 Parity CIN3 B 0.527803 1 0.5278 ns Wilcoxon
23 Parity CIN3 IVA 0.80823 1 0.80823 ns Wilcoxon
24 Parity CIN3 IVB 1 1 1 ns Wilcoxon
25 Parity IB A 1 1 1 ns Wilcoxon
26 Parity IB 1B 0.585249 1 0.58525 ns Wilcoxon
27 Parity IB A 0.548006 1 0.54801 ns Wilcoxon
28 Parity IB B 0.430602 1 0.4306 ns Wilcoxon
29 Parity IB IVA 0.627379 1 0.62738 ns Wilcoxon
30 Parity IB IVB 1 1 1 ns Wilcoxon
31 Parity A IIB 0.137259 1 0.13726 ns Wilcoxon
32 Parity lIA A 0.106303 1 0.1063 ns Wilcoxon
33 Parity A B 0.144022 1 0.14402 ns Wilcoxon
34 Parity lIA IVA 0.195402 1 0.1954 ns Wilcoxon
35 Parity A VB 0.354539 1 0.35454 ns Wilcoxon
36 Parity 1B A 1 0.79088 ns Wilcoxon

0.790881
j



37
38
39
40
41
42
43
44
45

Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity

1B
1=}
1B
A
A
A
B
B
IVA

B
IVA
VB
B

IVA
VB
IVA
VB
VB

0.712645
0.525551
0.120891
0.897708
0.363854

0.03489
0.414828
0.400104
0.497029

PR RPRRPRRPRPRRPR

0.71265
0.52555
0.12089
0.89771
0.36385
0.03489
0.41483

0.4001
0.49703

ns
ns
ns
ns
ns

ns
ns
ns

Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon




Annex 6. Pair-wise comparison of mean AAFSI by carmc
stage

Y. groupl group2 p p.adj p.format p.signif method
1 AAFSI Healthy CIN1 0.520245 1 0.52024 ns Wilcoxon
2 AAFSI Healthy CIN3 0.189923 1 0.18992 ns Wilcoxon
3 AAFSI Healthy IB 0.376256 1 0.37626 ns Wilcoxon
4 AAFS| Healthy IIA 0.010068 0.39 0.01007 * Wilcoxon
6.80E-
5 AAFSI Healthy 1B 1.62E-04 03 1.60E-04 *** Wilcoxon
6 AAFSI Healthy IlIA 0.011436 0.43 0.01144 * Wilcoxon
7 AAFSI Healthy 111B 1.91E-05 0.00084 1.90E-Q05 **** Wilcoxon
8 AAFSI Healthy IVA 2.38E-06 0.00011 2.40E-06 **** Wilcoxon
9 AAFSI Healthy IVB 0.072757 1 0.07276 ns Wilcoxon
10 AAFSI CIN1 CIN3 0.180187 1 0.18019 ns Wilcoxon
11 AAFSI CIN1 IB 0.396576 1 0.39658 ns Wilcoxon
12 AAFSI CIN1 A 0.018913 0.7 0.01891 * Wilcoxon
13 AAFSI CIN1 IIB 0.001884  0.075 0.00188 ** Wilcoxon
14 AAFSI CIN1 A 0.024519 0.88 0.02452 * Wilcoxon
15 AAFSI CIN1 1B 0.000541 0.022 0.00054 *** Wilcoxon

16 AAFSI CIN1 IVA 0.000122 0.0053 0.00012 *** Wilcoxon

17 AAFSI CIN1 VB 0.081618 1 0.08162 ns Wilcoxon
18 AAFSI CIN3 B 1 1 1 ns Wilcoxon
19 AAFSI CIN3 A 0.65372 1 0.65372 ns Wilcoxon
20 AAFSI CIN3 1B 0.302781 1 0.30278 ns Wilcoxon
21 AAFSI CIN3 A 0.454661 1 0.45466 ns Wilcoxon
22 AAFSI CIN3 B 0.316834 1 0.31683 ns Wilcoxon
23 AAFS| CIN3 IVA 0.1634 1 0.1634 ns Wilcoxon
24 AAFSI CIN3 VB 0.317311 1 0.31731 ns Wilcoxon
25 AAFS| IB A 0.882146 1 0.88215 ns Wilcoxon
26 AAFSI IB IIB 0.628634 1 0.62863 ns Wilcoxon
27 AAFS| IB A 1 1 1 ns Wilcoxon
28 AAFSI IB B 0.635093 1 0.63509 ns Wilcoxon
29 AAFSI IB IVA 0.505192 1 0.50519 ns Wilcoxon
30 AAFSI IB VB 1 1 1 ns Wilcoxon
31 AAFSI IIA 1B 0.681955 1 0.68195 ns Wilcoxon
32 AAFSI 1A A 0.844063 1 0.84406 ns Wilcoxon
33 AAFSI IIA B 0.836952 1 0.83695 ns Wilcoxon
34 AAFSI 1A IVA 0.446067 1 0.44607 ns Wilcoxon
35 AAFSI IIA VB 0.73007 1 0.73007 ns Wilcoxon
36 AAFSI IIB A 0.462729 1 0.46273 ns Wilcoxon



37
38
39
40
41
42
43
44
45

AAFSI
AAFSI
AAFSI
AAFSI
AAFSI
AAFSI
AAFSI
AAFSI
AAFSI

1B
1B
1B
A
A
A
B
B
IVA

B
IVA
VB
B

IVA
VB
IVA
VB
VB

0.644452
0.700954

0.33402
0.570324
0.302445
0.483323
0.390709
0.422448
0.190381

PR RPRRPRRPRPRRPR

0.64445
0.70095
0.33402
0.57032
0.30245
0.48332
0.39071
0.42245
0.19038

ns
ns
ns
ns
ns
ns
ns
ns
ns

Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon
Wilcoxon




Annex 7. Pair-wise comparison of mean methylation fo
CpG sites in HPV16L1 region by cancer stage

group p.signi
. groupl 2 p p.adj p.format f method
1 HPV16L1.me Healthy IB 0.666667 1 0.667 ns Wilcoxon
2 HPV16L1.me Healthy 1A 0.666667 1 0.667 ns Wilcoxon
3 HPV16L1.me Healthy IIB 0.014706 0.41 0.015 * Wilcoxon
4 HPV16L1.me Healthy IlIA 0.071429 1 0.071 ns Wilcoxon
5 HPV16L1.me Healthy I1IB 0.025641 0.67 0.026 * Wilcoxon
6 HPV16L1.me Healthy IVA 0.016667 0.45 0.017 * Wilcoxon
7 HPV16L1.me Healthy IVB 0.666667 1 0.667 ns Wilcoxon
8 HPV16L1.me IB A 1 1 1 ns Wilcoxon
9 HPV16L1.me IB 1B 0.125 1 0.125 ns Wilcoxon
10 HPV16L1.me IB A 0.571429 1 0.571 ns Wilcoxon
11 HPV16L1.me IB 1B 0.333333 1 0.333 ns Wilcoxon
12 HPV16L1.me IB IVA 0.266667 1 0.267 ns Wilcoxon
13 HPV16L1.me IB VB 1 1 1 ns Wilcoxon
14 HPV16L1.me IIA IIB 0.75 1 0.75 ns Wilcoxon
15 HPV16L1.me lIA A 0.857143 1 0.857 ns Wilcoxon
16 HPV16L1.me IIA B 0.666667 1 0.667 ns Wilcoxon
17 HPV16L1.me lIA IVA 0.933333 1 0.933 ns Wilcoxon
18 HPV16L1.me IIA IVB 1 1 1 ns Wilcoxon
19 HPV16L1.me IIB A 0.969851 1 0.97 ns Wilcoxon
20 HPVi16L1.me 1B B 0.609783 1 0.61 ns Wilcoxon
21 HPVi16L1.me 1B IVA 0.948623 1 0.949 ns Wilcoxon
22 HPVi16L1.me 1B VB 0.5 1 0.5 ns Wilcoxon
23 HPV16L1.me IlIA B 0.732547 1 0.733 ns Wilcoxon
24 HPV16L1.me IlIA IVA 0.658978 1 0.659 ns Wilcoxon
25 HPV16L1.me IlIA VB 0.285714 1 0.286 ns Wilcoxon
26 HPV16L1.me B IVA 0.767498 1 0.767 ns Wilcoxon
27 HPV16L1.me B VB 0.666667 1 0.667 ns Wilcoxon
28 HPV16L1.me IVA IVB 0.933333 1 0.933 ns Wilcoxon




Annex 8. Pair-wise comparison of mean methylation fo
CpG sites in HPV16L2 region by cancer stage

group p.forma p.signi
. groupl 2 p p.adj t f method
1 HPV16L2.me Healthy IB 0.666667 1 0.667 ns Wilcoxon
2 HPV16L2.me Healthy 1A 0.133333 1 0.133 ns Wilcoxon
3 HPV16L2.me Healthy 1B 0.021978 0.62 0.022 * Wilcoxon
4 HPV16L2.me Healthy 1A 0.071429 1 0.071 ns Wilcoxon
5 HPV16L2.me Healthy 1B 0.021978 0.62 0.022 * Wilcoxon
6 HPV16L2.me Healthy IVA 0.030303 0.79 0.03 * Wilcoxon
7 HPV16L2.me Healthy IVB 0.666667 1 0.667 ns Wilcoxon
8 HPV16L2.me IB A 0.8 1 0.8 ns Wilcoxon
9 HPV16L2.me IB 1B 0.307692 1 0.308 ns Wilcoxon
10 HPV16L2.me IB A 0.857143 1 0.857 ns Wilcoxon
11 HPV16L2.me IB 1B 0.923077 1 0.923 ns Wilcoxon
12 HPV16L2.me IB IVA 0.545455 1 0.545 ns Wilcoxon
13 HPV16L2.me IB VB 1 1 1 ns Wilcoxon
14 HPV16L2.me 1A 1B 0.446154 1 0.446 ns Wilcoxon
15 HPV16L2.me IIA A 0.47619 1 0.476 ns Wilcoxon
16 HPV16L2.me IIA B 0.952747 1 0.953 ns Wilcoxon
17 HPV16L2.me IIA IVA 0.635365 1 0.635 ns Wilcoxon
18 HPV16L2.me lIA IVB 0.4 1 0.4 ns Wilcoxon
19 HPV16L2.me IIB A 0.553221 1 0.553 ns Wilcoxon
20 HPV16L2.me IIB B 0.291343 1 0.291 ns Wilcoxon
21 HPV16L2.me IIB IVA 0.722343 1 0.722 ns Wilcoxon
22 HPV16L2.me IIB VB 0.307692 1 0.308 ns Wilcoxon
23 HPV16L2.me IlIA 1B 0.437083 1 0.437 ns Wilcoxon
24 HPV16L2.me IIIA IVA 0.874875 1 0.875 ns Wilcoxon
25 HPV16L2.me IlIA VB 0.571429 1 0.571 ns Wilcoxon
26 HPV16L2.me lIIB IVA 0.627738 1 0.628 ns Wilcoxon
27 HPV16L2.me IIIB VB 0.461538 1 0.462 ns Wilcoxon
28 HPV16L2.me IVA IVB 0.545455 1 0.545 ns Wilcoxon




Annex 9. Pair-wise comparison of methylation levebf
CpG sites inEPB41L 3 promoter region by cancer stage

Y. groupl group2 p p.adj p.format p.signif method
1 EPB41L3me Healthy CIN1 0.852758 1 0.85276 ns Wilcoxon
2 EPB41L3me Healthy CIN3 0.262105 1 0.2621 ns Wilcoxon
3 EPB41L3me Healthy IB 0.026929 0.89 0.02693 * Wilcoxon
4 EPB41L3me Healthy IIA 0.000541 0.02 0.00054 *** Wilcoxon
5.20E-
5 EPB41L3me Healthy 1B 1.17E-09 08 1.20E-Q9 **** Wilcoxon
6 EPB41L3me Healthy IIIA 4.09E-05 0.0016 4.10E-05 **** Wilcoxon
4.50E-
7 EPB41L3me Healthy 1B 1.01E-09 08 1.00E-Q9 **** Wilcoxon
8.20E-
8 EPB41L3me Healthy IVA 1.92E-08 07 1.90E-08 **** Wilcoxon
9 EPB41L3me Healthy IVB 0.021518 0.73 0.02152 * Wilcoxon
10 EPB41L3me CIN1 CIN3 0.18177 1 0.18177 ns Wilcoxon
11 EPB41L3me CIN1 B 0.057753 1 0.05775 ns Wilcoxon
12 EPB41L3me CIN1 A 0.002359 0.085 0.00236 ** Wilcoxon
3.70E-
13 EPB41L3me CIN1 IIB 8.76E-07 05 8.80E-Q7 **** Wilcoxon
14 EPB41L3me CIN1 A 0.00035 0.013 0.00035 *** Wilcoxon
7.40E-
15 EPB41L3me CIN1 B 1.80E-06 05 1.80E-06 **** Wilcoxon
16 EPB41L3me CIN1 IVA 7.22E-06 0.00029 7.20E-06 **** Wilcoxon
17 EPB41L3me CIN1 VB 0.038521 1 0.03852 * Wilcoxon
18 EPB41L3me CIN3 B 1 1 1 ns Wilcoxon
19 EPB41L3me CIN3 A 0.5 1 0.5 ns Wilcoxon
20 EPB41L3me CIN3 IIB 0.466667 1 0.46667 ns Wilcoxon
21 EPB41L3me CIN3 A 0.5 1 0.5 ns Wilcoxon
22 EPB41L3me CIN3 B 0.463768 1 0.46377 ns Wilcoxon
23 EPB41L3me CIN3 IVA 0.4 1 0.4 ns Wilcoxon
24 EPB41L3me CIN3 VB 0.8 1 0.8 ns Wilcoxon
25 EPB41L3me IB A 0.666667 1 0.66667 ns Wilcoxon
26 EPB41L3me IB 1B 0.019048 0.67 0.01905 * Wilcoxon
27 EPB41L3me IB A 0.055556 1 0.05556 ns Wilcoxon
28 EPB41L3me IB B 0.043478 1 0.04348 * Wilcoxon
29 EPB41L3me IB IVA 0.114286 1 0.11429 ns Wilcoxon
30 EPB41L3me IB VB 0.8 1 0.8 ns Wilcoxon
31 EPB41L3me IIA 1IB 0.305786 1 0.30579 ns Wilcoxon
32 EPB41L3me IlIA A 0.317599 1 0.3176 ns Wilcoxon



33 EPB41L3me IIA B 0.444531 1 0.44453 ns Wilcoxon
34 EPBA41L3me IlIA IVA 0.427261 1 0.42726 ns Wilcoxon
35 EPB41L3me IIA VB 1 1 1 ns Wilcoxon
36 EPB41L3me 1B A 0.734719 1 0.73472 ns Wilcoxon
37 EPB41L3me 1B B 0.414295 1 0.4143 ns Wilcoxon
38 EPB41L3me IIB IVA 0.629991 1 0.62999 ns Wilcoxon
39 EPB41L3me IIB VB 0.523377 1 0.52338 ns Wilcoxon
40 EPB41L3me llIA B 0.409052 1 0.40905 ns Wilcoxon
41 EPB41L3me llIA IVA 0.53356 1 0.53356 ns Wilcoxon
42 EPB41L3me llIA VB 0.516667 1 0.51667 ns Wilcoxon
43 EPB41L3me IIIB IVA 0.927902 1 0.9279 ns Wilcoxon
44 EPB41L3me I1lIB IVB 0.663478 1 0.66348 ns Wilcoxon
45 EPB41L3me IVA VB 0.463636 1 0.46364 ns Wilcoxon
By lesion type
. groupl group2 p p.adj p.format p.signif method
1 EPB41L3me normal CIN1 0.852758 0.85 0.85 ns Wilcoxon
2 EPB41L3me normal CIN3 0.262105 0.79 0.26 ns Wilcoxon
3 EPB41L3me normal Cancer 1.30E-167.80E-16 < 2e-16 FkkK Wilcoxon
4 EPB41L3me CIN1 CIN3 0.18177 0.73 0.18 ns Wilcoxon
5 EPB41L3me CIN1 Cancer 8.27E-094.10E-08 8.30E-09 **** Wilcoxon
6 EPB41L3me CIN3 Cancer 0.369289 0.79 0.37 ns Wilcoxon




