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ABSTRACT

Prostateaden@acinoma (PCa) is one amongthe most commorglobal disorders
affectingmenand is a leading cause of cancelatedmortality. In the present study
TP53, PTEN and AR genes in 68stologically confirmedprostate carer patients

and 500 controldrom Pakistanwere investigatedo unravel their role in proste
cancer Exon specific primers were designed for all the exons of the three genes along
with flanking intronic and UTR region§equence changes wendially screeed by
PCRSSCP andhenconfirmedthroughautomated sequencing. Our data shovined

none of thesampleshad a complete deletion @iy of thethree gene. A total of
twenty six novel exonicmutationsand eight novel intronic variantsvere detected in

the target geneslong with the four previously reportecexonic alterations The
intronic variants were observed both in cases and controls and thus were further
investigated for their possible association witie diseaséhrough umnconditional
logistic regression under different genetic mod€élse g.7675016T>A variant of TP53
showed ginificant association with increased PCa risk under allelic contrast
(OR=1.84, 95%CI=1.22.63, pvalue=0.001), heterozygous model (OR=2.25,
95%CI1=1.373.69, pvalue=0.001) and dominant model (OR=2.13, 95%CI=B.28,
p-value=0.001) while & 9.7674991T>Avariant showed positive associatiam all
genetic models except TT vs TC and recessive model. In our studied population, we
observed nosignificant association for §7891382G>A variant of PTEN in all
models except allelicontrast (OR=1.87, 95%CI=1.3B.58, pvalue=0.000), while the
other three viaants of PTEN showed positive correlation with increased PCa risk.
Similarly, both the intronic vaains of AR genewere also found associated with
increasedPCa risk. The AA genotypes of g.67637091T>A variamd CC of
g.67724021T>C varianare more common in casddomozygous individuals for A
allelehas 3.68 times higher risk of prostate cancer.

Majority of the mutations are novel and thus establishing their pathogenicity is of
prime diagnostic importance. domprehasive structural and functionannotation
was therefore reported in the present stfmtythe observednutations through the
applicdion of bioinformatics approachek was noticed thab/8 of TP53 mutations
(P152A, T170M, E171R, H179Q and V203G), 7/9 of PTEN mutations (A86P, E91K,
H93Q, Q97H, E99X, H272F and E288F), while 11/13 of the AR gene mutations

Xi



(1870fs, 1870_splice, D880Y, B&X, 1900V, S909C, K906N, L908P, V912G, 1915F
and Y916S) were predicted to endorse changes in ttspatve protein structure and

thus are functionally damaging.

Phenotypic data was collectadintegration withthe genotypic datadm all the study
paticipants and was statisticallgvaluated for their correlation and impact on

i ndi v isdruvall Ags, smoking CVDs, BMI, day products consumption,
physical activity, family history and hypertension was observed responsible for
increasing prostate weer risk under urvariate and midi-variate models The
diabetic patients were observed at lower risk of having PCa while others risk factors
were found nofrassociatedOverall sirvival analysisshoweda median survival time

of 21 monthsfor the PCa pagints Q5%CI= 1826).Intragr oup di ff er ences i
survival after adjusting foconfounderage were confirmed through proportional
hazard modellt was observed thage, BMI, smoking, prostectomy armmuhysical
activities are associated with survival probability while the rest of risk factors have no
effect on survival. It was further noticed that diabetic patients has better survival
length as compared to the ndiabetic counterpartsOur results eludate the
significance of combining molecular andin silico approaches to fully distinguish
pathogenic mutations from beniguhich will have profound effectsn the patient

management.

We alsohavedevelopedan integrated platformpakprostate.com durintpe course of
study to provide usetthe facilityto search literature, genes, drugs, to have access to
download verified dataset, can upload deaga apply basic staand visualize data just
on click of a button. The repository pakprostate is freelyl@va online at the URL

www.pakprostate.com

Casecontrol amples were collected from all the four provinces of Pakistan including
Capital territory, Gilgitbaltistan andashmir. It is thus hoped that, this sty is a

good representation of Pakistani population.
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Chapter 1

INTRODUCTION

Cancer is a highkproliferating disorder, with the involvement ofellular
transformation, dysregulation of cell proliferation, apoptosis, invasion, angiogenesis,
and metastasiRies et al., 200EIShamy and Duhe, 2013The mortality rate differs

in economically developed and the developing countries, leading cause in the former
and second leadg mortalty cause in the latterThe cancer burden is rapidly
increasing inthe developing countries as a result of population aging and growth,
along with the adoption ofanceroriented lifestyles, which includes indulging in
smoking and westernized dis Remainingphysicaly inactive for long periods of

time also contributes to cancer developn{detnal et al., 20)1Cancer research is in

an exciting phase of its evolutigkhan et al., 20183and it is nowclear that the root

cause of all types of cansearegenetic mutation§Stratton et al., 2009

The most common form of cancer in adult mage®rostate adenocarcinor(tdsing

et al.,2000, the number is stilsignificantly increagng andthusalsoincreasing the
level of morbidity and mortality amongen around the worl@emal et al., 2005
Globally, it ranks third in cancer incidence and sixth in relevant mortality and this
figure is increagng rapidly as the population continues to grow over the age of 50
(Van Haute et al., 20)0In Pakistan, prostatadenocarcinoma is extremely common
like the rest of the worldt ranks third most common cancer diagnosed in males with
a ratio of appoximately 7% of all malignancie@hmad et al., 2009Bashir et al.,
2014. Therefore there is a great need to improve the standard of diagnosis

prevention andimely treatment of thenostate cancer.
1.3 Overview

The prostate is an exocrine gland, conserved in all male mammals. It is not essential
for the survival, but plays an important role in sexual reproduction and thus its
excision abolishes fertilization through the natural w@gsnal et al., 20)11t is also

a fiboromusculastroma organ, surrounds the urethra just below the bladder. Together



with the seminal vesicles, it produces the gross of seminal fluid, or ejaculate, released
during the emission phase of copulation. Its secreted fluid contains citric acid, lipids,
proteoltic enzymes including PSAGsur et al., 2002 acid phosphatase etevhich

are necessary for the motility and viability of spe(fennefather et al., 2000
Kavoussi and Wein, 200.7Development of the pstate gland depends on androgen
and its early events are regulated through the AR (androgen receptors) in
mesenchymal cell§Prins and Putz, 2008 Other steroid receptors like ER and
retinoid receptors also contribute to the differentiation aratphogenesis of the
prostatgPrins et al., 2002

Prostatic intraepithelial neoplasia (PIN), invasive cancer and androgen dependent or
independent metastasa® some of the defined states of Prostate cancer development
(Scher and Heller, 2000 Human tumors are heterogeneous and eviiveugh
dynamic genetic mutations and selections but unfortunately their underlying genetic
mechanisms remains poorly understood. PCa is also dynamghawda wide range

of clinical behavias, startingfrom slowgrowing tumors of no clinical signifeme to
aggressively metastasizing, eventually leadintetival disease. HumaRCaconsists

of a mature luminal phenotypend is characterized by the expressioranflrogen
receptorand PSA production(Roudier et al., 2003 Accumulation of somatic
mutationsin prostate progenitor cells tonsiderd a major factor whil@etermining
theaggresivenes®of PCa(Lapointe et al., 2007

PTEN (phosphatase and tensin homolog) gene, a tumor suppressor, is alsthene of
most common inactivatediyst or mutated genes in humamcarincluding prostate
cancer(Steck et al., 1997 Aberrations in PTEN accounts for approximately 70% of
the prostee cancergSircar et al., 2000 It functions as a major regulator of multiple
signaling pathways controlling cell proliferation, survivahd size(Keniry and
Parsons, 2008 Constitutive abnormd?I3K activation of the signaling pathway is an
established consequence of PTEN inactivatmhich is responsible for the
uncontrolled cell growth, proliferation, drsurvival (Stambolic et al., 1998

Aggressive forms ohuman PCa is characterized mg$ of PTEN and mutation of
TP53(Schlomm et al., 2008TP53 is a tumor suppressard encodes transcription
factor which isactivated inresponse to differenstresseson cellular leveland

enforcesmultiple anti-proliferative functiongVogelsein et al., 200p It is one of the



major cell cycle regulators preventing abnormal cell proliferation and guarantees
genome maintenance following cellular sgs€¢Bhattachayya et al., 200D Recent
genomic profilingresearch has shown some significant numbepp§ number loss

of TP53which could behomozygousr heterozygousSuch losses were shown to be
present in 21% of PCa cases withinpary prostate cancerf§aylor et al., 201D
Somatic and germline TP53 alterations are frequent in most humaersgHainaut

and Hollstein, 1990 However majority of the TP53 alterations are found out to be

missenseaubstitutionsvhen compared to other tumor.
1.4 Statement of Problem

Modern cancer research mainly focuses on the identification of underlying biological
mechanisms for the acquisition of motility and invasiveness in cancerous cells. It is
generally believedhat cances usually involvealterations in different genes and
multiple associated SNPs have also been reported. Genetic screening of different
cancers is therefore essential to better understand the scope and magnitude of the
mutations and the complexas created by them. The task can be challenging because
presence of mutatioare not always problematic and thus we also have to focus on
the frequency and functional impact of the mutations. Furthermore, some mutations
also have indirect effect so effecive measurement should include the
interrelationships between different mutations and it is thus hypothesized to provide a

foundation for better therapeutics against cancers.
1.5 Purpose of the research

Cancer is an overwhelmingjobal problem for milliors of people and their families

who are forced to face it each year. Prostatieceris male specific whictstarts its

growth in the prostate gland situated in thelen@productive system. This is an
exocrine gland located directly under the urinary bladder in front of the rectum. It also
produces a fluid which is part of the semen, protecting and nourishing the sperm. As
the urethra goes through the prostate, itise avolved in urine control. PCa is the
second most frequently diagnosed cancer and the sixth leading cause of cancer death

in males worldwide.


http://www.medicalnewstoday.com/info/cancer-oncology/

The ains of this dynamic studgre

1. Screenng of different subethnic groups of Pakistani population forPE3,
PTEN and AR gene mutations

2. Screenng of Pakistani population for prostate associated and population

unique polymorphism in prostate adenocarcinoma

3. To computationally analyze the effectaliserved genetic alterations TP53,
PTEN and AR hub proteins on the individual protein structure and function
and also on the proteprotein interactiogin the relevant pathways

4. To investigate the potential association of varioosicsdemographic and

clinical factorswith prostae cancer in Pakistani population

This research on genes linked to prostate cancer will help to better understand how
prostate cancer develgpswill also help to provide answers to the genetic alterations
leading to PCa.

1.6 Applications of the research

In majority of human cancers, mutations arise in a single or few cells circumvented by
unaffected neighbors. Expansion of mutated cells can sanction the accumulation of
supplemental mutationg his researchwill help to better understand how prostate
cancerdevelopsand alsowill provide answergo the genetic changes that lead to
prostate canceiGenetic and genetiepidemiological research will be performed to
identify and assess genetic factors involved in prostate cancer and will also provide a
strong foundation tenake it possible to design better and more effedtieeapeutic

strategies



Chapter 2

LITERATURE REVIEW

2.1 Prostate Cancer

Prostate cancer is the second most freduehiagnosednalignancy in meraround

the world (Jemal et al., 20)1 Carter and his colleagues for the first time classify
prostate cancer into three categories on the basis of on family history i.e. hereditary
prostate canceramilial and norfamilial or sporadicprostate cancefCarter et al.,

1993. It is well estabkhed that, both thencidence and mortality rates pfostate
cancervary considerablyamongdifferent countries anéthnicities.The highestate

been observed iAustralia New Zealandyestern Europe andorthern AmericgXu

etal., 2013

Although, incidenceand mortalityrate of PCais comparatively loweiin Asia, but
unfortunately rate of qpstate cancer in most native Asian p@pioins have gradually
increasedn recent decaddto, 2014. A number of riskfactorsmay contribute to the
incidence ratesf prostate canceincluding genetic factorgging, Western dietetc.
(Xu et al., 2013

2.2 Genetic alterations

2.2.1 TP53

The p53 codon 72 polymorphism, eitherdependently or in integratiowith p21
C98A and C70T polymorpbkims alters prostate cancask in Slovak populationp53

and p21 genes were gontyped throlglR-RFLP in 300 prostate cancer patients and
446 healthycontols and it was established that none of tineee SNPswere
correlatedindividually with the prostate cancer riskOn the contrary interaction
between th&&NPs of both the genes collectively decreased the risk of having prostate
cancerwith the oddratio of 0.490.27-0.86 for cases havinghe p53 codon 72
Arg/ Pro+Pro/Pro and p21 C98A CA genotyp€gnotypesof p53 andp21 showed



nonsignificantdifferences in Gleason scaaaed PSAevels (P>0.05fSivonova et al.,
2015.

The associatiorof p53 P72R polymorphismwith prostate cancewas studied in a
metaanalysisto evaluatetherisk by usingmetaregression, Galbraith plotsylsgroup

and sensitivity analysislhe studywas based upoh7 casecontrolstudiesncluding

2,371 cases and 2,854 control$eir results showedo associatiorbetweenp53

codon 72 polymorphismand PCariskin all genetic models. When limiting the
analysisto thestudiesfollowing the HardyWeinberg equilibrium, significant
associationwas observed irthe pooled analysiin Caucasian population in -co
dominantmodel( OR = 1. 57, -292%, CIP = 10..08 7) and
(OR = 1.60.12292%, CIP = D.009) . I n subgroup
stages and Gleason grades, a slight but significant association was found when
advanced PCa was compared with | ocalized
95% Cl-22B8., 02 =smdaartalystsyuggestEcdthat the Riree/Prdine

genotyps were associated witlthe increasedisk of PCa amongthe Caucasians

(Lu et al., 2014

The transformed phenotypes resulting from the deletion of tumor suppressors PTEN
and TP53 in prostate epitheliwwere characterizedvhich described the histological

and metastatic characteristics of primary tumdree studyshowed that tumor
heterogeneity resulted from the transformation of rpdtent progenitorgMartin et

al., 201).

Ecke and his cavorkersmeasuredhe prognosticvalue of TP53 mutations and PSA

in PCa patientsby using ninety tissue samples of patientsaving radical
prostatectomy. TP53 mutations were screened through temperature gradient gel
electrophoresis (TGGE) via exon specific manner. In 35.6% patients, TP53 mutations
were detectednd it was observed that mutations in exon 7 and 8 mainly contribute to

tumor progression in PG&cke et al., 2010

Zheng along with his cworkersscreened samples of 84 prim&¢a and detected
nine somatic and two germline alterations of TP53 in the sam@. They observed
one novel germline mutation (cA408T/p.GIn136His) and two novel soneat
mutations (cI'1022G/p.Phe341Cys and c¢.1089ins22/p.His37fsX13)t was further



observed thaffTP53 andCHEK?2 mutations were mutually substituted in these tumors
in at least 25% athe case$Zheng et al., 2006

TP53 mutations can occur in about 1/3 of the early sfagstate cancer cases.
Expression of HPV EG6 or over expressionMPM 2 contribute tothe loss of TP53
function High levels of TP53 mutation were observed in normal prostate gisfue
prostate carer patients Prostatic intraepithelial neoplasadditionally accusingp53

mutatiors or loss as a primagrent in tumorigenesi¢Downing et al., 2008

The pattern of TP53 mutations in primary PCa digtant metastasesas studied
usingPCRSSCP and sequencing methods to analyze TP53 ex8rnis 57 patients.
Transitionsof GC pair to ATwere the most common (64%§/11 of the transitions
wereoccurred athe CpG dinucleotides in five hespot codons1(75, 245, 248, 273,
and 282). Theeresults suggest that specific mutatimisTP53play role inprostate

cancemrogressior(Navone et al., 1999

Anotherstudy characterize@ group of 86 patients treated with radical prostatagto
to determine the potential role of TP53 inactivationA@a. They explored the
patterns of p53, mdm2 and p21/WAF1 exgsien by immundistochemistry and
found an association between pp®sitive phenotypeand decreased time to PSA
relapse (P < 0.0l addition top21-positive phenotype and high Ki67 proliferative
index.They hypothesized that PCa pathway progression involves p53 irexctidae
to mdm2 overexpression astimmarized thamutationsaffecting the p53 pathway

arecommonevents in prosite cance(Osman etl., 1999.

The differences in TP53 mutation spectra of PCa in betwepulations oflapan and
Western countriesrere explored by a group of researchéwscording to the study,

PCa is morecommon neoplasm in USA and iiequencyis comparativelylow in
Japan. Its frequency is increasing in Japan with the adaptation of western life style.
They examined a series of 90 lesions through SRPand found thasix of the

total was well, 34 were moderately and 50 were poorly differentiated
adenocarcinmas.Median Gleason score was recorded as 7.9. 12% of the cases had
mutations in exons -21. Ten substitutionsin addition with aninsertion were

encountered. The greater proportion of transversions in the Japanese population



suggests that different factoare responsible for prostate adenocarcinoma in various
countriegWatanabe et al., 1997

TP53 mutations in human prostate adenocarcinermage characterizedo analyze
alterations in exons-41 of TP53 mRNA in 44 prostate tissue samples and 4
metastaticesions from PCa patients who had surgical resection. TP53 expression was
analyzed by PCR, followed by confirmation through Southern blotting. Two
overlapping regions i.e. exonstdand 611 were analyzed through n@otopic PCR

SSCP system. All the specsms with detected alteration through SSCP were
sequenced hilirectionally to confirm the results. 6% of the specimen displayed nearly
undetectable expression and 35% expressed mutalRMA encoding amino acid
substitutions within exons-#1or deletions witin the TP53 transcriptyhe A>G or

T>C transitions were the most frequé@hi et al., 19941

2.2.2 PTEN

The association between PTEN genomic deletiod a higher Gleason score or a
higher possibility of capsular penetratiaas elucidated im systematicThe overall
metaanalysis demonstrated that PTEN genomic deletion was associated with a higher
Gleason scorOR=0.319 95%CI1-0.1530.666;P = 0.000) and a higher pobgity of
capsular penetratio®R=0.393 95%CI=0.1850.837;P = 0.015). None of the studies
materally altered the original results and no evidence of publication bias was found
(Wang and Dai, 2015

Williams and his grou@nalyzed theecurrentcopy number alterations iRCa Their

study comprisedll publicationsncluding 662 cases They identified five genomic
subgroupswith majority of the sample$having abnormalprofiles with gains of 8q.

The most common loss was & NKX3.1. The distribution in other genomic
subgroups was characterized by losses at 2q, 3p, 5q, 6q, 13qg, 16q, 17p, 18q, and
PTEN (10q), and acquisition of 21q deletions associated with the TMRRBS2

fusion rearrangementt was observedhat PTEN deletion waadequatgo enforce

higher levels ofcopy number alterationg~urthermore the overallratios of the
genomic alterations werggnificantly higher when PTEMas deletedWilliams et

al., 2014. The inactivation of PTEN gene is heavily implicated in PCa while



up-regulationof the chemokine receptor (CXCR4) is linked with the progression
and metastasis of PClaoss of PTEN tumor suppressor function is mainly duhéo
genetic and epigenetic variations, as well as active site oxidation by &@8am et
al., 201).

The potential prognostic role of the combined variations in PTEN and EGFR, their
prevalence, soatic mutations, amplification and expresswas investigate in a
series of prostate cancer tridlsght EGFR andhreePTEN mutationsvere detected

in 98 and 92 prostate adenocarcinomas respectivelymitheal prevalence of both

the genes was observil%. Mutations in EGFRPTEN signaling pathway represent
1/3 of the prostate adenocarcinonf@s Muga et al., 2020

The frequency of PTEN gene mutations in PCa has not been well studied in Asia.
Fifty one Iranian patients with PCaere analyzedo scrutinize the role of PTEN
aberrations in tumor progression. Formdlked PCa specimens were used with the
age of the patients ranging from 57 to 82 years. The-BS®P analysis revealed
band shifts in 6 tumorsamples,two in exon 1, ae in exon 2 and three in exon 5
(Pourmand et al2009.

Thirty two Chinese patients who were not diagnosed through the PSAvésst
analyzedto clarify the role ofPTENin primary PCa.Six cases from the American
patients who died of prostate caneegre also analyzedt is unknown whether the
rate of PTEN mutations is different in PCa from Asian compared to Western men.
Five of the 32 primary PCa from Chinese men and two of six metastases from
American men displayed mutations in 10 codonP®EN It was concluded tht
mutations ofPTEN occurs more often in primary PCa of Chinese population whose
tumors are high grad®ong et al., 20011

2.2.3 AR gene

AR mutations arenfrequent in organanfined tumoran Caucasian Americandut
occur at a higher rate in advancgdge Somatic missense mutations wetentified
at a higher rate idfrican Americang17/200) than inCaucasian American&/100).
In Caucasian Americanghe majority of these mutations (41.1%gre from Gleason

7 tumors Germline AR mutations were alsapproximately 4 timeshigher in



Caucasian American3he expression of Allele of E213 (G/A)polymorphsm was
5.85 times higher incontrol samples ofAfrican Americansthan in Caucasian
Americans Silencing of Ser597Glysomatic AR mutations irEOO6AA cell line
revealed thatnalogousAR mutation can be associated simultaneously with both

"gain-of-function” and a "losof-function" phenotypé€Koochelpour et al., 2014

Sun and Leaimed to evaluat the effects of (CAG)n repepblymorphisms on the
prevalencef PCa in anetaanalysis included 47 studiesmprisingl3,346 cases and
15,172 contrad. The study also includeXl reports on Caucasians, ten on Asians, one
on Hispanics and four on combined ethnic groups. The carriers of a shorter CAG
repeat sequence had an increased risk of prostate cancefl.@BRI5%CI=1.10
1.34) regardless of the length of CAG repeahe riskof carrying a shorter C&
repeat was 1.10.83timeshigher tharcarryinglonger repeat sequence in Caucasians
and AsiansCarriers ofless thar22 repeats were observed hmayhigher risk (OR:
1.16 95%CI=1.041.29) than those having more th&@AG repeat polymorphisms.
This study proposethat shorter CAG repeat polymorphism increageostate cancer
risk, mostly observed inAsian andCaucasiangSun and Lee, 20}3Study groups
with more tharn20, 22 and 2L AG repeatsvere compared with carriers having less
than20, 22 or 23epeatsn another studyit was observed thaarriers of 20, 22 or 23
repeats had 21% (P = 06)75% (P = 0.508) and 5% (P = 0.68&jlucedisk of PCa
After categorizingstudieson the basis ofyeographicdistribution carriers of 20
repeats had 11% decreased riskh@ USA population, 53%n Europe, and 20%n
Asia (P > 0.05) Stratification by study desigrshowedno substantiathanges in risk
estimation(Gu et al., 201

The possibility of AR gene mutations in association wimifial PCa in Afre
Americanswas examinedn sixty cases from thirty highisk Afro-American and
Caucasian families through exgpecific PCR, bdirectional sequencing and RFLP
genotyping.A germline substitution (A1679T559S) was identified in the DNA
binding domain in threecases The saidmutation contributedo the disease by
modifying the DNA-binding affinity and/or its response to androgevisre research
is desiredto explainthe incidenceand role of A1675T allele in the early onset and
familial prostate cancelin Afro-Americans (Hu et al., 2010 AR selectively

up-regulates the gms governing Mphase of cellcycle in androgeindependent
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cells. Epigeneticscriptsat the UBE2C enhancezxplicitly histone H3K4 methylation
and FoxAl transcription factor bindiragepresent in androgeindependent cells and
direct ARenhancer binding and UBE2C activatidincan thus be concluded th#tge
role of AR in androgeindependent cancer cells is not goide the androgen
dependent gene expression without androgen, but éocuex adifferent package

resulting in androgemdependent growtfLapointe et al., 2007

Three novel splice variants of AR gewere identifiedwhich were lacking the AR3,
AR4 and AR5 liganebinding domains in hormone insensitipeostate cancetells.
Immunchistochemistry analysiof 429 prostate samples itissue microarrays
showed that AR3 wasignificantly upregulated during progressiaf PCa and its
expression isassociatedvith the tumor recurrence risk after radical prostatectomy.
AR3 may also play a distinct butital role in ablatiorindependentprogression

through the regulation of a unique set of genes, including A&l et al., 2000

Waltering and his colleagueshowed through mroarraybased transcript profiling
and subsequent hierarchical clustering thtrougsupervised learningpat, LNCaPR
ARNhi cells groupedwith VCaP cells. These cells contain endogenous AR gene
amplification and overexpression, indicatingdtscialrole in overall gene expression
and regulation irprostate cancefTheir results confirm that, overexpression of AR
gene sensitize castratioasistant PCa cells to the low levels of androg&valtering

et al., 200%.

2.2.4 Computational Aalysis

Hub proteins are considered key players in preserving the functioooastancy of
the proteinprotein interaction (PPI) networkt is therefore essential to study BPI
from a structuraperspectiveo unravelvaluable informationPPIl complexes of hub
proteins of human NRRTK network have already beenpredicted through
comparative modeling and docking studies.The key role of Estrogen
receptofl in signal transduction between humauclear receptors anBeceptor
Tyrosine kinasedave also been explorddrough structural analysis. The predicted
method requires humanterpolationandverdict but candetectthe interactionghat

could occur simultaneous(fhoura and Rebai, 2011
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The evolutionarystudy of TP53 and MDM2 genesto predict their role in
tumorigenesis using silico methodsshowed higher sequence similarity across the
mammals. It indicates that these species probably share cancer causing mechanisms.
They observed five clusters each in their individual unrooted trees. However, in
contrast to MDM2, TP53 was found in a large number of species. It is therefore
evident that,these genes play an important role in the process of tumorigenesis

(Jayaraman et al., 20111

High-throughputproteinprotein interactionstored in public databasegere studied
in the context of metabolic teorks. Topological distance basedassiication of
reaction pairs revealed higheate of enzymeenzyme interactions (EEI) for directly
neighbored reactionsRandomized networks were examined tletermine the
potential functional effects of these interaons It was proposedhat a functional
significance of EEI could beestablishedfor those exhibiting low connectivity
(Huthmacher et al.,@7).

A phylogenetic analysis of the TP53 coding sequences from 32 vertebrate species
showed that directional selection can affethe codons and thus influendbe
efficiency of TP53 product binding to the DNA as a transcription fattahowed

that the frequency of generative mutations statistically differs from the frequency of

loss of function mutations in conserved regi{Pmtus et al., 2006

2.2.5 Risk Factors

Dairy products andcalcium consumption inassociation withprostate canceaisk
based onthirty-two cohort stuges revealed ts estimated Risk Ratios by using a
random effects model, for total milk [1.03 (1-Q@®7), lowfat milk [1.06 (1.011.11)
per 200 g/d], cheese [1.q2.021.18) per 50 g/d], and dietary calcium(.(1.02
1.09). They foundstatistically significant association with increased PCa (dgkne

et al., 201%

Davis and his groumnalyzedthe prevalence ofardiacrisk factors in nen with
localized prostate cancer undergoing androgen deprivation therapy in British
Columbig Canada. Data on CV risk factors and disease were collected and
Framingham risk scores were calculat€étde median age of the study cohort was 73

years.According to their study stablishedCVD was present in 25% of patients.
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Among patients withau established CV disease, calculated Framinghskwas
higher in 65%, intermediate in 33%, and low in 1%. Baseline hypertension was
present in 58% of patients, dyslipidemia in 51%, and diabetes or impaired glucose
tolerance in 24%. Hypertension was m@revalent in the study cohort than in an
age and sexmatched population sample (©RL.74, P = 0.006); diabetes had a
similar prevalencdOR = 0.93, P = 0.§Pauvis et al., 2016

Coffeeconsumptiorand prostate cancer risk was studied inneetaanalysis of
prospective cohort studies including 8973 cases and 206,096 partidjyansng
random effects model toomputethe poded risk. A pooled relative risk of PCa as
OR=0.88 (0.82.95) was observedor regular coffee drinkersand thusit was
concluded tht coffee consumptiois inversely associated withCarisk (Cao et al.,
2013.

The associationf tobaccouse andPCa mortality and incidenagas investigateth a
metaanalysisconsisted ob1 articles having 11823 deaths, 50349 incident cases, and
4,082,606 cohort participant€urrent smoking wasbserved positivelyassociated
with an enhancedrisk of PCa death(OR=1.24 95%CI-1.181.31). It was thus
concluded thata modest but statistically significant associatexists in between
smoking and fataPCa(lslami et al., 2014 Huncharek and caworkers assessed the
correlation between smolg and PCa in metaanalysiscompised of 24cohort
studies including 2157@ases. Relative risks and 95% CI were individually calculated
for incidence and mortality. Current smokers were foundsignificantly associated
with increasedisk of PCancident(RR=1.04; 95%CI|=0.824.24)in pooled analyis

but were found significantly associated whdata was stratified by amountof
smokng. In comparison, drmer smokersvere having anncreasedisk (RR= 1.09
95%CI=1.021.16).Smokers with higher smoking ratibad acomparatively elevated
risk of 24-30% ofdeath fromPCathan norsmokergHuncharek et al., 20)0

The 8924 (rs4242382) SNP was genotypef€hinese men (335 PCa cases and 347
agematdied contrad) by using polymerase chain reactidngh-resolution melting
analysis. The associatiorbetween minoallele and PCaisk along with clinical
covertswereanalyzed In addition, theyalso performed eetaanalysisto define the

associatiorbetween PCa risk antle risk alleleby using genotyping data of 1793
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cases and 1864 controls from their own and previously publshdiésn American
and European populationghe prevalenceof risk allele wascomparativelyhigher in
cases QR=0.222 P=7.3) The resuk thus suggesting that theolymorphism
(rs4242382A) was associated witiseaseiskin Chinese memn dominant genetic
model (OR=2.0395%CI=1.422.9]). Therisk allele was alsdound associated with
clinical covariatesincluding age atdi agn o s i s PSA 619ng/yle @eason
score <8, tumor stage and aggressive H@astudyconfirmedthat there is a direct
link in between rs4242382& polymorphism and PCask (OR=1.62 95%CF1.39

1.88 acrossAfrican American, Caucasian avgianpopulationgZhao et al., 2013

Participants of theHealth Professionals FolloWp Study were scrutinizetbr any
possible association between lethal prostate cancerdamg product ingestion.
Thegroupcomprised of 918 menwith localizedPCafrom 19862006 and followed
to 2008.Total milk and dairy intke was observedot associated with iacreasedisk
of lethalPCa It was further stated thaten with higher whole milk intake were at
greatermisk of progression (HR=2.1305%CI=1.28-3.60; Ryenq)< 0.01)(Pettersson et
al., 2013. Anothermetaanalysisof Milk consumption a a risk factor for PCa in the
United Staes including published studies between 1984 and 2@0®wed their
combined resultas OR4.68(1.342.12). Only little variation was observed after
results stratificationlt wasconcluded that there exists a positive association between
milk consumption ad PC&Qin et al., 2004

In King County, Washingtona population based caseontrol studyof black and
white men having confirmed PCages ranged fromd0-64 years(19931996) was
conducted.The study included 75%asesfrom SEER canceregistry and 703 age
matched ontrols Risk factors included in the study were medical histogxual
behavior and dter potentiaPCarisk factors. They reportecho associationbetween
sexualorientation and®Ca. The isk directly increases with the lifetime number of
female sexual partnef®< 0.00) but not with male partners £p.62).The hazard
increaseswith decreaing age at first intercourse, butetkrend disappeared after
adjusting for the numbef female partners. Prior infection with gonorrhea was
positively related to PCa risk (OR=1.50 95%CI=1.0-2.2), but other sexually

transmitted diseases were foumal associatedFurthermorethere was naorrelation
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between lifetime frequenayf sexualintercourse andsk of PCa(Rosenblatt et al.,
2001).

Cerhan and his eworkersaralyzed datdrom 1050 men agetletween65-101 years

with no knowncanceiin the past 10 yeaira 1982 There were 71 incidesibf PCa in

1993 They recordedhat cigarette smokinRR=2.9) for currentsmole r s t 20ki ng O
cigarette&ay, Higher BMI (RR= 1.7 and higherlevel of physical inactivit{RR=

1.9; Rueng=0.05)areself-determiningpredictors ofPCa Percent change in BMI from

age 50 to baseline wagpositively linked with enhancedrisk (P= 0.01) and

the associatiorseemedtrongelin heavier merfCerhan et al., 1997
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Chapter 3

METHODOLOGIES

3.1 Construction and analysis of interaction network
related to PCa

Prostate adenocarcinomgsone of the most commatype of cancers and a leading
cause of cancerelated deathen men (Leongamornlert et al., 201 afrihi et al.,
2013 Khan et al., 2018 Due to the complex origins and causes of PCa, pinpointing
the root cause of disease is difficult, but PCa often redultsto diverseisk factors
including a@, aulture, environmentafactors and genetiomutations(Zhang et al.,
2012. Epidemiologically, PCa can be classified into rareetigary and much more

common sporadiforms.

Expression profilingusing microarray haswiftly emerged as a potent tool to reveal
multiple gene expression signatures associated with different disorders, including
cancerqLaTulippe et al., 2002Singh et al., 2002Glinsky et al., 200% Global gene
expression analysis and the use of microarray databases have allowed the
simultaneous identificationf hundreds and thousands of genesiciwlis helpful for
identification and screening of genes that show changes in express§t@a(Martin

et al., 201). However, the determination of a unique set of regulatelgtions based

on obseved changes in gene expression is difficult due to Aeitl complexities.
Network analysis can be progressively applied to genaide expression profiles to
explore regulatory associations amongst genes and to comprehend the root causes of
multifarious diseasefChen et al., 2008This study involves microarray data analysis

of multiple datasets integrated with text mining of online literature repositories to
identify vital proteins andegulatory pathways that are associated with PCa. The
molecular linkages among these pathways were then further evaluated by topological
investigation of protehprotein interaction networks of the translated protein products

of causal or susceptible genegolved in PCa development and progression.
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3.1.1 Prostate cancer expression profiles:

Expression profiles GSE27914, GSE35373, GSE35324 were downloaded from the
online public functional genomics data repository Gene Expression Omnibus of the
National Center for Biotechnology Information (NCBI GEO,
http://www.ncbi.nlm.nih.gov/ggdo These expression profilewere based on the
Affymetrix GDS4159, GDS4158, GDS4123 platform data (Affymetrix Human
Genome U133A), andonitained15, 16 and 5 samples respectively.

3.1.2 Expression profile prprocessing:

The original .CEL (Roudier et al.,, 2003files and platform probe annotation
information files were downloaded for the next step. The raw dattransformed

into expression values using the affy package in R environment, followed by
standardizatiof absenparts of the data. Expression datasthen normalized using

the normalization method of the affy package.

3.1.3 DEG Analysis:

Significance of diférentially expressed genes (DEG&tween the disease samples
and controlswas tested using-test through MeV 4.9 (Molecular Environment
Visualizer), which is freely availabkoftware that is mainly usddr the investigation
of microarray data, and primes different analysis functionalities. Variance filters
were applied to the datasets followed byMeans clustering to cluster the-ugnd
downregulated genes from all three datasets.

3.1.4 Intersection of DEGs from the processed expression profiles:

Intersetions of differentially expressed genes from the three microarray datasets were
determined through BioVenmgvw.cmbi.ru.nl/cdd/bioveni/to strengthen the odds,

and only those geneagere processed in suligeent stepsThe DAVID (The Database

for Annotation, Visualization and Integrated Discovenstjf://david.abcc.ncifcrf.ggv

Gene Functional Classificatiofool was used for functional annotatiohtbe DEGs
dataset. This tool uses a clustering algorithm to sort a gernar listated biological

terms into classes of associated genes or terms, called biological modules. This tool is

a potent method for grouping functionally associated genes ands tgrm a
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convenient number of biological modules for th#ective elucidation of gene

datasets im network perspective.

3.1.5 Mining of candidate PGCassociated genes from the

literature:

Candidate PGassociated genes were extracted from online literaturesitepges

through PolySearch hitp://wishart.biology.ualberta.ca/polyseaj¢chivhich is an

online text mining tool specificallgesigned for the extraction and analysis of-text

derived relatioghips among human diseases, organs, 8ssgenes, proteins,

mutations, SNPanetabolites, drugand pathways from multiple databases including
PubMed, DrugBank, SwissProt, HGMD and Entrez S8Reng et al., 2005We

used the PolySearch minisgstem to extrad®Caassociated gendxsy using query of

60Di sséamse/ Protein AsssoguatyorkGeywodd tdpr os
PolySearch returned 48aublications after an initial search whickere manually

checked to confirm accuracy. A ligtf 47 candidate PCassociated genewas
compiled(Table3.1)

3.1.6 Extraction of most important candidate genes from the

expression profiles and tegerived gene list:

DEGs extracted from the expression profiles were compared with theerxed
candidate PGassociated genes list to-ecenfirm the significance of identified genes.
The candidate genes that were commohadth listswer e t er med as fAmos

geneso
3.1.7 Scanning PPIs through STRING:

In the cell, proteins may have multiple functional associations, many of which serve
regulatory purposethat in turn can be part of networks. The size and complexity of
these networks provides an exceptional opportunitygdom deeper insights into
genomes(Pattin and Moore, 2009Szklarezyk et al., 2011 The PCaas®ciated
candidate genesvere transformed intoseed proteins and their interactions were
obtained from the STRING databashtty://stringdb.og/), which encompasses
approximately2.5million proteins from a diverse range of organigdensen et al.,
2009.
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3.1.8 Network reconstruction frorRPI data:

An extended network of seed proteins that includes both neighboring proteins and
their interactions was constructed using Pajek soft{Batagelj and Mrvar, 1998
Pajek isa Windowsbased program designed alow analysisand visualization of

large networksand is free for noitommercial users.
3.1.9 Network reconstruction froEG expressioprofiles:

A comprehensive network of DEGs identified from the microarray data was
constructed using th&eneMANIA (http:/Avww.genemania.orgdnline resourcean
online tool that, among other applications, used forgenerating hypothés about

gene functions and analyzing gene lists. GeneMANIA basically extends the query list
with functionally linked genes identifiedrom online accessible datand also

provides weights that signify predicted val(Warde-Farley et al., 2010
3.1.10Topological analysis of PPI networks:

Nodes in the network were evaluated on the basis of different parameters related to
network theory,including K (degree of connectivity), BC (betweenness centrality)
and CC (closeness cerlitg. K is the basic attribute of a node annetwork and
guantitatively reflects adjoining links or interactions connecting a node to its
neighbors. BC represents the number of shortest paths passing through each node and
is a measure of thigequency ofa node occurring on the shortest paths. A high BC
node has significant influence over the network and thus playsiportantole as a

global property for detectingottlenecks. CC is the inverse of the average length of
the shortest paths to or from ather nodes in the graph aneflects thetopological

center of the network. Average degree and diameter wBYe used as global
topological measurements to characterize the network. <k> is the represebyation
means of all degree values rdétwork nodeswhile D is the longest path among all

the shortest paths.

3.1.11Identification of large BC nodes to create a backbone

network:

The nodes with higher BC are of prime importance and thus these proteins, along with

their interactions, will be used twompile thebackbone network. These nodes and
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their interactions were identified and used for the said purpose. The threshald for
high BC was set at 5%Goni et al., 2008Kim and Kim, 2009.

3.1.12 Comparison of networks constructed through GeneMANIA

and Pajek:

As a final step, both networks were compared in a network perspective using
Cytoscape(Shannon et al., 20030 validatethe networks and their authenticity.
Cytoscapes an open source platform faisualization ofmolecularinteractions either

in networks or biological pathways, aatso allowsintegration of these interactions
with annotations and expression profilesvetl as other parameters.
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Table 3.1;

List of prostate cancer associated candidate genes derived through

text mining
S. No.| Symbol Description
1. BRAF v-raf murine sarcoma viral oncogene homolog B
2. MDM2 MDM2 oncogene, E3 ubiquitin protein ligase
3. AR androgen receptor
4. PTEN phosphatase and tensin homologue
5. TPX2 TPX2, microtubuleassociated
6. BRCA2 breast cancer 2, early onset
7. CTGF connective tissue growth factor
8. EGF epidermal growth factor
9. ATM ataxia telangiectasia mutated
10. | CTNNB1 | catenin (cadherhassociated protein), beta 1, 88kDa
11. | TRRAP transformation/transcription domaassociated protein
12. | CAV1 caveolin 1, caveolae protein, 22kDa
13. | KDM6A lysine (K)}specific demethylase 6A
14. | CDKN2A | cyclin-dependent kinase inhibitor 2A
15. | BRCA1l breast cancer 1, early onset
16. | HRAS Harvey rat sarcoma viral oncogene homolog
17. | GSTP1 glutathione Sransferase pi 1
18. | RNASEL |ribonuclease L (2',%ligoisoadenylate synthetadependent)
19. | CDK1 cyclin-dependent kinase 1
20. | EGFR epidermal growth factor receptor
21. | MYST4 K(lysine) acetyltransferase 6B
22. | AKAP9 A kinase (PRKA) anchor protein 9
23. | CCNA2 cyclin A2
24. | ERBB2 v-erb-b2 avian erythroblastic leukemia viral oncogene homolg
25. | TP53 tumor protein p53
26. | BCL2 B-cell CLL/lymphoma 2
27. | KRAS Kirsten rat sarcoma viral oncogene homolog
28. | MED12 mediator complex subunit 12
29. | MLL lysine (K)}specific methyltransferase 2A
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30. | LEPR leptin receptor

31. | SMAD4 SMAD family member 4

32. |IGF1 insulin-like growth factor 1 (somatomedin C)
33. |EGR1 early growth response 1

34. | PMS2 PMS2postmeiotic segregation increased 2
35. | MSH2 mutS homolog 2

36. | APC adenomatous polyposis coli

37. | ELAC2 ElaC ribonuclease Z

38. | SRF serum response factor

39. | RAD51 RAD51 recombinase

40. | RB1 retinoblastoma 1

41. | MLL2 myeloid/lymphoid or mixedineage leukemia 2
42. | CSAD cysteine sulfinic acid decarboxylase

43. | AURKA | aurora kinase A

44. | CCL2 chemokine (GC motif) ligand 2

45. | MSR1 macrophage scavenger receptor 1

46. | FOXAl forkhead box Al

47. | MLL3 myeloid/lymphoid or mixedineage leukemia 3
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3.2 Blood samples

This population based casentrol study was carried owat Capital University of
Science and Technology, Islamabad, Pakistarcollaboration with Institute of
Biomedical and @neticEngineering(IB& GE), Islamabad, &istan The study was
approved by the Departmentati€ntific Committee ofthe University. Whole blood
samples (5ml) were collected froBB0 prostate cancer patients along wBd0
controls from different ethnic groups Bakistan. Blood samples were collected with
relevant information and informed signed cons@inexure2) from histologically
confirmed prostate cancer patients along weéfe matchedcontrols by using
disposable syringes under strict aseptic conditiodsvare transferred to ACD (acid
citrate dextrose) vacutainer tubes. Each tube was labeled properly by using the ID
given to each individual. The tubes were kept at 4°C, untilgbeomic DNA
extraction was started. Control samples were collected cfumparison and
polymorphism analysis. Samples were collected from NORI (Nuclear Medicine
Oncology and Radiology Institute) Islamabad, DHQ (District Head Quarter Hospital)
Rawalpndi, IRNUM (The Institute of Radiotherapy and Nuclear MeditiReshawar

and vsiting different villages in Pakistamhe vital status of study participants was
determined through the hospital records and making personal inquiries to determine
whether the participant were alive or dead and to record the date of all ddktihe.

wet lab part of this study was conducted at Hies of Institute of Biomedical and
Genetic Engineering (IBGE), Islamabad, PakistGE is a dedicated facility
devoted tabasic biomedical and translational research to promote the understanding
and prevenon of human disease#t is working in the field of medical genetics for

more than 2%ears
3.3 DNA extraction

Genomic DNA was extracted from all the samples by using the standard {phenol
chloroform method (Organic metho@$ambrook and Russell, 200QXollowed by
ethanol precipitationThe protocol was slightly modified as per requiremdihiree
dayswere given to each batch (20 samples) of blood samples to get reliable results

and large amount of pure DNA.
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3.3.1 Day 1:

1.

Al'l the samples were arranged 1in
transferred to labeled (50 ml) falcon tubes.

Quantity of each sang was carefully recorded. Cell lysis buffer
(KHCO3, NH4CI and 0.5M EDTA) was added each sample for the
lysis of cells and removal of hemoglobim a quantity equal to three
times of the blood samples i.e. in 5ml blood, 15 ml of cell lysis buffer
was adled.

All the tubes were kept on ice for 30 minutes after addition of cell lysis
buffer to stop the cellular metabolic activities followed by centafign
(Eppendorf Refrigerated Centrifuge 5)2® 1200 rpm for 10 minutes at
4°C.

The supernatant wadiscarded and pallets were-sespended followed
by washing of the pallet with 15ml of cell lysis buffer in the same
manner as mentioned above to remove tammwoglobin and complete
lysis of the remaining cells.

The supernatant was discarded and the tpgls resuspended.

4.75ml ofSodium Tris EDTA $TE) was added to each sample.

Then 250ul of 10% Sodium dodecyl sulfai®DS) was added while
vertexing the samples

To the above mixture 10 pL of proteinase K enzyme (20mg/ml)
(Fermentas, Lithuania) was axttland samples were incubated at 55
for overnight in shaking water bath (Orbit Shaker Bath,-Lae, USA).

3.3.2 Day 2:

1.

The samples were extracted with 5ml (equal quantity) of equilibrated
phenol (pH=8)

Agitated for 10 minutes and kept me orfreezer for 10 minutes

Then the samples were centrifugé@&ppendorf Refrigerated Centrifuge
5130) at3200 rpm for 30 minutes at 4°C.

The aqueous phase was transferred to labeled (15ml) falcon tubes with

cut tips method.
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5.  5ml of chilled chloroform:isoamyhklcohol (24:1) was addetb each
sampleand agitated for 10 minutes and kept on ice for 10 minutes.

6. Samples werecentrifuged at 3200rpm for 30 minutes at34 in
refrigerated centrifuge (Eppendorf Refrigerated Centrifuge 5130).

7.  The supernatant was separateth cut tip into the separate labeled 15ml
centrifuge tubes.

8. To the isolated supernata®00uL of 10M ammonium acetate and 5ml
of chilled Isopropanolas adde@nd agitated until DNA precipitates as
visible white threads.

9. The samples were then placecemight at-203 (or for 15 minutes at
708 ).

3.3.3 Day 3:

1. The stored samples were centrifuged at 3200 rpm for 1 hof€at 4

2. The supernatant was discarded and the DNA pe#eatre-suspended by
tapping the 15ml centrifuge tube.

3. 5ml of chilled 70% ethanol weaedded to the washed samples and again
was centrifuged at 3200rpm for 40 minutes &t .4

4. The supernatant was again discarded and DNA was dried until the last
drop disappeared.

5.  After drying the palletsTE buffer (10mM Tris; 1ImM EDTA)was added
to each sanip according to the size of the pellet.

6. The complete DNA dissolving in TE buffer was achieved by incubating
the sample tube in shaking water bath & §®rbit Shaker Bath, Lab
Line, USADNA to expand freely.

7. Then whole solution was transferred to (1.5ml) tubes and was labeled as
stock solution.

8. 20ul of each DNA was added to 80pf ddH,O to make 20% DNA

dilution as working solution in a labeled (1.5ml) tubes.
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3.4 Assessment of Quality and Quantity of DNA

Eachsample was diluted 50 folds by adding 6 ul DNA sample to 294 ul distilled
water and quantified on UV Spectrophotometer3@10, Hitachi, Japan) at 260nm
and 280nm wavelength.

Optical density (OD) ratio for each sample was calculated as:
OD=Absorbance at 2Bhm / Absorbance at 280nm
The ratio from above formula should lie betweenIL9 for good quality DNAThe

concentration of DNA samples was calculated as:

DNA concentration g/ml) =Absorbance at 260nm x dilution factor xcorrection

factor

3.4.1 Working Solutionof DNA:

40ng/ul working solution of DNA was prepared from the stock DNA solution by

using the following formula:

C1lV1=C2V2

3.5 Primer designing

3.5.1 Retrieval of sequences

Nucleotide sequences of TP53Ensembl Id: ENST00000269305 PTEN
(Ensembl Id:ENST00000371953and AR (Ensembl Id:ENST00000374690genes
al ong wi t h i ntr ons, nsb5were rettieve® @rom fEhsembk i n g

(http://www.ensembl.org/index.htinlto be used for primer designing, selection of

restriction enzymes etcEnsembl is a collaborative project oEuropean
Bioinformatics Institute(EBI) and theWellcome Trust Sanger Instityttaunched in
1999 in response to the imminent completion of thenan Genome ProjecThe
Ensembl projecproduces genome databases fertebrates and other eukaryotic

species, and makes this information freely available online.

Exonspecific primers covering intron/exon boundamesedesigned for all the three
genes by using the online resource, Primer3 version Ouy®:/({frodo.wi.mit.edi.
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Primer3 is an open sourcejdely usedprogram and can also design hybridization
probes and sequencing primers. It has many different inpuhptees that researcher
can control for making good primers. The primers used are showabie4.5, Table
4.6 andTable4.7.

3.6 PCR

Before carrying out a PCR for the sampl@nnexure3), the conditions were
carefully optimized for each primer. All the samples (each 1.5ul) in diluted form were
added to the labeled PCiRbes. Allthe contents of PCR were kept on icaytto
avoid degradation of enzymes and other contents while preparing mastedPCR

recipe was prepared by using the contents given beldwahbie3.2.
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Table 3.2: PCR Recipe

Reagents Stock Conc | Required Final Conc. for | Final Conc. for
Conc. 1 reaction 27 reactions

dH20 4.6 pl 124.2 pl

PCR Buffer 10X 1X 1l 27 ul

MgCI2 25mM 1.5mM 1l 27 ul

dNTPOGs 0.8 p/pl 0.2mM 1l 27 ul

Tag Polymerase 2 Wl 0.8 p/pul 0.3 ul 8.1ul

forward Primer 20 uM 600nM 0.3 pl 8.1 pl

Reverse Primer 20 uM 600nM 0.3 ul 8.1ul
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8.5 ul of PCR Master Mix waadded to each sample of DNA (1.5ul) been added to
PCR tubes so total volume of DNA and Master mix was reached to 10ul.The caps
were tightly closed on strips and were kept in PCR machine foy@8scat following

temperatures;
3.6.1 PCR Conditions:

95°C for 5 mnutes.
95°C for 22 minutes for 30 cycles.
54-57°C for 2 minutes.

72°C for 1 minutes and final extension at 72°C for 10 minutes.

= =2 =4 A

After completion of polymerase chain reaction the strips were taken out of
PCR and were stored at 4°C till next process.

3.6.2 Gel Electrophoresis

Gel loading dye (5ul) was added to each PCR product and was dissolved with tip
sucking method. ThehOul of each DNA sample was loaded into gel wells by using
separate tips for each sample. All the samples wereféraed and electric cuent

(120 volty was applied for a mean time depending upon the size of the product
sequenceTAE (Tris/Acetate/EDTA) and TBE (Tris/Borate/EDTAyere used in
electrophoresis as thegre the most commoly used buffers for nucleic acids
electrophoresisAfter completion ofelectrophoresighe DNA moleculesverestained

in the gelwith ethidium bromideto make them visibleEthidium bromidds an
intercalaing agent ananakes the DNA fluorescenunderUV light and thus each and
containing ~20hg DNA became distinctly visibl&he image weresaved for further
reading and processing.

3.7  Single Strand Conformation Polymorphism (SSCP)

The mobility of a particle in a gel depends both itthsize and shape. In non
denaturing conditions, ssDNA has a folded structure due to-nmitacular
interactions. A mutated sequence can thus be detected as a change of mobility caused
by the altered folded structure in polyacrylamide gel electrophareSISCP analysis.

The amplified PCR productvas denatured and resolved by polyacrylamide gel
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electrophoresis, and mutationgre detected as altered mobility of separated single

strands. The overall procedure is rapid and simple.

In our study, we used ¢halleleSpecific enzymatic cleavage, one of the earliest and
most widely usedyenotyping method& analyzethe previously reported SNHg&e
P72Rof TP53 in our samplesThe required endonucleases were selected by using

online tools.
3.8 SNP analysis

Single nucleotide polymorphisms (SNPs) represent the most frequent and abundant
form of humangenetic variations and their patterns are more likely to influence many
phenotypes. Large scaBNP based@ssociation studies are therefesgected to help

in the identification of genes affecting complex diseases. Different methods are
available for SNP genotyping. In our study, we cutige allele pecific enzymatic
cleavaggPCRRFLP), for already reported SNPwhile direct sequencingpr the rest

of experiments The required endonucleasegere selected by usingVATCUT
(http://watcut.uwaterloo.ca/watcut/watcut/template.php), an online tool for- SNP

RFLP analysis

Allelic and genotypic frequencies were calcula@&s with 95% ClIs were calculated

to assesdhe strength of association betwdbha observegolymorphism andPCa
susceptibilityby using the unconditional logistic regression under multiple madels
casescontrols groupsP<0.05was considered statistically significaand different
genetic modeincluding Homozygous, Heterozygous, Dominant and Recessive were

used to evalate therisk and allelic associations
3.9 Purification of PCR products for sequencing:

The PCR product was transferred to new labeled tubes, 2.5 yul EDTA (125mM) was
added to it, hen 30ul absolute ethanol was added and vertexing was done. The
solution was kept at4°C for 15 minutesand therits spinning was done at 13000 rpm

for 20 minutes. The supernatamas discarded and pallet wagorously vertexed

after adding 100ul (70%) chilled ethandhen its spinning was done for 10 minutes

at 13000 rpm, again supatant was discarded and palleds dried in oven at 55°C
Finally 10ul Hi-Di formamidewas addedThe palletwasthen denatui by PCR at
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95°C for 4 minutes. Orange dye (250 ul) was added to sample and sequencer machine
was switched on the samples were kept in tray of sequencer and software was

monitored for sequencing the samples.
3.10 DNA sequencing

Band shifts detected by SSORere used for sequencing analysis. DNA was
sequenced with both forward and reverse primers. Sequencing was performed
according to the standard protocol provided with the Big Dye TerminatorKit® v3.1
(ABI 3130 Genetic analyzer). The products were then analygeddgh SeqScape 2.5
software (Applied Biosystems) and other freely available softwde$inchrVv etc

The sequence data obtained when analyzed through different Bioinformatics

techniquedor theirin silico characterization and annotations.

3.11 Computational Analysis

3.11.1Structure predictionand functional impact analysis of

genetic alterations

Proteins araalways exposedo alterations which can poskverse effectither by
changing theirinteractions,residues or folding pattern. Structure predictions and
comparisonswill provide a detail@ insight into the molecular, tertiatgvel and
folding pattern variations irproteins We conside=d the prostate cancer réal
mutations and associated SNRSTP53, PTEN and AR gena&s Pakistani population
and were annotated for their ability and intensityftec structures and function®f
the respective proteinslt was thus hoped that it will help teenhanceour
undersandingtowardsthe prospectivemolecularcauses, anduide to developnew
treatment and managemendtrategies against genetic disorders Systematic
computations on the basis sfquence and fructures wereapplied to study the effect
of geneticvariations as they affect the protein structused other physiochemical

propertiesthusdamaging their interactions.

Biochemicalassays, thoughre used globally to identifydeleteriousalterations, but
are time consuming and laboriodsccurate and gcise computational analys$the
possible functional outcomes of genetic variants can significaleityeasehe time
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complexityby rankingthemprobably tobe deleterious or vieeersa.ln our study we
used automated methods i.e. SIRIg and Henikoff, 2008 PolyPhenZAdzhubei et
al., 2010, MutationAssessofReva et al., 20)land PROVEAN(Choi et al., 201p
capable of discriminating between driver and passenger mutations.

SIFT (Sorting Intolerant from Tolerantses sequence homology for the prediction of
functional impacts due to ammino acidsubstitution. It presumes thainctionally
significantresidues may beonsered in aprotein family, andthus substitutions at
conserved positionare most probably anticipateds deleteriousSubstitutions with
scores less than &0 are predicted as agerious
(http://www.blocks.fhcrc.org/sift/SIFT.htpl (Thomas et al.,, 2006 PolyPhen2
annotate substitution®y using the integration of sequencephylogenetic and
structural information with its position in the protéfmttp://coot.embl.de/PolyPhén/

MutationAssessoannotateshe functional impact oprotein residuesubstitutionsby
assedsq its evolutionary conservationt hasalreadybeenvalidatedon OMIM data

set (http://mutationassessor.0yg/PROVEAN (ProteirVariation Effect Analyzer)

has the ability to predict the functional impactamhino acid substitutianandindel
and is handyto classify functionally importantnonsynonymous or indel variants
(Choi et al., 201p

3.11.2 Phylogenetic analysis

With the increasing number of whole genome sequences availability, mapping genes
to their corresponding counterpart becomes even more important. Orthology is
usually used to find these analogous genes, conservativeness of gene and to allow

transfer of annotatn from the known to the unknown geSchreiber et al., 20)3

We used PhylomeDghttp://phylomedb.org/and TreeFanghttp://www.treefam.org/

to confirm the conservativeness of TP53, PTEN and AR genes across the model
organisms. PhylomeDB is a public databaseorf completecatalogs of gene
phylogenies andillows users to explore thghlogenetichistory of genes through
visualizng the evolutionarytreesalong with multiple sequence alignments. also
provides genomavide paralogy predictions based on the phylegie treesTreeFam

is a databaseof phylogenetic tres inferred from animal genomes, providing

orthology/parology predieationsalong with theevolutionary history of genes.
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3.11.3The proteinprotein interaction (PPI) network analysis

PPIs are the major mieanism controlling biologicakystemsand aretherefore
attractive forexploring functions and therapeutis. With the remarkablegrowth of
human PPI datahese methodare in use to understand the molecurechanicof
diseasesindrelated sulmetworks.In PPIs proteins aresymbolizedas nodes and their
relationsas edgesUsually proteinshaveonly a small number ointeractionsin the
PPI network but some proteins called hubs shaerge number ofonnectionsHub

proteins are vitao the normal function and stability of th@eractionnetwork.

It was reported thahat TP53, PTEN and AR are hub proteins and play key roles in
the proteininteractionnetworks. TP53 is @rincipal hub of cell proliferation and
apoptotic pathways, spond to potential oncogenic stressesnilarly PTEN is the
main hub of PI3K-mediatedsignaling pathway, whileAR is also a hub protein
connectingandrogen signaling to FInA and intagrbeta 1 in NIH3T3 fibroblasts.
Mutations in hub protein are much maneicial than any other protein. Research has
proved that hub protein deleterious mutations are more likely to be (é#ualg et al.,
2001). It is therefore important to structuraland functionallyanalyze the effect of

differentgenetic alterationsn TP53, PTEN and AR hub proteins in the network.
3.12 Analysisof socieodemographicand clinical factors

Blood samples were collected frothe prostate cancer patientnd controls with
relevant informationon an informed signed consemin a specifically designed
proforma The proformawas designed to gather the required information about age,
weight, BP, ethnicity, family historysmoking, health conditionsPSA level, tumor

size, any other complication if any

Cancer isa complex multistep disorder, resulj from a combination of factors
(Mahan and Escoefbtump, 2005 Theassociate@tiological factorof prostate cancer
including aging, immune function disorders, environmental and lifestyle faaters
poorly investigatedas comparedo othercommon ancers(Agalliu et al., 2009 To
address this issue, weavecollected detailednformation about all the possible risk
factors includingdemographic and lifestyle characteristida advantage of owstudy
over the previous studies is thatwas specifically designed to investigate the

association oéach factor independently anddaombination with other as well.
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Literature survey was systematically carried out to have a deeper insight towards the
contribuion of different risk factorsncluding family history (Powell, 201}, dietary
factors(Mandair et al., 2014 The data was statistically analyzed for the association

of risk factors through logistic regression, gmoportional hazard andurvival
analysis through Hplenmier curve.All statistical analyis was performed using R
version 31.1 (R Core TeamR: a language and environment for statistical computing

R Foundation for Statistical Computing, Vienna (2013)
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Chapter 4

RESULTS AND DISCUSSION

4.1 Construction and analysis of interaction network
related to PCa

4.1.1 Prostate cancer expression profibgasets:

Since the expression profiles of prostate cancer downloaded from NCBI GEO were
not in a compatible format for the analysis softwéney werefirst converted into a
compatible (.txt) format through the affy librarytip://www.bioconductor.orngof the

R suite. R is an integrated suite of software facilities for statistical computing, data
handling, manageemt, computation and graphical displayhttg://www.r
project.org). The datasets were processed for normalization with the same suite and

among the normalized samples of the dataset there546ib genes.

The datavasthen loaded to MeV in the .txt format for filtratioo explore the DEGs
above the threshold. After variance filtration with a parameter of 50, the number of
fillered genes for the next step of analysis B&3837. A ttest was performed to
evaluate tk significance of the genes after filtratidollowed by K-Means and
Hierarchical Clustering treatment of filtered datayield different clusters of DEGs

(up- or downregulated expression).-Kleans clustering yielded 10 clusters for the
three dataset¢Table 4.1). After analyzing intersection of the DEGs in all three
datasets and functional annotation of chip IDs using the DAVID tool, a total of 96

genes were obtained.
4.1.1 Network Reconstruction:

The network constructed with Pajetnsisted of 4hodes with 200 connectionghe
backbonenetwork hasonly 14 nodes with 41 connectiofBigure 4.1). Parameters
includingnumber of nodes (N), average degree (<kx]J diameter (Pwere explored

for the networkwith the largest degree in the network being 62, and an average
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degree of 19.31This network was comprised ofsaall number of highlynter linked

genes/proteins, while most of the others had only a small number of connections.

The nodes with either higher degree or BC value were designated as key nodes, which
represented 14 out of the .4lAventy-one node$avea large degreéTable4.2) and14
havehigh BC valuesTable4.3), while only 7 have both higher BC and larger degree
(Table4.4). In order to determinéhe role of these nodes in the network, there
codedwith different colorsand varying size@~igure4.1). TP53hasthe largest degree
and its product ia bottleneck protein withighest BC and CC values.iidicates that
TP53 is located at the center of the netwditke backbone network cosged of14
high BC nodes(EGR1, IGF1l, AR, CTNNB1, EGFR, HRAS, CDK1, BRCAL,
BRCA2, SRF, RNASEL and KDM6A)xonnected through 41 link&igure 4.2).
P53wa found to have 9 neighbors (EGR1, IGF1, AR, CTNNB1, EGFR, HRAS,
CDK1, BRCA1 and BRCAZ2) thatompose its respective pathway.

Different interaction networksuch asphysical interaction, genetic interaction and
pathway interaction were also constructechgsGeneMANIA and the DEGs from
expression profiles to validate the results. TP53 was again found to be an important
player in PCa, thus recapitulatitige results derived from the backbone network that
was constructed from texterived data usindgPajek softwargBatagelj and Mrvar,
1999. In all the networks reconstructed here, the central gene WB§3ound to be
linked with the highest number of genes, either directly or indirectly, because of its
significance in the network and muHiunctional character.The networks
reconstructed both throughajek and GeneMANIA were compared in a network
perspective with Cytoscape software to reconfirm and strengthen the hypofhesis.
analysis showed that14 genes involvedhe backbone construction were common to
both networks, thus confirming their importance and significance and validating our

network results.
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Table 4.1;

Gene clusters for the threegene expressiondatasets GSE27914,

GSE35373, GSE35324

Dataset 1 Dataset 2 Dataset 3
No. of No. of Genes No. of | Genes

Clusters Genes % | Clusters Clusters
Genes Genes % Genes %
Cluster 1 1581 6 Cluster 1 4136 15 Cluster1| 1732 6
Cluster2 | 2716 | 10 | ciuster2| 2430 | 9 |Cluster2| 2315 | 8
Cluster 3| 2628 10 Cluster 3| 1454 5 Cluster 3| 3997 15
Cluster 4 2149 8 Cluster 4 3514 13 Cluster 4 | 3518 13
Cluster 5| 1841 7 Cluster 5| 3493 13 Cluster 5| 3200 12
Cluster 6| 1743 6 Cluster 6| 3179 12 Cluster 6 | 1427 5
Cluster 7 | 4935 18 Cluster 7| 3095 11 Cluster 7| 2904 11
Cluster 8 | 2908 9 Cluster 8| 2443 9 Cluster 8 | 1279 10
Cluster 9 6174 23 Cluster 9 1637 6 Cluster 9 | 2435 9

Cluster 1062 4 Cluster 1956 7 Cluster
3017 11

10 10 10
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Figure 4.1: Gene networks constructed through Cytoscape

a. Overview of Complete Network. The network includes the seed
genes. The nodes with label are seed genes converted from the
candidate genes listed Trable3.1.

b. The topology of the network.
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Table 4.2:

The list of high BC nodes and their CC Values

SN SYMBOL BC CC Value
1 TP53 0.163816 0.69697

2 HRAS 0.099444 0.666667
3 CTNNB1 0.095746 0.567901
4 BRCA1l 0.089278 0.630137
5 AR 0.088829 0.597403
6 EGFR 0.076464 0.638889
7 SRF 0.067248 0.455446
8 IGF1 0.054749 0.554217
9 RNASEL 0.050525 0.422018
10 KDMG6A 0.044593 0.330935
11 ELAC2 0.038173 0.418182
12 CDK1 0.036381 0.554217
13 EGR1 0.033376 0.505495
14 BRCA2 0.033221 0.582278
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Figure 4.2: Representation of network topology.
a. The topology of the backbone network. The backbone network

consists from 14 nodes with high BC value.
b. Complete network of the highest BC valugsnes from the

GeneMANIA
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Table 4.3;

The list of large degree nodes and their CC Values

S. No | Symbol | Degree| CC Value | S. No| SYMBOL | Degree | CC Value
1 TP53 62 0.69697 12 | AR 30 0.597403
2 BRCA1 50 0.630137 13 | PTEN 30 0.605263
3 |EGFR 46 |0.638889 | 14 | KRAS 30 |0.589744
4 HRAS 45 0.666667 15 |ATM 29 0.528736
5 CDK1 42 0.554217 16 | RAD51 28 0.484211
6 MSH2 35 0.534884 17 | EGF 26 0.582278
7 BRCA2 34 0.582278 18 | CDKN2A 24 0.589744
8 ERBB2 34 0.597403 19 | SMAD4 23 0.560976
9 MDM2 33 0.582278 20 | RB1 23 0.528736
10 | CTNNB1 31 0.567901 21 | AURKA 23 0.464646
11 | CCNA2 31 0.528736
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Table 4.4:

The list of large degree nodes and theudescription.

S. No| Symbol Function Description

1. TP53 encodes a tumor suppressor protein

2. BRCAl encodes a nuclear phosppitein

3. EGFR encodng a transmembranglyco-protein

4. HRAS functionng in differentsignalng pathways

5. CDK1 encods a member of the Ser/Thr kinase family

6. MSH2 Component of mismatch reparachinery

7. BRCAD It repairsdoublestrand brea& and/orfunction in homologous
recombination

8. ERBR? part of several cell surface receptor complexes, ligand bin
receptor

9. MDM2 mediates ubiquitination of p53/TP53

10. | CTNNB1 | component of the canonicalMsignaling pathway

11. | CCNA2 Play role in cell cycleontrol

12. | AR affect cellular proliferation and differentiation in target

13. | PTEN tumor suppressor gene

14. KRAS coo.le- protein that bind GDP/GTP and possess intrinsic GT|
activity

15. | ATM activates checkpoint signaling upon double strand breaks

16. | RAD51 participates in a common DNA damage response pathway

17. | EGF stimulates the growth of various epidermal and epithelial tis

18. | CDKN2A | induce cell cycle arrest in G1 and @R2ases

19. | SMAD4 Co-activator and mediator of signal transduction by T&fa

20. |RB1 tumor suppressor gene
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Figure 4.3: Network of Genetic Interactions of the highest BC values genes
the GeneMANIA
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CCNA2 MDM2 ERBB2
BRCA1 EGFR CTNNBT

Figure 4.4: Nodes after merging network constructed on expression data and

text mining through Cytoscape
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Although many articles have been published concerning the molecular mechanisms of
PCa,and in turn a number of causal genes have lkstified as participating in this
cancer, PCa pathogenesis nonetheless remains vague. We proposed hiwe that
products of the reported genes may determine respective pathways through their
interactions. TIs study was thus designed to analyze the contribution of candidate
genes to prostate cancer and also to discover other key players that cooperate with
these genes through a network topological analysis. BC and CCusetleasnajor
parameters in this stydo evaluate the nodes in the interaction network, which is
similar to fundamental measures in network theory previouslgd by othergGoni

et al., 2008Nguyen et al., 201, Hashimoto et al., 200%. et al., 2012.

A total of 47 genes were shortlisted from the initial list as main causative or
susceptible gendsr PCa. While the study was performed in a systematic thaye

may be some missingalues and genes from either the literature search or expression
profiles and thus other responsible genes that participate in PCa may still remain to be
discovered. Moreover, this study cannot discount the possibilityfdlss positives

and false negates appeared in the results. However, biological networks are robust
with respect taarbitrary aljustment of nodes, but susceptible to hub deldtigma-
Mendez and van Helden, 2009 herewere 21 proteins withhigher degree and 14
with higher BC valuesin the network, while only 7 nodésveboth larger degree and
higher BC (Table 4.2, Table 4.3, Table 4.4 and Figure 4.3). Genes/proteins in the
network were systematically classified into four categadidmibi bottleneckgthose

with large degree and high BC values); ndr-hubi bottlenecks (those with small
degree and high BC); iiihon-hubd non-bottlenecks (small degree and low BC); and
iv) hubi nonbottlenecks (large degree but low B@). a similar previous study,
genes/proteingvere classifiedinto two subtypess highly connected genes/proteins:

i) hubi bottlenecks, which are likglto be datéhubs, wherein the protein products
bind differently with different partners at different times or locaticarg] ii) hub
nonbottlenecks, o p a-n @ lyteabhave the most simultaneouseractions with

their partners. Further confirmation tife spacgime consequences of these nodes
will likely facilitate the discovery ofnew drug targets and biomarkersH@a(Han et

al., 2004.
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TP53 has the largest degraed highest BC value and thus ranks highest in both the
large degree nodes and high BC nodes list. Meanvanitirogen receptor (AR) ranks
5" in the BC nodes list and 14n large degree nodkst, while phosphatase and
tensin homolog (PTEN) ranks "1 the large degree nodist. TP53 encodea tumor
suppressor protein with domains that govern transcriptional activation, DNA binding,
and oligomerizationAs suchTP53 isa vital actorin cancer pathways and also is a
frequent object of diverse genettterations in many human cancers.TP53is a-well
known transcription factor that is critical for diverse cellular activities, including
transcriptional regulation of target gee&pression, inductiomf cell cycle arrest,
DNA repair, apoptosis and senescen(Khan et al., 2018In cancers, p53
ubiquitously loses functioas a result of direct genetic aberrations or malfunctions in
upstream or downstream signaling pathw@aedo and Wahl, 20Q@ourdon, 2007
Vousden and Lane, 20D7AR encodes a proteivith three key functional domains,
i.e. the Niterminal DNA-binding and androgetinding domais (Callewaert et al.,
2003. It expresses itselin bone marrow, mammary glangrostate, testicular and
muscle tissuedt existsas a heterdimerwith Hsp90 and HMGB proteins. AR binds

to nuclear response elents in its activated state for transcriptional regulation, but
alsocanaffectthe target genes by interactingth transcriptionfactorslike asAP-1,
NF-kappaB and STATInsulin-like growth factor 1 and some other genes responsible
for the advancement girimary and secondary male sexual characters are its main
target genedt is activated bysteroidhormone and haskey role in the growth and
development of the prostate glantt also has a function in prostate cancer
developmentas demonstratedy its differential expressionin majority of primary
prostate cancer@.onergan and Tindall, 20)J1PTEN is a ubiquitously expressed
tumor syppressorhaving dualspecificity. It antagonizes the PI3K signaling pathway
through its lipid phosphatase activity, and negatively regulates the MAPK pathway
through its protein phosphatase activifiPezzolesi et al., 2007PTEN also
antagonizes signal transduction downstream of th& lhase by dephosphorylating
phosphatidylinositephosphate (PtdinsP) amdodulating cell cycleprogression and
cell survival, while negatively regulating cell interactions with the extracellular
matrix. PTEN has been found to be mutatednultiple advanced canceiliscluding

prostate carcinoma.
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To an extent we can carefullyhypothesize that PCa originates from the
malfunctioning of generajene networks or changes in local gene fundtiat occur

with precise timing and localization. TP53, with the largest CC value, locates at the
core of the main and backbone network derived from high BC genes, which
emphasizests noteworthy role in PCa. In this study, the reconstructed backbone
network centering ofiP53 is a pathway to regula®Ca development (Figure 4). The
proteins with direct linksto TP53 include EGR1, IGF1, AR, CTNNB1, EGFR,
HRAS, CDK1, BRCA1 and BRCAZ2. This study also showed that p53 works as a
significant checkpoint in the cell cycle and mes out the chief function of tumor
suppression by detecting problemsell division. The backbone network presents an
unambiguous and visual synop$ig showing all vital genes and related regulatory
pathways for PCa and the®spective interactiongor additional confirmation of the
role of major genes in the backbone network, arsmtivork was constructed using
GeneMANIA, which showed thatome genes other than the candidate genes had
links with TP53 and otherin the network.lt is also to benoted that TP53 has the
highest BC value anthe top 9 BC nodes in this suletworkoverlappedwith the 14
large BC nodesf the main networkOur finding suggested that prostate cancer was

coordinatedy an integratethteractionnetwork centered on TP53.
4.2 Blood samplesand DNA extraction

Case controlSamples(680 cases and 500 controlgjere collected from NORI
(Nuclear Medicine Oncology and Radiology Institute) Islamabad, DHQ (District
Head Quarter Hospital) Rawalpindi and visiting different villages in Rakis
Genomic DNA was extracted from all the samples by using the standard fphenol
chloroform method Each sample waguantified by usingJV Spectrophotometer.

40ng/pl working solution of DNA was prepared from the stock DNA solution
4.3 Primer designing for point (missense) mutations

4.3.1 Retrieval of sequences

Nucleotide sequences of TPFBENST00000269305 PTEN (ENST00000371953
and AR(ENST00000374690genes along with introns afda n d flaiking regions
were retrieved from Ensembit{p://www.ensembl.org/index.htimlandwere used for

primer designing andelection of restriction enzymdsxon-specific primers covering
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intron/exon boundarieweredesigned for all the three genes to amplify the exons by
using the online resource, Primer3 version 0.4tb{//frodo.wimit.edy. The primers
used are shown ihable4.5, Table4.6 andTable4.7.

4.4 DNA sequencing

PCR was performed on all the exons of TP53, PTEN and AR genes withwour
designed primergTable 4.5, Table 4.6 and Table 4.7) from both the cases and
controls. The samples of TP53 were sequenced at the Institute of Biomedical and
Genetic Engineering (IBGE)lslamabad, Pakistan on ABI 3130 Genetic analyzer
system while PTEN and AR genes were sequenced through Macrogen Inc. Korea.
After sequencing analysis weund a number ofpolymorphismspoth reportedand

novelmutations inall the three genes on diffeteexons(Table4.8,

Table 4.15,
Table 4.18, Table 4.20, Table 4.23 and Table 4.25), discussedin detail in the

proceeding sections one by one.
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Table 4.5;

TP53 gene primers

_ Product
Primer ID Sequence Length )
Size

TP53_23 F TCTCATGCTGGATCCCCACT 20
344 bp

TP53_23 R AGTCAGAGGACCAGGTCCTC 20

TP53 4 F TGCTCTTTTCACCCATCTAC 20
353 bp

TP53 4 R ATACGGCCAGGCATTGAAGT 20

TP53_56_F TGTTCACTTGTGCCCTGACT 20
467 bp

TP53 56_R TTAACCCCTCCTCCCAGAGA 20

TP53_7_F CTTGCCACAGGTCTCCCCAA 20
237 bp

TP53 7 _R AGGGGTCAGCGGCAAGCAGA 20

TP53 _7A F AGGCGCACTGGCCTCATCTT 20
177 bp

TP53_7AR TGTGCAGGGTGGCAAGTGGC 20

TP53 89 F TTGGGAGTAGATGGAGCCT 19
445 bp

TP53 89 R AGTGTTAGACTGGAAACTTT 20

TP53 10 _F CAATTGTAACTTGAACCATC 20
260 bp

TP53 10 R GGATGAGAATGGAATCCTAT 20

TP53 11 F AGACCCTCTCACTCATGTGA 20
245 bp

TP53 11 R TGACGCACACCTATTGCAAG 20
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Table 4.6:

PTEN gene primers

_ Product
Primer ID Sequence Length _

Size
PTEN_Ex1_F | TTCCATCCTGCAGAAGAAGC 20

236
PTEN_Ex1_R | TTTTCGCATCCGTCTACTCC 20
PTEN_Ex2_F | CTCCAGCTATAGTGGGGAAAA 21

376
PTEN_Ex2_R | CTGTATCCCCCTGAAGTCCA 20
PTEN_Ex3_F | CCATAGAAGGGGTATTTGTTGG 22

364
PTEN_Ex3_R | CAATGCTCTTGGACTTCTTGA 21
PTEN_Ex4_F | TGGGGGTGATAACAGTATCTACTTA 25

399
PTEN_Ex4 R | TGCAATACTTTTTCCTAAAACACAA 25
PTEN_Ex5 F | GGAATCCAGTGTTTCTTTTAAATACC 26

473
PTEN_Ex5 R | TGTCAATTACACCTCAATAAAACTGA 26
PTEN_Ex6_F | CCTTTGAATAAATGGGTTGTTATG 24

499
PTEN_Ex6_R | CCTGCATAAATTTCAAATGTGG 22
PTEN_EXx7_F | TCCATATTTCGTGTATATTGCTGA 24

398
PTEN_Ex7_R | AGCAAAACACCTGCAGATCTAA 22
PTEN_Ex8 F | TCATGTGAATGAAAATGCAACA 22

475
PTEN_Ex8 R | ACAAGTCAACAACCCCCACA 20
PTEN_Ex9 F | TGTTCATCTGCAAAATGGAATAA 23

387
PTEN_Ex9 R | CACAATGTCCTATTGCCATTAAA 23
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Table 4.7:

AR gene primers

_ Product
Primer ID Sequence Length )

Size
AR_Exla_F | GCCTGTTGAACTCTTCTGAGC 21

398
AR_Exla R | GTAGCCTGTGGGGCCTCTA 19
AR_Exlb_F | GCAGCAGCAGCAAGAGACTA 20

464
AR_Exlb R | TCGAAGTGCCCCCTAAGTAA 20
AR_Exlc_F | GCAGGAAGCAGTATCCGAAG 20

444
AR_Exlc_R | GACAGGGTAGACGGCAGTTC 20
AR_Ex1d_F | AAAGGGCTAGAAGGCGAGAG 20

380
AR_Exld_ R | CCTTCTTCGGCTGTGAAGAG 20
AR_Exle F | GGTTCTGGGTCACCCTCAG 19

435
AR_Exle R | GCAGGTAGGAGCCGCTAGAT 20
AR_Ex2_F GACCTGAGACTTCACTTGCCTA 22

300
AR_Ex2 R GCCCTGAAAGGTTAGTGTCTC 21
AR_Ex3 F TGTTCTAGAAATACCCGAAGAAAGA 25

297
AR_Ex3_R CCTTGGAAGCATCAAAGAAGA 21
AR_Ex4 F CTGTGACCAGGGAGAATGGT 20

497
AR_Ex4 R GGCAGAAAAGCACCAGACAT 20
AR_Ex5 F CCCAACAGGGACTCAGACTT 20

300
AR_Ex5 R GTCACCCCATCACCATCAC 19

51




AR_Ex6_F GGGATGGCAATCAGAGACAT 20

285
AR_EX6_R TTAATGGCAAAAGTGGTCCTC 21
AR_EX7_F CCCAAGCACACAGACTTCAA 20

383
AR_EX7_R ACTCAAAGCCAGAGGGGAAT 20
AR_EXx8 F TTGGGGAAGAGGCTAGCAG 19

300
AR_Ex8_R TGCAGAGTTATAACAGGCAGAA 22
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4.5 TP53

The discovery the TP58ene located on chromosom&7pl3.1 in 1979 by three
independent groups studying tumorigenesis is anthe greatestdiscoveies in the

combat againstancer(Sarkar et al., 20021t is universallyk nown as fAguar di
t he ¢ endoegaded as a hofoe novel therapeutgby many scientists

It functions as aranscription factoand responds toa diverse set of stresseshy

indudng cellcycle arrest, apoptosis, senescence, DNA repaitbr changes in
metabolismp53 remains inactive in normal conditions throtigé acton of MDM2,

which promote its degradation througlubiquitinaton and/or inhibiting its
transcriptional activitylts activities arenodulatel through several pogtanslational
modifications includingphosphorylation and acetylatiop53 loss its etivities in

human cancer eithethrough its sequencemutatiors or by losing upstream or
downstreantell signaling(Vousden and Lane, 2007

Reismanand his ceworkerscharacterized TP53 arndentified two promoters init.
Promoterl is located 10250bp upstream of the nawding first exonwhile the
secondone whch is comparatively strongeis locatedn the first intron(Reisman et
al., 1988. It has11 exonstwo transcriptional start sites in exon 1 amdalternative
splicing site in intron 2 and between exons 9 and ItOalso contains an internal

transcription intiation site in intrord (Bourdon et al., 2005

We confirmed the conservativenesspdi3 across different species phylogenetically
through PhylomeDl4 and TreeFam (Figure 4.5) which confirmed that the

gene/protein is conservedrass the species

p53 acts as a tumor suppressocated in the nucleus throughout the body. It directly
binds to DNA regulaing cell division and avoidinguncontrolled gromh thus
preventingtumorigenesiglsmaeel, 2018 It is p53 who decidewhether thedlamaged
DNA will eitherbe repaired ocell with damage DNAwill sufferapoptosigMichael
and Oren, 2003

In this study, all the P53 exons along with flanking regions from casatrol
samples of Pakistani population wesequencend analyzed.Eight exonic andtwo

intronic variants were observed in the sequence analysisofQué 8exonic variants
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only onei.e. P72R (9.7676154)ni the exon 4 is a well reported polymorphism of
TP53 in different studies with reference to different disease in different ethnic group
while the rest of the seven are novel mutatiQreble4.8). All the 8 mutations are in

the DNA binding domair(Figure 4.6). Similarly both the intronic variastare also
novel of our study andre most probabl$NPsas were recorded in high frequency in

both cases and contrdls
Table4.15).

Proteins areomplex molecules, vitab the structure and functiaf every organism
including viruses.They wsually exist as compact and folded structuegher than as
linear polypeptiés Genetic changes can affect protein structurally at different levels
and thus we predicted thecondary structuresf wild and mutent p53 proteins All

the predicted structures were themmparedn 2D to highlight changes imposed by

the genetic alterationd~unction of a potein is defined by their overall three
dimensional conformatiofWaheed et al., 20)2Structure ofp53 has already been
determined through crystallography and thus is present in PDB. The crystal structure
was obtained from the PD@igure4.6) with accession ID of 1TURNd was used as

a templae for predictingthe mutant structures througbrhology modeling.

Structural kowledge ofa protein providesnformation about itsnteractions(Aydin

et al., 201}, whichultimately defineits biological role (Cheng et al., 2003).can be
anticipated that, if not all, some of the genetic changes can get translated ieto high
order conformations of the respective proteins and thus tertiary structures were
predicted for all the sequenceStructures are more conserved than sequence
(Capriotti and MartRenom,2010, thusmutant structures were aligned against the
wild to measuréhe level of similarityamong thenfFigure4.7)
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Figure 4.5:  Evolutionary history of TP53 alongwith pfam domains.
a. TP53 along with pfam domains through PhylomDB4
b. TP53 gene tree througfreeFam

55



Table 4.8:

TP53 Exonic variants

Ref Chr ChrEnd | Residue Reported
S. No | Exon VarAllele N N MutType
Allele StartPosition | Position | change By
1 4 C G 7676154 | 7676154 P72R | Missense| Reported
Frame
5 - G 7675075 | 7675075 H179Q ) Novel
2. Shift
Frame
5 - A 7675101 | 7675101 E171R _ Novel
3. Shift
4. 5 C T 7675103 | 7675103 T170M | Missense| Novel
5 5 C G 7675153 | 7675153 P153P | Silent Novel
6 5 C G 7675158 | 7675158 P152A | Missense| Novel
7 6 T G 7674923 | 7674923 V203G | Missense| Novel
8 6 T C 7674958 | 7674958 P191P | Silent Novel
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Figure 4.6.  Structure of p53 protein.
a. Crystal structure of p53 (PDB ID: 1TUP) bound with Zinc ion

b. Lollipop plot of TP53 mutations of exonic regions in the sampled

population, all the seven mutations are in tD&IA binding

domain.
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Figure 4.7: Partial snap of sscondary structure analysis of wild and mutantp53
proteins along with some other species (mutations in the exonic

regions only)
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Table 4.9;

Status of TP53 Exonic wariants confirmed through HGMD and

Ensembl alongwith mutants functional impact analysis through

different servers

S. No Residue Reported By SIFT PROVEAN Mutation PolyPhen2
change Assessor

1. P72R Reported Tolerated neutral neutral Benign

2. H179Q Novel Damaging | Deleterious | Medium | Probably Damaging
3. E171R Novel Damaging | Deleterious | Medium | Probably Damaging
4, T170M Novel Damaging | Deleterious | Medium Benign

5. P152A Novel Damaging | Deleterious | Medium | Probably Damaging
6. V203G Novel Damaging neutral neutral Benign

7. P153P Novel Tolerated neutral neutral Benign

8. P191P Novel Tolerated neutral neutral Benign
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45.2 C>G(g.7676154P72R

P72Ris amostcommonpolymorphism which alters CCC>CG& codon 72n exon

4 of p53. Italters the p53functionality and hasrecordeddifferentially distributed
worldwide. It results insubstitution ofproline to arginineesiduein the proline rich
region, vital for p53mediated apoptosis(Ricks-Santi et al.,, 2012 P72R
polymorphismhas beenwell studied by large number of researchersdiffierent
ethnic groupgChosdol et al., 20Q2out unfortunately, nattempt has been made for
its associationwith prostate cancein Pakistani populationto the best of our
knowledge Critical review from diferent ethnic groupsmotivatedus to exploreits
status and association in Pakistani population.

A total of 212 sample$120 cases an®2 control$ were genotyped for detecting
P72R polymorphism through PCRRFLP by using
56TGCTCTTTTCACCCATCT AC @drward) and
50ACTTCAATGCCT G GReGGapAmedsd he detectiorwascarried to
distinguish C allele from G. The purified PCR product wasdigested BstUl
(Fermentas, Vilniud,ithuania)enzymeat 57°C for 16hr&and thedigested fragments
were electrophoresed on 4% agarose Qe expected fragmercludesan uncut
Pro alleleof 353bp and thérg alleleto be restrictedihto two fragments of 218 and
141bp while the heterozygous individuals will haalethe three band</4 samples
were repeatedfor quality control and we recordedt95% concordanceThe
homozygous Arg samples and heterozyg®rs/@Arg) were sequenced confirm and
validate our PCRRFLP results
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Figure4.8 represents the pattern of P72R genotypinglemMeable4.10is representing

the genotype frequencies. Statistically significant differences were detected in
genotypes distribution between cases and controls2(dR=<0.001). It was also
observed that the allelic frequencies were following Haiginberg Equilibrium

with frequencies of 0.27 (Cases) and 0.78 (Controls). The association between P72R
SNP and prostate cancer was evaluated by usingpuditional logist regression

under different genetic models. Highly significant associations were discovered in all
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genetic models except the Dominant model (OR=0.77, 95%CI:105% P=0.460)
(Table4.11).

The mutant residugvas annotated at different levels to access its impacts on the
phenotype. It can be seen that the polymsmhsubstitutes a comparativetygger

and apositively chargedesidue instead of a neutral residi&e mutantresidue is
comparatively lestydrophobic.Proline, he wild residueis avery rigid residueand
thusinduces a special backbone conformation which might be required at this position
while the polymorphic residusan disturb this special carmation.

The residueat position 72 in p53s part of an intggro domain named P 5 @morT
Suppressor FamilfiPR0021176, annotated with the GOterms DNA
Binding (GO:000367Y and Sequence&pecific DNA Binding Transcription Factor
Activity (GO:0003700 to indicate its functionslt means thatthe domain hasts
functiors in Nucleic Acid Binding (GO:000367% and Nucleic Acid Binding
Transcription Factor ActivityG0:000107L The polymorphism ign the proline rich
regioninteractirg with WWOX andHRMT1L2. Thissubstitution which is bigger and
less hydrophobic than the wild migbausebumps changes in hydrophobicity and
lead to loss of hydrophobic interactiod$ie mutation introduces éhargein charge

which canlead torepulsion of ligands.

The P72R polymorphism is associated witthanges in thefficacy, efficiency and
functiorality of p53 (Murphy, 2009. The C allelgLacey et al.inducesan enhanced
cell-cycle arrestat G1 phase(Thut et al., 199bwhile the Gallele (Arg) promotes
apoptosis(Dumont et al., 2003 The Arg residueis comparatively less stable
thermodynamicallythan Pro residuePro promotesp53 induced repair against
oxidativedamaggKhoo et al., 200pand has been hypothesized to be under selective
pressurgKiraga et al., 200 It has also been hypothesized that Arg residugdco
provide selectivedvantageo thepopulations living in comparatively coldezgions
(Bensaad et al., 2006
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Table 4.10. Genotypes frequencies of TP53 PR Polymorphism in Prostate

cancer in Pakistani population

Case (n=146) Controls (n=107)
Genotype
Number |Percentage | Frequency | Number | Percentage | Frequency

C allele 155 531 053 60 2804 0.28
G dlele 137 46.9 047 154 7196 0.72
CC 27 18.5 0.19 16 1495 0.1
CG 101 692 069 23 2617 0.26
GG 18 12.3 012 63 5888 0.59
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Table 4.11: Association of P7R Polymorphism of TP53 and increasedisk of

Prostate cancer in Pakistani population.

) Lower Upper
Genetic Model OR Z-stat | P-value

95%CI 95%ClI
G vs C(Allelic contras) 0.34 0.24 0.50 -5.55 0.000
GG vs CC Rare vs Common 0.17 0.08 0.38 -4.30 0.000
GG vs CG(Rare vsHeterozygotes 0.08 0.04 0.15 -7.41 0.000

CGvsCC

(Heterozygotes's Commoj) 2.14 1.01 451 1.99 0.046
GG+CG vs CGDominan}y 0.77 0.39 1.52 -0.74 0.460
GG vs CC+CQRecessive 0.10 0.05 0.18 -7.27 0.000
GG/CG/CC(Log additive 3.54 2.13 5.89 4.86 0.000
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Gel electrophoresis, 8quencingand structural analysis of P72R
polymorphism.

a. The uncutpro allele ha a single band353bp, Arg allele has
restricted into two fragmeni212op and 141bp by BstU1 restriction
enzyme while theheterozygotes have all three barf@53op, 212op
and 141bjp

b. Sequence of TP53 exon 4 showing a common variant (rs1042522) at
codon 72 (CGC to CCC).

. & d. Structures oproline and arginine residues.

e. Partial diagranof secondary structure elemergbgnment of wild
andpolymorphicsequence.

f. Graphic repesenation of the change®ndorsed by the A72P
polymorphismin the p53 protein structure.
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4.6 P72R Metaanalysis

Critical literaturereview of P72R polymorphism of TP53 showed notorious results
about its association with prostate cand#e thereforedesigned a stly to explore
this correlation in aystematic review and megaalysisof published literaturérom
different countriesaind different ethnic group#t is hoped that thistudy will help to
better understanthe disease development and the biological phenomiecozasing
PCarisk.

Literature search wasarried out through differemnline resources includingcience
direct, Pubmed, Chinese biomedical literatufeyman genetic mutation databasel
Google schlar from 19992013 by using t h e keywords ATP53
polymorphism OR TP53 P72R polymorphism OR TP53 single nucleotide
polymorphism OR TP53 codon 72 polymorphism OR rs1042522 paodtate
adenocarcinoma ORrostate cancer OR P&aDnly full text articles were retrieved
initially but the inclusion criterion wasthen narrowed down aratticleshavingfull
desired information werenly included in thestudy All the paperswere manually
scannedfor their inclusion on the basis ofollowing parameters, (i) caseontrol
studies with full Author/s, publication year, population and publication country
information were selectedGlinsky et al) studied having information about the
number of casesnd controls andiii) genotypesinformation of both cases and
controls A flow diagramof the colleted datawas constructediccording to the
PRISMA statement
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Figure 4.9). The required data wasthen carefully extractedas whole from each
qualified gudy, ther genotypes were analyzed and Metaanalysiswas performed

on the basis ofdith the fixed and random effect maoslel
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Althougha very strict angbrecise inclusiorriterion was setheterogeneity stilexists
due to a number gfrobablefactors.This interstudy heterogeneityas assessed more
precisely by usingrsquared, Cochran's Q and Glpiatatistis to quantitativelyassess
the percentdeviationdue to heterogeneityResults of metanalysis were graphical
represented throudkorest plot whilepublication biasness through thaanelplots on

the basis of different getic models.

A total of 250relevantjournal papersvere retrievedn the definedime frame. (nly

12 paperswere satisfyingthe requiredselectioncriteria and thus dta wasextracted

only from themin addition to ourown study The included studies comprised of a

total of 1686 cases and 1888 contr@lable 4.12). When all thedatawas pooled a

si gni gssoaatidnwas observed inbetweenthe P72R polymorphism and
increasedrisk of the diseasén all the genetic modsl(Figure 4.10). Begg's and

Egger's test were used to predict thiblation biasessalong with funneplots. The

resul ts showed signiycant het eCantpusnei ty
explorationof the resultighlightedthat population is the mosignificant causative

factor for this heterogeneityt can also be inferred that theterogeneitys due to the

differential distribution othe genotypeamong different populatior(&igure4.11).
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Figure 4.9: Flow diagram representing stepwise inclusion and exclusion of the

studiesin the Meta-analysis according tathe PRISMA statement.
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Table 4122 Genotypes details ofncluded studies

Cases Controls
Author/s Population No. | CC | GC | GG | No. |CC | GC | GG
Henner et al., 2001 Caucasian | 109 | 66 | 41 | 2 | 146| 93| 38 | 15
Suzuki et al., 2003 Japanese. | 114 | 20 | 46 | 48 | 105| 7 | 57 | 41
Huang et al., 2004 Taiwanese | 200| 66 | 92 | 42 | 247 | 54 | 109 | 84
Wu et al., 2004 Taiwanese 92 | 20 | 61 | 11 | 126| 30| 53 | 43
Leiros et al., 2005 Caucasians | 39 | 2 17 | 20 | 48 | 2 | 23 | 23
Quinones et al., 2006 Chile (Caucasiarf 60 | 14 | 24 | 22 | 117| 13 | 45 | 59
Hirata et al., 2007 Japanese 167| 22 | 89 | 56 | 167 | 26 | 80 | 61
Xu et al., 2010 southern Chines 209 | 41 | 129 | 39 | 268 | 86 | 140 | 42
Ricks-Santi et al., 2010 African descent 245 | 73 | 135| 37 | 178 | 70 | 86 | 22
Doosti and Dehkordi. 2011 Iranian 187 | 15 | 98 | 74 | 185| 24 | 111 | 50
Rogler et al. 2011 Caucasian 118 | 9 44 | 65 | 194 | 11| 79 | 104
Our Study, 2013 Pakistani 146 | 27 | 101 | 18 | 107 | 16 | 28 | 63
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Table 4.13;

Log Odd Ratios (LOR), Standard Error (SE), Variance (Var) and
P-value (P) of the included studies under dlelic contrast, GG vs
CC and GG vs GCmodels.

Allelic Contrast GGvs CC GGvs GC

Author/s LOR | SE Var | P LOR |SE |Var |P LOR |SE |Var |P
Henner et al., 2001 -0.15(0.22 |0.05|0.48|-1.67 |0.77|0.59 | 0.03|-2.09|0.79 | 0.62|0.01
Suzuki et al., 2003 -0.17 { 0.20 | 0.04|0.39|-0.89 | 0.49|0.24 | 0.07 | 0.37 | 0.29 | 0.08 | 0.20
Huang et al., 2004 -0.49 | 0.14 |0.02|0.00|-0.89 | 0.26 | 0.07 | 0.00 | -0.52 | 0.24 | 0.06 | 0.03
Wu et al., 2004 -0.40 {0.19 | 0.04|0.04|-0.96 | 0.44|0.20|0.03|-1.50| 0.39 | 0.15| 0.00
Leiros et al., 2005 0.06 {0.34 |0.12/0.86|-0.14|1.05|1.09|0.89|0.16 | 0.44 | 0.20|0.71
Quinones et al., 2006 | -0.56 | 0.23 | 0.05|0.02|-1.06 | 0.46|0.21|0.02 | -0.36| 0.36 | 0.13| 0.31
Hirata et al., 2007 -0.01 {0.16 |0.03/0.94|0.08 |0.34|0.12|/0.81|-0.19|0.24 | 0.06 | 0.42
Xu et al., 2010 0.31 |0.13 |0.02|0.02|0.67 |0.29|0.09|0.02|0.01 | 0.25 | 0.06 | 0.98
Ricks-Santi et al., 2010| 0.26 | 0.14 | 0.02| 0.07 | 0.48 | 0.32| 0.10| 0.13| 0.07 | 0.30 | 0.09 | 0.82
Doosti and Dehkordi

2011 0.37 |0.15 |0.02/0.01|0.86 |0.38|0.14|0.02|0.52 | 0.23 | 0.05]| 0.02
Rogler et al. 2011 -0.01 {0.19 |0.04|0.95|-0.27 | 0.48 | 0.23|0.57|0.12 | 0.25 | 0.06 | 0.64
Our Study, 2013 -1.07 {0.19 |0.04|0.00|-1.78 | 0.41|0.17 | 0.00 | -2.54| 0.34 | 0.12 | 0.00
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Table 4.14:

Log Odd Ratios (LOR), Standard Error (SE), Variance (Var) and

P-value (P) ofthe included studiesunder GC vs CC, Dominant and

Recessivenodels.

GCvs CC Dominant Model Recessive Model
Author/s LOR |SE |var |P LOR |SE |Var |P LOR |SE |Vvar |P
Henner et al.2001 -0.42 | 0.28 | 0.08 |0.13|0.13 | 0.26|0.07|0.61|-1.81 |0.76 | 0.58 | 0.02
Suzuki et al.,, 2003 | 1.26 [ 0.48 | 0.23 | 0.01|-1.09 | 0.46| 0.21|0.02 | 0.13 | 0.28 | 0.08 | 0.65
Huang et al., 2004 | 0.37 [0.23 | 0.05 | 0.11|-0.57|0.22|0.05|0.01|-0.66 | 0.22 | 0.05 | 0.00
Wu et al., 2004 -0.55/0.34 |0.12 |{0.11}0.12 | 0.33|0.11|0.72|-1.34 | 0.37| 0.14 | 0.00
Leiros et al., 2005 0.30 |1.05 |1.10 |0.77|-0.22|1.02|1.05|0.83|0.13 |0.43|0.19 | 0.75
Quinones et al., 2004 0.70 | 0.46 | 0.21 | 0.13|-0.89 | 0.42|0.18|0.04 | -0.56 | 0.33| 0.11 | 0.08
Hirata et al., 2007 -0.27 | 0.33 | 0.11 |0.40|0.20 | 0.31|0.10|0.53|-0.13 | 0.23| 0.05 | 0.57
Xu et al., 2010 -0.66 | 0.23 | 0.05 | 0.00|0.66 |0.22|0.05|0.00|0.21 |0.24|0.06 | 0.39
Ricks-Santi et al.,
2010 -0.41)| 0.22 | 0.05|0.06| 0.42 | 0.21|0.04| 0.04| 0.23 | 0.29| 0.08 | 0.42
Doosti and Dehkordi,
2011 -0.35| 0.36 | 0.13 | 0.33| 0.54 | 0.35|0.12| 0.12| 0.57 | 0.22| 0.05| 0.01
Rogler et al. 2011 0.38 |0.49 |0.24 |0.43|-0.32|0.47|0.22|0.50|0.06 |0.23|0.05|0.80
Our Study, 2013 -0.76 | 0.38 | 0.15 | 0.05|-0.25|0.34|0.12|0.46 | -2.32 | 0.32 | 0.10 | 0.00
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sugy, Allelic Contrast (Gvs C)  oppesucy % weignt Study GG vs CC OR(IE%C) % Weight
Henner et al., 2001 — 086 ( 0.56. 1.33) 40 Henner et al,, 2001 | =— 0.19 ( 0.04, 0.85) 3.2
Suzuki et al., 2003 — 084 { 0.57, 1.25) 20 Suzukl etal,, 2003 —s— 041 ( 0.16, 1.07) 18
Huang et al., 2004 —_— 061 ( 0.46, 0.81) 47 Huang etal., 2004 | -=— 041 ( 0.24, 0.69) 6.0
Wu et al,, 2004 —_—] 067 ( 0.45, 0.98) 55 Wu etal, 2004| —— 0.38 ( 0.16, 0.92) 58
Leiros et al., 2005 1.06 { 0.54, 2.08) 42 Lelros et al., 2005 087 ( 011, 6.73) 39
Quinenes et al,, 2006 —_— 057 ( 0.37, 0.89) 26 Quinones et al,, 2006 | -=— 0.35 ( 0.14, 0.85) 2.8
Hirata et al., 2007 —_— 089 { 0.71, 1.38) 03 Hirata et al.,, 2007 e m— 1.08 ( 0.55 2.14) 0.3
Xu et al., 2010 _— 136 { 1.03, 1.80) 83 Xu et al., 2010 —_— 195 ( 1.09, 3.52) 8.9
Ricks-Santi et al., 2010  EE— 1.30 ( 0.98 1.71) &7 Ricks-Santl et al., 2010 —.—— 162 ( 0.87, 3.00) 57
Doostl and Dehkordi. 2011 —_— 145 ( 1.10, 1.81) 84 Doostl and Dehkerdl. 2011 —_— 2.36 ( 1.14, 492) 78
Rogler et al. 2011 _— 089 ( 067, 1.47) 08 Rogleretal, 2011| —et— 0.76 ( 0.30, 1.95) 07
Our Study, 2013 [ —s— 034 ( 0.23, 0.51) 44 Our Study, 2013 = 0.17 ( 0.08, 0.38) 4.8
Fixed - 0.92 ( 0.83, 1.01}) 43.0 Fixed L 0.76 ( 0.60, 0.94) 42.9
Random —_— 0.86 ( 0.67, 1.11) 51 Random |  —=— 066 ( 0.39, 1.11) 58
Overall ——— 082 ( 0.70, 1.21) 100.0 Overall - 0,75 ( 0.43, 1.30) 100.0
Q=64.54, p=0.00, 12=80%| Q=55.00, p=0.00, 12=78%
0.4 0.8 1.2 186 2 ] 14 28 4.2 5.6 7
Odd Ratio Odd Ratio
Study GG vc GC OR (95% Cl) % Welgh GCvs CC OR (95% C1) % Welght
Henner et al,, 2001 | ——— 012 { 0.03, 0.58) 2.5 Henner et - 0.68 ( 0.23, 1.85) 5.3
Suzuki et al., 2003 1.45 ( 083, 252} 24 Suzuki et 353 ( 0.91,13.71) 1.8
Huang et al., 2004 —_—— 0.59  0.37, 0.96) 4.6 Huang et al., 2004 [ —a—— 145 ( 0.57, 3.71) 44
Wuetal, 2004 | —e— 0.22 { 0.10, 0.48) 5.1 Wu et al, 2004 | -=— 0.58 ( 0.18, 1.81) 6.0
Lelros et al., 2005 147 { 0.49, 2.82) 5.1 Lelres et al., 2005 135 ( 0.18,10.06) 4.9
Quinones et al., 2006 —_— 0.70 { 0.34, 1.41) 28 Quinones et al,, 2006 | s 201 ( 0.53, 7.61) 28
Hirata et al., 2007 —_— 0.83 { 0.51, 1.34) 0.3 Hirata et al., 2007 | —— 0.76 ( 0.25, 2.35) 0.3
Xu etal,, 2010 R 1.01 { 0.62, 1.63) 81 Xuetal, 2010 | -a-— 052 ( 0.20, 1.32) 7.3
Ricks-Santi et al., 2010 —_— 1.07 { 0.60, 1.93) 4.5 Ricks-Santi et al., 2010 | -=— 0.68 ( 0.26, 1.66) 5.2
Doostl and Dehkordi. 2011 _— 1.68  1.08, 261) 104 Doostl and Dehkordi. 2011 | —=— 070 ( 0.22, 2.28) 6.8
Rogler et al, 2011 143 { 0.70, 1.82) 1.4 Rogler et al. 2011 146 ( 0.37, 577) 0.7
Our Study, 2013 | = 0.08 { 0.04, 0.18) 4.4 Our Study, 2013 | -=— 047 ( 0.14, 1.57) 46
Fixed - 0.80 { 0.68, 0.95) 44.0 Fixed | 0.87 ( 0.63, 1.21) 326
Random —— 0.65 { 0.41, 1.05) 4.4 Random - 0.87 ( 0.63, 1.21) 17.6
Overall —~—— 0.73 { 0.42, 1.25) 100.0 Overall [ 4 0.84 ( 0.67, 1.05) 100.0
Q=83.49, p=0.00, 12=84%| Q=10.95, p=0.61, 12=0%
o 06 12 18 24 0 28 56 84 1.2 i
Odd Ratio Odd Ratio
Dominant Model Recessive Model
Study OR (95% CI) % Weight Study OR (95% CI} % Welght
Henner et al., 2001 114 ( 0.68, 1.91) 57 Henner et al., 2001 0.16 ( 0.04, 0.73) 2.9
Suzuki etal, 2003| —— 034 { 0.14, 0.83) 18 Suzukl et al,, 2003 —— 114 ( 065 1.98) 23
Huang etal, 2004 | -—=— 057 ( 0.36, 0.88) 6.1 Huang et al., 2004 ——— 0.52  0.3%, 0.80) 4.9
Wu et al., 2004 —_—— 113 ( 059, 218) 58 Wuetal, 2004 | ——o 0.26 { 0.13, 0.55) 5.
Leiros et al., 2005 0.80 ( 0.11, 5.98) 38 Lelros et al., 2005 ——————————————— | 114 ( 048, 268) 5.1
Quinones et al., 2006 [ —— 041 ( 018, 0.84) 24 Quincnes et al., 2008 e 0.57  0.30, 1.09) 2.9
Hirata et al., 2007 —_— 1.22 ( 0.86, 2.27) 0.2 Hirata et al., 2007 —_— 0.88 ( 0.57, 1.36) 0.4
Xu et al, 2010 _— 193 ( 1.25, 3.00) 89 Xu et al., 2010 R R —— 1.23 ( 076, 1.99) 7.7
Ricks-Santi et al., 2010 —— 152 ( 1.03, 2.25) 72 Ricks-Santi et al., 2010 [ 1.26 { 0.72, 2.19) 4.6
Doosti and Dehkordi. 2011 —_— 172 ( 087, 3.38) 63 Doostl and Dehkordl. 2011 —=———————— | 177 {114, 274) 9.8
Rogleretal. 2011 [ —=— 073 { 0.29, 1.82) 08 Rogler et al. 2011 —_— 1.06 ( 0.69, 1.65) 1.2
Our Study, 2013 | —e—— 078 ( 039, 1.54) 43 Our Study, 2013 | = 0.10 { 0.05, 0.18) 4.6
Fixed - 106 { 0.89, 1.26) 41.0 Fixed - 0.80 { 0.68, 0.93) 44.1
Random - 086 ( 070, 1.33) 75 Random —_— 0.68 { 0.43, 1.08) 4.4
Overall - 1.07 ( 0.80, 1.45) 100.0 Overall —t——— 0.74 { 0.44, 1.24) 100.0
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Figure 4.10: Graphical representation of the Metaanalysis results through
forest plots in different populations according to different geretic

models.
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Figure 4.11: Funnel plots representing publication biasness in different

populations according to different genotype models.
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4.6.1 Insl62G (g.7675075H179Q

The mutation was confirmed as novel through HGMD and Ensembgeinsertion
mutationsis in exon5 position 162 of TP53gsults inthe substitution oHistidine to
Glutamine at position 179 and frame shdownstream.The wild residue was
comparatively bigger, basic arlydrophilic with pK=6.0 vhile the mutant residue
has no charge.

The residue is part of aninterpro domain named53 Tumo Suppressor
Famly (IPR002117, annotated with th&O terms(G0:000367Y and GO:003700Q
to indicate its functionThese annotations indigathatthe domain has a function in
Nucleic Acid Binding(G0:000367% andNucleic Acid Binding Transcription Factor
Activity(G0:000107). Theresiduehas also annotated part of an interpro domain
namedP53/runtType Transcription FactoDNA-Binding Domain(IPR012346, an
interpro  domain name@53, DNA-Binding Domain(lPR01161%, P53Like
Transcription FactoandDNA-Binding (IPR00896).

The mutaibn is positionedin a domain important for binding of other moleculese T
mutation could affect this interaction and thereby disturb regulation of the pbgtein
disturting these contacts. The mutation might affea@ thomaininteractiors ard
thereby disturb signal transfer from bingindomain to the activity domain
(Figure 4.12). Functionally the mutation was predicted as damaging by SIFT,
probably damaging by PolyPhen2, deleterious by PROVEAN anedium by
MutationAssessofTable 4.9).
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Figure 412 ins162G in the sequence and structure of TP53

Sequence Chromatogram showing ins 162G in the TP53%xon
Structure of wd residueHistidine

Structure of mtant residuéslutamine.

& e. Comparison omutant(red) and wild type (green) residues in
the 3D structure gh53

apop
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4.6.2 C134T (g.7675103) T170M arndsl35A (g.767510) E171R

i. C134T (T170M)

The mutation was confirmed as novel through HGMD and Ensembletrditgtion

of C to T nuteotide at position 134 in exemof TP53results in the substitution of

Threonine to Methionine at position 17khewild typeresidue was buried in the core

of the protein. The mutant residue is bigger and probably will fiofThe mutant

residue is more hydrophobic than the wild. The mutation will cause loss of hydrogen
bonds in the core of the protein and as a result disturb correct folding. The wild type
residuei s predicted to be | ocated-strtamd. The s pr e
mutant residue doesot prefer betsstrand confirmationand herefore the local

conformation will be slightly destabilized.

Thewild type residue occurs often at this position in the sequence, but other residues
have also been observed other homologousequences. This residue is part of an
interpro domain named PS5Rumor Suppressor Family (IPR002117), annotated with
the following GeneOntology (GO) terms DNA Binding(GO:000367)Y and
Sequenc&pecific DNA Binding Transcription Factor Activifs0:00037000
indicateits function More broadly speaking, these GO annotations inditaethe
domain has a functiom Nucleic Acid Binding (GO:000367% and Nucleic Acid
Binding Transcription Factor ActivitggO:000107) This residue is also annotated as
part of an interpro domain namP&3/runtType Transcription Factor, DNBinding
Domain(IPR012346, interpro domain nameds53, DNA  Binding
Domain(IPR011615%.This domain is annotated with the GO terms Transcription
Regulatory Region DNA Bindin¢G0:004421%.

The mutated residue is located in a domain that is important for bindiogher
molecules ands in contact with a regulatory domain. The mutation could affect this
interaction and thereby sturb regulation of the protein and possible that the
mutation disturbs theseontacts. Thenutation might disturb the interaction between
these two domains and as such affect the function ofptbtein (Figure 4.13).
Functionallythe mutation was predicted as damaging by SHehjgnby PolyPhen2,
deleterious by PROVEAN and medium by MutationAssesEablg 4.9).
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ii. Ins 135A (g.7675101F171A

The mutation was confirmed as nbWerough HGMD and Ensembl&his insertion

of A at position 135 in exeb of TP53 results in the substitution of Glutamic acid to
Arginine at position 171 and a frame shift downwards. utant residue is bigger
than thewild type and ispositively charged while thewild residuewas negatively
charged andmaking hydrogenbond with arg249. The size difference makes
difficult for the mutantto make the same hydrogen borithe wild residuealso
making a salt bridge with p-91, arg74 andarg249, the chargedifferences will
disturb thee interactiors. It was also recorded thahe wild residue was much
conservedt this position and thusn basis ofconservation scorasmay be probably

damaging.

This residue is part of an interpro domain nam&8 Tumour Suppressor
Family (IPR002117, annotated with the GO term. DNA Binding (GO:000367Y
and Sequene8pecific DNA Binding Transcription Factor Activity (GO:0003700).
These GO annotations indicasethat the domain has a functiom Nucleic Acid
Binding (GO:000367% and Nucleic Add Binding Transcription FactoiActivity
(GO:0001071 In another annotationhis residue is part of an interpro domain
namedP53/runtType Transcription Factor, NDA-Binding Domain(IPR012346, P53
DNA-Binding Domain(IPR01161%, annotated with the GQerm, Transcription
Regulatory RegioNA Binding (GO:004421%.

The mutantesidue igart of a domain interacting withther molecules analsois in

direct contact with a regulatoryegion The ins135A may possiblydisturb this
interaction andhus disturls the regulation of the proteifFigure4.13). Functionally

the mutation was predicted as damaging by SIFT, benign by PolyPhen2, deleterious
by PROVEAN and medium by MutationAssessbaljle4.9).

78


http://www.ebi.ac.uk/interpro/entry/IPR002117
http://www.ebi.ac.uk/interpro/entry/GO:0003677
http://www.ebi.ac.uk/interpro/entry/GO:0003676
http://www.ebi.ac.uk/interpro/entry/GO:0001071
http://www.ebi.ac.uk/interpro/entry/IPR012346
http://www.ebi.ac.uk/interpro/entry/IPR011615
http://www.ebi.ac.uk/interpro/entry/GO:0044212

C134T

HoN OH
H>N
O

b Threonine C Methionine
+

OH OH
H,N | H,N
O == WE)
f Glutamic acid 9 Arginine |
j i

-
Figure 4.13: C134T and ins 135A in the sequence and structure of TP53
a. Sequence Chromatogram showing ©&34T and ins 135An the
TP53 exorb
b. Structure of wild residuthreonine C. mutantresidue
Methionine
d. & e. Comparison omutant(red) and wild type (green) residues in
the 3D structure of p53.
f.  Structure of wild residue glutamic acid g. mutantresidue
arginine
h. & i. Comparison ofmutant(red) and wild type (green) residues in
the 3D structure of p53.
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4.6.3 C79G (g.7675159 P152A

The mutation was confirmed as nothlough HGMD and Ensemble. The C to G
transversion aposition 79 in exor5 of TP53 geneesults in the substitution of
Prolineto Alanineat position 52. Proline is very rigid andhenceinduces a special
backbone conformatiofhesubstitutedesidue icomparativelysmallerand thuscan
disturb the original special conformation. Thewild residue is conservedt this
position and basd on conservation scorés79G mightprobablybe damaging to the

protein.

This residueat position 152is part of an interpro domain namé&®b3 Tumor
SuppressoFamily (IPR002117, annotatedvith the GeneOntology (GO)termsDNA

Binding (GO:000367Y and SequenceSpecific DNA Binding Transcription Factor
Activity (GO:00B700. These GO annotations indiea thatthe domain hasts

function in Nucleic Acid Binding(GO:000367% and Nucleic Acid Binding

Transcription Factor ActivityGO:000107). It is also annotated gsart of an interpro
domain named P53/ruiitype Transcription Factor, DNA&inding Domain
(IPR012346), athinterprodomain named&53, INA-Binding Domain(IPR01161%.

The mutated residue is located in a domain that is impoftarbinding of other
molecules an@lsois in contact with a regulatory domain. The mutation could affect
this interaction and therebystiurb regulatiorof the protein It is alsopossible that the
mutation disturbsthese protein contacts andight affect interaction and thereby
disturb signal transfer from bindindomain to the activity domaifFigure 4.14).
Functionally the mutation was predicted as damaging by Sifébably damagingy
PolyPhen2, deleterious by PROVEAN and medium by MutationAsseEable(4.9).
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Figure 4.14: Sequence and structural representation of C79Jutation TP53
exonbs.
a. Sequenc€hromatogranshowing C79G transversion.
b. Structure of Wildresidue Proline.
c. Structure of mtantresidueAlanine.
d. & e. lllustrations of comparison in the 3D structure obp, wild
residue is green while mutantirsred.
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4.6.4 T49G (g.7674923 V203G

The mutation was confirmed as novblough HGMD and Ensembl&his T to G
transversiomat position 49 in exc® of TP53 gene on the negative strand results in
substitution of Valine to Glycine at position 203. The mutant residue is smaller and
less hydrophobithan the wild residue. Glycinis very flexible and can disturb the
required rigdity of the protein at this position.

This residue is part of an interpro domain naR&8 Tumor Suppressor Family
(IPR002117, annotated with the Ger@ntology (GO) terms DNA
Binding (GO:000367) and Sequence&pecific DNA Binding Transcription Factor
Activity (GO:000370Q These GO annotations indicdbatthe domairhas a function
in Nucleic Acid Binding(G0O:000367% and Nucleic Acid Binding Transcription
Factor Activity (GO:000107). This resdue isalso annotated gsart of an interpro
domain named53/runtType Transcription Factor, DNA-Binding Domain
(IPR012349, P53 DNA-Binding Domain(IPR01161% and P53Like Transcription
Factor,DNA-Binding (IPR0O08967.

The mutated residue is located in a domain that is important for binding of other
moleculesandis in contact with a regulatory domain. The mutation could affect this
interaction and thereby disturb régtion of the proteirand might also canaffectits
interaction and thereby disturb signal transfer from binding domain to the activity
domain.Due to thecomparatively smaller size of tmeutant residueit will cause an
empty space in the core of the proteand alsowill result in of hydrophobic
interadions in the protein cor@igure4.15). Functionally the mutation was predicted

as damaging by SIFTrobably damagindgpy PolyPhen2, deleterious by PROVEAN
and medium by MutationAssessadriaple 4.9).
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Figure 4.15. Sequence and structural representation of T49G Mutation TP53
exon6.
a. Sequence Chromatogram showing T49G transversion.
b. Structure of Wild residue valine.
c. Structure of mutant residue glycine.
d. & e. lllustrations of comparison in the 3D structure of p53, wild
residue is in green while mutant is in red.
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4.6.5 C80G (g.767515) P153P

This transversion at codobb3 in exor5 of TP53 gee at position79 is a silent
mutation,confirmed as a novel one from HGMD and Ensembl. Jiestitutionwill
haveno effect on the proteinstructure andunction due to codon degeneracVhe

mutation was predicted as neutald benigrby the online resourgd able 4.9).
4.6.6 T14C(g.764958) P191P

This tran#ion at codon191 in exon6of TP53 geneat position14 is alsoa silent
mutation,confirmed as a novel one from HGMD and Ensembl. Jiestitutionwill
haveno effect on the proteinstructure andunction due to codon degeneracyhe

mutation was predicted as neutaald benigrby the online resourad able 4.9).

4.7 TP53 Intronic Variants

We observed twaovel intronic varants in the sampled populatigresented in

Table4.15. It wasalso noted that these introniariants were recorded both in cases
and controls and thus were furthemalyzedin detail for their possible association

with the disease.

The analysif T/A at g.767501Geveals that\ allele carriers showed significaynt
positive association withincreased risk ofPCa in allelic contrast QR=1.84;
95%CI=1.292.62; P = 0.0Q), TA vs TT(OR=2 .25; 95%CI|=137-3.69; P = 0.001)
and Dominantmodel (OR=2.13 95%CI=138-3.28 P = 0.001) At the same time,
when comparinghe casecontrols in other modelswe found a statisticallynon
significant associatigrnfor AA vs TT (OR =1.85 CI =0.923.73 P = 0.@), AA vs
TA (OR =0.82 Cl =0.381.8% P =063), and for theRecessivenodel (OR =1.52
Cl=0.77-3.03 P = 0230.

For the G allele 0§.7674991 we founda positiveassociation withincreased rick of
PCa with an OR of 152 (Cl = 1.152.01; P=0.00 for allelic contrastan OR of 2.25
(Cl = 1.303.88; P=0.00) fof T vs CCmodel| OR 0f2.20(CI = 1.343.62; P=0.0p

for TC vs CCmodeland an OR 02.40(Cl = 1.51-3.82; P=0.0pfor dominant model.
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At the same time, waegative association of P@#&en compared to controls wigm
OR of 1.02CI = 0.641.63; P=0.9%4for TT vs TC modeland an OR 00.7QCI =
0.47-1.03; P=0.0Yfor recessivenodel(Table4.16, Table4.17 andFigure4.16).

Table 4.15. TP53 intronic variants (Reference sequence; NC_000017.11)

Chr ChrEnd
S.No| Intron StartPosition Position variant Status
1. 5 7675016 7675016 g.7675016 T/A | Novel
2. 5 7674991 7674991 0.7674991 T/A | Novel
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Table 4.16. Genotypes and their allelic frequencies of TP53 T/A transversion
at chromosomal position g.7675016 and C/T transition at

chromosomal positiong.7674991 irProstateadenocarcinoma

Case (n=200) Controls n=200
Alleles | Genotype

No. | %age | Frequency No. | %age | Frequency

T-allele 299 | 74.75 0.75 338 | 84.5 0.85
A-allele 101 | 25.25 0.25 62 15.5 0.15
g.7675016 TT 121 | 60.5 0.60 153 | 76.5 0.77
TA 57 28.5 0.29 32 16 0.16
AA 22 11.0 0.11 15 7.5 0.07

C-allele 175 | 43.75 0.44 217 | 54.25 0.54
T-allele 225 | 56.25 0.56 183 | 45.75 0.46

g.7674991
cC 37 | 1850 | 0.19 67 | 33.50 0.34
CT 101 | 5050 | 0.50 83 | 41.50 0.41
TT 62 | 31.00| 0.31 50 | 25.00 0.25
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Table 4.17. Association of TP53 T/A transversion at chromosomal position
g.7675016and C/T transition at chromosomal positiong.7674991
in and risk of Prostate adenocarcinoma

Alleles Genetic Model Odd Ratio | 95%ClI Z-stat | P-value

Allelic contrast

1.84 1.292.62 3.40 0.001
(AvsT)
Rare vs Common

1.85 0.923.73 1.73 0.08
(AAvsTT)
Rare vs Heterozygotes

0.82 0.381.81 | -0.48 0.63
(AAvs TA)

g.7675016

Heterozygotes vs Commo

2.25 1.37-3.69 3.22 0.001
(TAvsTT)
Dominant

2.13 1.383.28 3.42 0.001
(AA+TA Vs TT)
Recessive

1.52 0.773.03 1.20 0.230
(AAvs TT+TA)
Allelic contrast

1.52 1.152.01 2.96 0.00
(TvsC)
Rare vs Common

2.25 1.303.88 2.89 0.00
(TT vs CC)
Rare vs Heterozygotes

1.02 0.641.63 0.08 0.94
(TTvs TC)

g.7674991

Heterozygotes vs Commo

2.20 1.343.62 3.13 0.00
(TCvs CC)
Dominant

2.40 1.51-3.82 3.69 0.00
(TT+TC vs CC)
Recessive

0.70 0.471.03 | -1.80 0.07
(TT vs CC+TC)
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Figure 4.16: TP53intronic variants.

a. Sequence chromatogram showing TP53 T>A variamttion-5 at
genomic position g.7675016.
b. Sequence chromatogram showing TRS3T variant inintron-5 at

genomic position g.76M091
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Activation of p53is initiatedthroughmultiple mechanisms including phosphorylation
by ATR, ATM and Chk1 etc. MDM2 binds with p53 and target# for proteasomal
degradation(Shi and Gu, 2012 Phosphorylation, p1l4ARF and USRYoid p53
MDM2 bindingand lead$o anescalatiorof stable p53 tetramers in the cytoplasm.

According to the literaturgy53 has twdNES (uclearexport signalg i.e. one at the
C-terminus (Stommel et al., 199%ndthe other one ahe N-terminustransactivation
domain(Zhang and Xiong, 20Q1(Kudo et al., 1998Wolff et al., 1997. The NES at
the Gterminushas theability to connectp53 with subcellulatocalization and nuclear
functions(Stommel et al., 1999Publish data revealatiatphosphorylation ofthe G
terminal serine392 mightstabilize p53 tetramers, while phosphorylation of reeri
315 and serine392 may destabilizethe tetramer(Jimenez et al., 1999.iang and
Clarke, 2001 Geyer et al., 2000 Some studiesindicated thatMDM2 mediated
ubiquitination of p53 enabdts export to the cytoplasitGeyeret al., 2000Lohrum
et al., 200L

The nuclear export signalat theN-termirus of p53 also beemprovedto induceits

nuclearexport. ThisN-terminal NES isusually active in unstressed cells, bgets
inactivated by DNAdamagewhich allow its quick nuclearaccumulation(Zhang and
Xiong, 2001 (DUMAZ et al., 200). It was furtherproposed thatnutations in the N
terminal NESimit its interaction with the export recept@fussie et al., 1996

Keeping in viewthe vital role of p53 in cancer suppressiand preventionit may be
revokedduring carcinogenesi®oint mutations deactivatggb3 in more tharmalf of

the human cancers (sédtp://www.iarc.fr/p53, majority of which occurring in the

DNA binding domain These mutationgither dangeits conformation oravoid its
DNA contact(Hollstein et al., 1997 All of our reported point mutations are in the
DNA binding domain ofp53 and it is herefore expected that these taiions will
result in conformational change and thusll affect its interactions as well.
TP53missense mutationgenerallyrepressits functionrs and mayhave a dominant
negative effect on transactivation of other genes contapibi3gspecific responsive
elementgEcke et al., 200).
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4.8 PTEN

The PTEN protein is made up of 403 amawds. Structurand functional annotation

of genetic variationss vital to apprehendher diverse impactsA single base change
can eversignificantly endorse changes ingene product or sontemes of multiple
gene productsWe first confirmed the conservativeness of PTEN across different
species phylogenetically throughhylomeDB and TreeFam (Figure 4.17) which

confirmed that the gef@rotein is conserved across the species evolutionarily.

Molecular levelchangescan affect the phenotype of cells, tissues and finally the
organismsThereforethe PTEN protein was analyzed in detail for the possible impact
of point mutations on its structure, function and folding patterexplorehow they

affect thestructures angropertiesof a gene product

In this study, all the PTEN exons from caseontiol samples of prostate
adenocarcinoma from Pakistani population were analyzedtah of nine exonic and
five intronic variantswereidentified, out of the nine exonic variants 8 are novel while

only one (H93Q) was previously report@dble4.18).

Tertiary structure of wild type PTEN protei(Figure 4.18) has already been
determined through JRay crystallography (PDB id: 1D5Rlee et al., 199Phaving

aresolution of 2.10 Alt comprisesa 179residue Ntermiral domain (residues 1.85)

having PTP signature motif and a 166ésidue Gterminal domain consising of a
structureanalogousto the C2 domainThis domain facilitateshe Ca2+dependent

membrane recruitment ofultiple signaling proteinsincluding phosphoiwsitide
3-kinase (PI3K)C, 1 (PLC 1) and protein kinase C (PK@Rizo and Sudhof, 1998

The C2 and phosphatase domaiieractthrougha largeinterface consiss of several

conserved residueasghich are reportettequently mutated idifferentcances.
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Figure 4.17: Evolutionary history showing conservativeness d?TEN protein.
a. Evolutionary history oPTEN alongwith pfam domains througRhylomeDB

b. PTEN gene tree througfreeFam
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Table 4.18;

PTEN Exonic variants

Ref Chr ChrEnd | Residue Reported

S. No| Exon Allele VarAllele StartPosition | Position | change MutType By
1. 5 G C 87933015 | 87933015 A86P | Missense| Novel
2. 5 G A 87933030 | 87933030 E91K | Missense| Novel
] Rodriquez
3. 5 T G 87933038 | 87933038 H93Q | Missense| Escudero
et. al.,

2011

4. 5 G C 87933050 | 87933050, Q97H | Missense| Novel
5. 5 G T 87933054 | 87933054 E99* | Nonsens€g Novel
6. 5 G A 87933228 | 87933228 E157K | Missense| Novel
7. 8 CAC TTT 87960906 | 87960908 H272F | Missense| Novel
8. 8 T C 87960951 | 87960951] S287P | Missense| Novel
9. 8 G A 87960954 | 87960954 E288F | Missense| Novel
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In view of the structure and function relation of protein, native and mutant structures
were comparedb evaluatethe level of similarity It was observed that six mutations
(A86P,E91K, H93Q, Q97H, E99* and E157Ig)ein the C2 domain, while mutations
H272F, S287P an#288F areén DSPc domainKigure 4.17). Secondary structures
were predicted for seed and mutated versions of the PTEN proteins and were
compared with themselves as well as other model organiBigsré 4.19). There

were observed significant changes. It was also observed that majority of the mutations
were at the conserved sites and titusan be inferred that, these changes may be
translatedinto the higher order conformatiomsd thus were studied in the tertiary

structuresas well

The HCXXGXXR signature motibf PTEN makes P loop (residues 123.30) at the
bottom ofits active site. Théackbone of the pocket are made up of the P loofewhi
its walls from the side chais. The pocketis approximately8A deepand has an
opening of approximatelyx11A.Cys-124 and Argl30 residuesf the HCXXGXXR
motif are importantfor catalysis His-123 and Glyl27 for P loop conformation
Asp-92 actsas a acid toassistprotonation of the phenolic oxygextom (Jia et al.,
1995. One of our reported mutatiortd93Q is very close to Asp2, which can
possibly disrupt the functionality of protein. The P loop sequence of PTEN is unique
among known PTR$avingtwo basic residuesse. Lys-125 and Lysl28in its center
and isconserved in yeast homologMaehama and Dixon, 1988Results ofthe
functional impac of our identified variations learacterized through automated

resources areummarizedn Table4.109.
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°TEN

# Mutations

Figure 4.18: Structure of PTEN protein.
a. Crystal structure of PTEN proteifPDB ID: 1D5R)bound with

L(+)-tartrate molecule
b. Lollipop plot of PTEN mutations of exonic regions tine sampled

population, & mutations are in the DSCP domain while three are

in the PTEN_C2 domain.
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Table 4.19:

Status of PTEN Exonic variants confirmed through HGMD,

Ensembl

different servers

along mutants functional

impact analysis through

Residue Mutation
S. No Reported By SIFT PROVEAN PolyPhen2
change Assessor
1. A86P Novel Damaging | Deleterious | Medium | Probably Damaging
2. E91K Novel Tolerated neutral Low Probably Damaging
RodriquezEscudero ] . . ]
3. H93Q Damaging | Deleterious High Probably Damaging
et. al., 2011
4, Q97H Novel Tolerated neutral Low Probably Damaging
5. E99* Novel Truncated protein
6. E157K Novel Tolerated neutral Low Benign
7. H272F Novel Damaging | Deleterious Low Probably Damaging
8. S287P Novel Tolerated neutral Low Benign
9. E288F Novel Damaging | Deleterious Low Possibly Damaging
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Secondary structure analysis of wild and mutant PTEN proteins

along with some other species (mutations in the exonic regions

only)

96



Each variant was studied independently in detail for its possible structural and

functional impacts as follow,
4.8.1 G3C(g. 87933015A86P

The trangersion d G to C nucleotide at pgition-3 (exon5) in PTEN gene results in
the substitution oAlanine to Proline at positieB86. The mutation was confirmed as a
novel one from both the HGMD ariehsembl. Thanutant residue is bigger than the
wild type and is located within @lomain, annotated itUniProt as "Phosphatase
tensintype”. It introducesa residuewith different propertiesable to disturb the
domain.Thewild residue(alanine)wassmaller anduriedwhile the mutant is bigger
andwill not fit properly Proline is a very rigidresidueand can disturb theequired
flexibility at this position.

This residue is part of an interpro domain nabedl Specificity Phosphatasad
Catalytic Domain( IPR000340, annotated with the GO term Protein
Tyrosine/serine/threonine Phosphatase Activi30:0008138 The GO annotation
indicates that the domain has a functian HydrolaseActivity (GO:001678Y. The
residue isalso annotated as part of amterpro domain name@roteinrTyrosine
Phosphataskike (IPR02902}, Tensin  Phosphatase, Lipid Phosphatase
Domain(IPR029023, ProteinTyrosine Phosphatas¢lPR00359%, Pdz Domain
Binding (GO:0030165), Magnesium ion Binding (G0:0000287),
PhosphatidylinositeB,4,5Trisphosphate -Phosphatase Activity (GO:0016314) and
Protein Tyrosine Phosphatase AtiMG0O:0004725)These GO annotations indicate
that the domain has a function inProtein BindingGO:000551% ion
Binding (GO:004316% andHydrolase Activity(GO:0016787.

The mutation is ira domain that isentralto the proteinactivity andis alsoin contact

with anotherdomain. The mutation can affect this interaction atmis affect the
protein function thereby affeghg its catalytic activity and signal transduction
between the domain@~igure 4.20). Only this residue was found at this position,
functionally the mutatio was predicted as Damaging by SIFT, Probably damaging by
PolyPhen2, Deleterious by PROVEAN and medium BjutationAssessor
(Table4.19).
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Figure 4.20: Sequence and structure analysis of PTEN A86P mutation
a. Sequence chromatogram showing G3C transversion in the gene
sequence.
b. Wild residue alanine.
Mutantresidue Proline.
& e. Comparison omutant(red) and wild type (green) residues in
the 3D structure of PTEN.

o o
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4.8.2 G18A (g.7933030)E91K

This transitionof G to A nucleotide atodon 91 aposition18in the exor5 of PTEN
gene results in the substitution @flutamic acid to LysineThe mutation was

confirmed as a novel one from both the HGMD and Ensembl.

The mutant residue is bigger than thald residueThe wild type residue was
negatively charged, the mutant residue is positicelgrged. Thenutant amino acid

is not in directcontact with a ligand, howevehe mutation could affect the local
stability whichin turn could affect the ligancbntacts made by one of theighboring
residuesThe size difference between the wild and mutant residue disturb the position
of residue and the new residue is unable to make a hydrogen bond wifi4.ASme
mutation also disturbs the sdiridge with Lys221 and 254 because of chige

difference.These differences may possibly abolish contacts with other molecules.

Neither the mutantnor anothermnalogousesidue wasvitnessedat this position in
other homologous sequencasd thus this mutation is probably damaging to the
protein(Figure4.21). The mutation is located within domain, annotated ibniProt
as"Phosphatase tenstgpe" andintroducesa residuewith totally different properties
The domain is annotated with the G@rm, Protein Tyrosine/serine/threonine
Phosphatase ActivitfGO:0008138 The GO annotations indicat¢hat the domain
has a function in Hydrolase Activity (GO:001678Theresidue isalso annotated as
part of an interpro domain nam@doteinTyrosine Phosphatadeke (IPR02902],
Lipid Phosphase Domain(IPR029023, an interpro domain namegi-functional
Phosphatidylinositol Trigphosphate Phosphatase/dual Specificity Phosphatase
(IPRO1736), annotated withGO terms, Pdz Domain BindingGO:003016%,
Magnesium ion Binding(GO:000028), PhosphatidylinositeB,4-Bisphosphate
3-Phosphatase  ActivitfGO:0051800, PhosphatidylinositeB,4,5Trisphosphate
3-Phosphatase  ActivitfGO:0016314% and Protein Tyrosine Phosphatase
Activity (GO:0004725%.

Functionally the mutation was predicted as Tolerated by SIFT, Probably thantgg
PolyPhen2, neutral by PROVEAN and low MytationAssessofTable4.19).
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O

Lysine

Figure 4.21: Sequence and structure analysis of PTEN91K mutation

a. Sequence chromatogram showi@l8A transtion in the gene
sequence.
b. Wild residueGlutamic acid c. MutantresiduelLysine
d. & e. Comparison ofmutant(red) and wild type (green) residues in
the 3D structure of PTENrotein
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4.8.3 T26G @.87933038H93Q

TheT to Gtransversiorat codon 93 in exeb at position 26f PTEN gene results in
the substitution oHistidine toGlutarine. The mutatioris apreviously reporte@dne
(RodriguezEscudero et al., 20L1The mutant residue is smalland has different
properties than the wild residuéelhe wild interacts witha ligand (TLA), the
difference in properties caabolish thisinteractionwhich isimportant for the protein
function The residue at this position is conserved and probabbab®gingto the

protein.

The mutation is located within domain, annotated ifUniProt as "Phosphatase
tensintype”. This residue is part of an interpro domain named "Dual specificity
phosphatase, catalytic doma{iPR00034(), annotated with the Ger@ntology term
Protein Tyrsine/serine/threonine Phosphatase Acti{@{p:0008138 It indicaes
thatthe domain has a function Hydrolase Activity(GO:0056787. This residue is
also annotated apart of an interpro domain name@roteinTyrosine Phosphatase
Like (IPR02902), an interpro domain namédnsin Phosphatase, Lipid Phosphatase
Domain(IPR029023, Bi-functional Phosphatidylinositol TAghosphate Phosphatase
(IPRO1736), Pdz Domain BindindGO:003016% Magnesium ion Binding
(G0O:000028Y, PhosphatidylinositeB,4-Bisphosphate -Phosphatase Activity
(G0O:005180) and Protein Tyrosine Phosphatase ActiiyO:000472% These GO
annotations indide thatthe domain has a function Rrotein BindingGO:000551%,

ion Binding(G0:004316Y andHydrolase Activity(GO:001678Y.

The residue igositionedon thesurfaceof the proteinin a domainrequiredfor its
main activity.It may be incontact with other molecules or domaitiee smaller size
of the mutant residueill cause a possible loss of extermateractiongFigure4.22).
Functionally the mutation was predicted amagingby SIFT, Probably damaging
by PolyPhen2, Deleterious by PROVEAN and High by MutationAssessor
(Table4.19).
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Sequence chromatogram showiii@6G transersion in
the gene sequence.

Wild residueHistidine c. Mutantresidue
Glutamne
& e. Comparison omutant(red) and wild type (green)

residues in the 3D structure of PTEN protein.
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4.8.4 G38C .87933050Q97H

The transitionof G to C nucleotide at codon/at position38 in the exor5 of PTEN

gene results in the substitution @&lutamine to Histidine The mutation was
confirmed as a novel one from both the HGMD and Ensenitd. mutant residue is
biggerandis positioned in alomain, annotated idniProtas Phosphatase temsype

The genetic changmtroducesa residuewith different propertiesable toaffect the
domain and it$unction. This domain is actually important for the main activity of the
protein. It is found to be in contact with another domain known tnbeved in
binding. The mutation can affect this interaction and thereby disrupts the functionality
and signal transduction between the doméhingufe4.23).

As the mutation is in codon 97, whicls part of an interpro domain nambdal
Specificity Phosphatase, Catalytic DoméiPR00034(), annotated with the GO term
Protein Tyrosine/serine/threonine Ppbatase ActivitfGO:0008138 and hasa
function in Hydrolase Activity(GO:001678). The domain is also annotated as
ProteinTyrosine Phosphatadeke (IPR02902), Tensin Phosphatase, Lipid
Phosphatase Domain(IPR029023, ProteinTyrosine Phosphatas Catalytic
(IPR0O0359%, Bi-functional Phosphatidylinositol TrHgshosphate Phosphatase/dual
Specificity PhosphataseTEN (IPR01736}, also annotated with the GO terms
G0:0030165 (Pdz Domain Binding) GO:0000287 (Magnesium ion Binding)
GO0:0051800 (PhosphatidylinositeB,4-Bisphosphate -#Fhosphatase  Activi}y
G0:0016314(PhosphatidylinositeB,4,5Trisphosphat 3-Phosphatase Activifyand
G0:0004725Protein Tyrosine Phosphatase Activitg)indicate its function

The mutation wagound conserved at this position and is probably damaging to the
protein. Functionally the mutation was predicted as Damaging by SIFT, Probably
damaging by PolyPhen2, Deleterious by PROVEAN and HigMbiationAssessor
(Table4.19).
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Figure 4.23: Sequence and structure analysis of PTER97H mutation
a. Sequence chromatogram showing8G transition in the gene
sequence.
b. Wild residue Glutanme c. Mutantresidue
Histidine
d. & e. Comparison ofmutant (red) and wild type (green)
residues in the 3D structure of PTEN protein.
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4.8.5 G42T(g.87933054F99X

The trangersionof G42T in exors of PTEN gene results in an introduction of stop
codon at position 98f the polypeptideThe mutation was confirmed as a novel one
from both the HGMD and Ensemflhe mutation will yield a truncated polypeptide.
The PTEN protein has 403 residues and contains a 179 resiterenial domain
and a 166 r@due Gterminus domain. The stop codon is in the DSPc domain so
protein will lose part of this domain and a completeddfain, thus the truncated
polypeptides willloseits function. So it can be concluded that the mutation will have

a loss of function féect, but needs further characterization in the wet lab

(Figure4.24).
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Figure 4.24: Sequence and structure analysis of PTEE99X mutation
a. Sequence chromatogram showing23 tranwersionin the gene

sequence.

Stop Codon and resultsin a

truncated protein

b. Wild residue Glutamic acid
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4.8.6 G217A(g.87933228E157K

G to C nucleotiddransitionof at codonl57 (position217) in exon5 of PTEN gene
results in the substitution of Glutagrécidto Lysine. The mutation was confirmed as
a novel one from both the HGMD and Enseniliie mutant residue is biggandis
positively chargedvhile the wild residue was negatively charg&dis differene of
charge carpossibly disurb interactionswith other moleculesFurthermore, the salt
bridge with Argl4 andLys-163 formed by the wildesiduealso gets disturbed by

this change.

The mutatioroccurredwithin a domain, annotated loniProtas"Phosphéase tensin
type", termed in interpro as Dual Specificity Phosphatase, Catalytic
Domain(IPR000340 and annotated with the Ger@ntology term Protein
Tyrosine/serine/threonine Phosphatasévity (GO:0008138to indicate its function.
The GO annotationindicates thatthe domain has a functiomn Hydrolase
Activity (GO:001678). The domain is also termed liyterpro as ProteirTyrosine
Phosphataskike (IPR02902), Tensin Phosphatase, Lipid Phosphatase Domain
(IPR029023, ProteinTyrosine Phosphatase, CatalyieR00359% andBi-functional
Phosphatidylinositol Trigphosphate Phosphatase/dual Specificity Phosphatase
PTEN (IPR01736}, Pdz Domain BindindGO:003016% Magnesiumion Binding
(GO:0000287, PhosphatidylinositeB,4-Bisphosphate -Phosphatase Activity
(GO:005180), PhosphatidylinositeB,4,5Trisphosphate -Phosphatase Activity
(GO:001631%, Protein Tyrosine Phosphatase ActiiO:000472% and Protein
Binding (GO:0005515%.

The mutation is in a domainimportant for the main activityFigure 4.25). The wild
residue is highly conserved at this positibanctionallythe mutation was predicted
asdamagingby SIFT, prabably damagindy PolyPhen2deleteriousoy PROVEAN
andlow by MutationAssessofTable4.19).
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Figure 4.25. Sequence and structure analysis of PTER157K mutation

a.

Sequence chromatogram showingl@A transition in the gene
sequence.

b. Wild residue Glutamic acid c. Mutantresidue Lysine.
d.

& e. Comparison ofmutant (red) and wild type (green)
residues in the 3D structure of PTEN protein.
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4.8.7 CAC13-15TTT(g.87960906379609@) H272F

This mutation of codon 272 in exe® of PTEN at position 135 results in the
substitution of Histidine to Phenylalanine. The mutation was confirmed as a novel one
from both the HGMD and Ensemflhe mutant residue is comparatively bigger and
more hydrophobic. Thesubstitutions are positionedithin a domain, annotated in
UniProt as "C2 tensintype" andintroduces aesiduewith different propertiesThe

wild residue was found highly conserved at this position and thus it can be inferred

that this change can potentially disturb this domain and is prodabiaging.

This residue is part of an interpro domain namedsin Phosphatase, C2
Domain(IPR01402(, interpro domain name#i-functional Phosphatidylinositol
Tris-phosphate Phosphatase/dual Specificity PhosphataSEN @PR017361),
annotated with the Ger@ntology (GO) term$iGO:0030165Pdz Domain Bindiny
G0:0000287 (Magnesium ion Binding G0O:0051800 (Phosphatidylinosite8,4-
Bisphosphate -Phosphatase Activity) GO:0016314 (PhosphatidylinositeB,4,5
Trisphosphate -Phosphatase Activity)GO:0004725(Protein Tyrosine Phosphatase
Activity)0 to indicate its functiom as Protein Binding{GO:000551% ion
Binding (GO:004316Y andHydrolase Activity(GO:0016787.

Codon 272 is part o domainvital for the PTENmain activity thus it is probable

that he differencesn size and hydrophobicity will lead tdisturtance inthe core
structure This change is also able to abolish hydrogen bonds in the protein core of
and as a result disturb correct folding and thereby affectcatslytic activity
(Figure4.26). Functionally the mutation was predicted as Tolerated by SIFT, Benign
by PolyPhen2, Neutral by PROVEAN and Low MytationAssessofTable4.19).
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Figure 4.26. Sequence and structure analysis of PTEN H272F mutation
a. Sequence lwromatogramshowing CAC1315TTTmutationin
the gene sequence.
b. Wild residueHistidine c. Mutantresidue
Phenylalanine
d. & e. Comparison ofmutant (red) and wild type (green)
residues in the 3D structure of PTEN protein.
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4.8.8 T58C(g.8796095)S287PandG61A (g.87960954E288F

. T58C (S287P

This transitionmutation of codon &7 in exon8 of PTEN at positio®8 results in the
substitution ofSerineto Proline. The mutation was confirmed asvel from HGMD
and EnsemblThe mutant residue is biggand more hydrophobic thamhe wild
residuewhich was making &aydrogen bond with the P#283.Due to larger size and
difference in hydrophobicity, thenutant residue is not in theccuratedistance and

position to makesimilar bond

Ser287 is positionedn a domain, annotated idniProt as "C2 tensintype". The
mutationleadsto a residue withdifferent properties, which cagisruptthis domain
and suppressts function.The wild residue favordthelix in the 3Dstructure, while
the mutant residue (Proline) tends to disrupt ¢oisformation if not present at one of
the first three positionsF{gure 4.27). If the helix gets disturbed, this might have

severe structural impacts.

Missing

hydrogenbond

Figure 4.27: U-helix showing disruption of hydrogen bond due tonutation
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This residue(Ser28) is part of an interpro domain namé&dnsin Phosphatase, C2
Domain(IPR014020, annotated aBi-functional Phosphatidylinositol TrHghosphate
Phosphatase/dual Sykedty Phosphatase HEN (IPR01736). This domain is
annotated with the Ger@ntology (GO) termPdz Domain BindindGO:0030163,
Magnesium @n Binding(G0O:000028), PhosphatidylinositeB,4-Bisphosphate
3-Phosphatase  ActivitfGO:005180), Phosphatidylinosdl-3,4,5Trisphosphate
3-Phosphatase Activit§GO:001631%, Protein Tyrosine Phosphatase Activity
(GO:000472% These annotations demonstrate its function in Protein
Binding (GO:000551% ion Binding(GO:004316Y and Hydrolase Activity
(G0:0016787.

The mutated residue Isasedin an importantdomain onits surface thus it can be
suggested thathis changecan interruptits interactiongFigure 4.28). The wild type
residue is conservedt this position Functionally the mutation was predicted as
tolerated by SIFT, benign by PolyPhen2,neutral by PROVEAN and low by
MutationAssessofTable4.19).

i.  GB61A(E288P

The mutation was confirmed as a novel one from both the HGMIEasdmbl. This
transition of G to A at codon 288 exon8 o PTEN results in the substitution of
Glutamic acid taPhenylalanineThe mutant residue is biggenore hydrophobic and
neutra] while thethan the wildresiduewas negatively charged@he mutation is
located within a domain, annotatedlimiProtas "C2 tensittype" andintroduces a
residue with totallydifferent propertiesThese differences can potentially interrupt

this domairstructurally andunctiorally.

Glu-288 is part of an interpro domain name€2 Domain(IPR014020 and
Bi-functional Phosphatidylinositol Trghosphate Phosphatase/dual Specificity
Phosphatase TEN (IPR01736), annotated with the GO termPdz Domain
Binding (GO:003016%, Magnesium ion Binding(G0:0000287,
PhosphatidylinositeB,4-Bisphosphate  -Phosphatase ActivitgGO:005180),
PhosphatidylinositeB,4,5Trisphosphate -Phosphatase Activit§GO:0016314 and
ProteinTyrosine Phosphatase Activi(¢0:000472%. These annotatiordemonstrate
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its functiors in Protein BindingGO:000551% ion Binding (G0O:004316)Y and
Hydrolase Activity(GO:001678Y.

Glu-288is located on the surfacd the domaimandits interactionsmight be affeted
by this mutation.The wild residue loses itcharge which can cause loss of

interactions with other molecul¢Bigure4.28).

The wildresidue is notery conserved at this positioRunctionallythe mutation was
predicted as damaging by SIFT, pably damaging by PolyPhen2, deleterious by
PROVEAN and low byMutationAssessofTable4.19).
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Figure 4.28 Sequence and structure analysis of PTENS287Rnd EZ288F

mutations

a. Sequence chromatogram showiM§8C and G61Amutatiors in
the gene sequence.

b. Wild residueSerine c. MutantresidueProline

d. & e. Comparison omutant(red) and wild type (green) residues in
the 3D structure of PTEN

f.  Wild Glutamic acid g. Mutantresidue Phenylalanine.

e. & i. Comparison ofmutant(red) and wild type (green) residues in
the 3D structure of PTEN
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4.9 PTEN Intronic Variants

We observedfour novelintronic variants in PTEN along with a number exonic
variants(Table 4.20). Theintronic variants were recorded in both cases and controls
and thuswere evaluatedfor their possible association witbrostate canceusing
unconditional logistic regression under differgeheticmodels.

In our study population, we found no associatletweenprostate canceand the
0.87891382 G>A varianin all models AA vs TT (OR =1.85 Cl = 0.9-3.76
P=0.0),AAvs TA(OR =1.96 CI =0.954.08 P =0.0), TAvs TT (OR =0.94 CI
=0.621.44 P = 079), Dominantmodel (OR =1.08 Cl =0.731.61 P = 069) and
Recessive model (OR1:90 Cl = 096-3.77, P = 0.0) except allelic contrast
(OR =1.87. Cl =1.362.58 P = 0.@).

The T allele of variant at g.8793299Bad an association witimcreased risk othe

diseasen all models excepiT vs CC(OR =0.94 CI =0.531.67; P=0.88 Highest
OR wasrecordedfor TC vs CC (OR = 4.14; Cl = 2.68.59; P=0.00and Dominant
model (OR = 4.08; Cl = 2.68.32; P=0.0Q) Our analyses als@evealedpositive

correlation for the Recessive model (OR = 1.73; Cl =-2@5; P=0.05) andllelic

contrast (OR 2.26 Cl1 =1.693.01; P=0.0D

The analysis ofT>C variant at g.87960832howed that C allele carriersare
significanty associatd with the disease riskh Dominant model (OR = 1.53; CI =
1.032.27; P=0.04) and allelicontrast (OR .38 CI =1.031.85 P=0.03. Negative

association was observedh@n comparethroughother models

For the G allele oA>G variant atg.87960772we foundsignificant association for
all the models except TC vs GOR =0.83 Cl =0.451.54 P=056) (Table4.21 and
Table4.22).
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Table 4.20:

PTEN intronic variants (Reference sequence; NC_000010.10)

Chr ChrEnd
S.No | Intron | StartPosition | Position Variant Status
1. 1 87891382 | 87891382 (¢.87891382G>A Novel
2. 4 8793000 | 87932999 g.87932999C>T Novel
3. 7 87960832 | 87960832 g.87960832T>C Novel
4. 7 87960772 | 87960772 g.87960772A>G Novel
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Table 4.21: Genotypes and their allelic frequencies of PTEN G/A transition at
chromosomal position g.87891382, C/T transition at g.87932999,
T/C transition at g.87960832 and A/G transition at g.8796077ia

Prostate adenocarcinoma

Cases (n=200) Controls n=200
Alleles | Genotype
No. | %age | Frequency No. %age | Frequency
G-allele 180 | 45.00 0.45 295.00| 73.75 0.74
A-allele 120 | 30.00 0.30 105.00| 26.25 0.26
0.87891382 GG 105 | 26.25 0.26 109.00| 27.25 0.27
GA 70 17.50 0.18 77.00 | 19.25 0.19
AA 25 6.25 0.06 14.00 | 3.50 0.04
C-allele 201 | 50.25 0.50 |278.00| 69.50 0.70
T-allele 199 | 49.75 0.50 122.00| 30.50 0.30
08793299 CC 42 10.50 0.11 104.00| 26.00 0.26
CT 117 | 29.25 0.29 70.00 | 17.50 0.17
TT 41 | 10.25 0.10 26.00 | 6.50 0.07
T-allele 248 | 62.00 0.62 277.00| 69.25 0.69
C-allele 152 | 38.00 0.38 123.00| 30.75 0.31
0.87960832 TT 80 20.00 0.20 101.00| 25.25 0.25
TC 88 22.00 0.22 75.00 | 18.75 0.19
CC 32 8.00 0.08 24.00 | 6.00 0.06
A-allele 235 | 58.75 0.59 334.00| 83.50 0.84
0.87960772 G-allele 165 | 41.25 0.41 66.00 | 16.50 0.17
AA 108 | 27.00 0.27 151.00| 37.75 0.38
AG 19 4.75 0.05 32.00 | 8.00 0.08
GG 73 18.25 0.18 17.00 | 4.25 0.04
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Table 4.22:

Association of PTEN G/A transition at chromosomal position

0.87891382, C/T transition at ¢.87932999, T/C transition at
transition at g.87960772n Prostate

0.87960832 and A/G
adenocarcinoma

Alleles | Genetic Model OR LCI UCl Z-stat | P-value
Allelic contrast (A vG) 1.87 1.36 2.58 3.83 0.00
Rare vs Common
1.85 0.91 3.76 1.71 0.09
(AA vs GG)
Rare vaHeterozygotes
1.96 0.95 4.08 1.81 0.07
0.87891382 (AA vs GA)
Heterozygotess Common
0.94 0.62 1.44 -0.27 0.79
(GAvsGG)
Dominant (AA1GA vsGG) | 1.08 0.73 1.61 0.40 0.69
Recessive (AA v&G+GA) | 1.90 0.96 3.77 1.83 0.07
Allelic contrast (T vs C) 2.26 1.69 3.01 5.51 0.00
Rare vs Common
(TT vs CC) 3.90 2.13 7.17 4.39 0.00
Rare vaHeterozygotes
9.87933000
(TTvsTC) 0.94 0.53 1.67 -0.20 0.84
Heterozygotess Common
(TCvs CC) 414 2.60 6.59 5.99 0.00
Dominant (TT+TC vs CC) | 4.08 2.63 6.32 6.27 0.00
Recessive (TT vs CC+TC)| 1.73 1.01 2.95 1.99 0.05
Allelic contrast Cvs T) 1.38 1.03 1.85 2.16 0.03
Rare vs Common
(CCvsTT) 1.68 0.92 3.08 1.69 0.09
Rare vaHeterozygotes
(CCvs TC) 1.14 0.62 2.10 0.41 0.68
0.8796083
Heterozygotess Common
(CTvsTT) 1.48 0.97 2.27 1.81 0.07
Dominant CC+TCvs TT) 1.53 1.03 2.27 2.11 0.04
Recessive{Cvs TT+TC) 1.40 0.79 2.47 1.15 0.25
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9.87960772

Allelic contrast (GvsA) 3.55 2.55 4.95 7.52 0.00
Rare vs Common

6.00 3.35 10.75 | 6.03 0.00
(GGvVsAA)
Rare vaHeterozygotes

7.23 3.33 15.70 | 5.00 0.00
(GGVsAG)
Heterozygotess Common

0.83 0.45 1.54 -0.59 0.56
(AG vsAA)
Dominant GG+tAG vsAA) | 2.63 1.72 4.02 4.44 0.00
RecessiveGGVvs AA+AG) | 6.19 3.48 10.99 | 6.22 0.00
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AAAACAAATTTT TGAGGTTATTTTTTTA
5 2.87891382 b 2.87933000

ARAAARCAAAACA ITTTGTTTTGTTG
2.8796032 d £.87960772

Figure 4.29: Sequencing results of PTEN gene intronic variants.

a. Sequence chromatogram showing G>A transitiogestomic position
0.87891382.

b. Sequence chromatogram showing C>T transition at genomic position
g.87933000.

c. Sequence chromatogram showihgC transition at genomic position
0.876032

d. Sequence chromatogram showiagG transition at genomic position
g.860772.
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The PTEN phosphatase is \atal regulatory hub of PI3Knediated signaling
(Figure 4.30 and Figure 4.31) and expressing multiple isoforms of PI3K and RIP3
dependentlownstreankinases ifmammals PTENIs a uniqugumor suppressor that
encodesacommonrepressorof boththe pathwagand thus has been found frequently
mutatedin tumors and hereditary cancer syndronfesslie and Downes, 2004
Salmena et al., 200&eslie and Foti, 2011 Some of the publicationsave pointed
towardsits functions independent of its lipid phosphatase acti@ftianchon et al.,
2008 Song et al., 20)1but its tumor suppressagiroperty is mainly due tis catalytic

activity.

The Rloop of PTEN includes catalytic Cys residuesensitive tomutations and
constitutes gumor associated mutatiom®t spot(Bonneau and Longy, 200&ng,
2003. The Tl andWPD loops are more permissi to small genetic change®PD
loop harborsesidues like Asf®2 andHis-93, critical for its function. In our study we
have reported novel mutations like E91K and H93Q. E91K is very close t®Asp
(Denu et al., 1995 Both the residuesAsp-92 and His93) have very lowtolerance @
genetic alterations and thus theubstitutionyields an inactiveprotein (Denu et al.,
1995 Xiao et al., 200Y.

In functional impact analysisve observed that A86P, H93Q, E99X, H272F and
E288F are damaging and E91K, Q97H, E157K and S287Rokmeated.A large
numberof mutationsrelated to human tumoisave already been reported RTEN
(Ali et al., 1999, some of thentargetingits exori intron junctions and promoter
region. Majority of these mutations affect iexpressiornlevel and causéunctional
deficiency(Zhou et al., 2008 Some of its mut@dns incoding regiorare nonsense or
frameshifts, generang unstableandtruncatedproducts(Georgescu et al., 20p0Ne
also have reported one novel mutation at codon 99, wdredtesa stopsignaland
results in a truncated polypeptidBunctinal characterizationof some of these
mutations have revealed that, thesulting residue substitutionsproduce PTEN
proteins withcompromisedntrinsic catalytic activityKato et al., 200D

Our findings show a relatively strong association between prostate cancer and the
majority of our observed mutations at the PTEN gene. It is recommended that further

120



studies are required twerify the functional impets endorsed by our reported

mutationson PTEN activity.
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Prostate cancer- Reference pathway from KEGG.



I PISK-AKT SIGNALING PATHWAY
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Figure 4.31: PI3K-Akt signaling pathway from KEGG.

The phosphatidylinositol Bkinase (PI3K)-Akt signaling pathway is activated by

many types of cellular stimuli or toxic insults and regulates fundamental cellular
functions such as transcription, translation, proliferation, growth, andval. The

binding of growth factors to their receptor tyrosine kinase (RTK) or G protein
coupled receptors (GPCR) stimulates class la and Ib PI3K isoforms, respectively.
PI3K catalyzes the production of phosphatidylinosgel,5triphosphate (PIP3) at

the cell membrane. PIP3 in turn serves as a second messenger that helps to activate
Akt. Once active, Akt can control key cellular processes by phosphorylating

substrates involved in apoptosis, protein synthesis, metabolism, and cell cycle.
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4.10 AR (Androgenrecepta) gene

AR gene is located on the X chromosome and aiso known as the
dihydrotestosterone receptdt belongs to the class of nucleaceptorsknown as
activated clas$ steroid receptorsThis class alsoncludes glucocorticoid receptor,
minerdocorticoid receptor andprogesterone receptorwhich recognize ARES
(canonical androgen response elements). These AREBnaaeed repeats of &b
TGTTCT-3@ Androgen receptor consists of-terminal andC-terminal activation
domains, a ligandinding doman and a polyglutamine tract The Nterminal and
C-terminal activation domains have selected activation fundtioh~1) and AF2,
(Callewaert et al., 2003

AR is a prt of a ternary complexontaning AR, EFCAB6/DJBP and PARK7
interacing with HIPK3 and NROB2 in the presence of androdgénligandbinding

domain interacts with KAT7/HBO1 in the presence of dihydrotestostemitle

EFCAB6/DJBP, NCOA1l, NCOA2, NCOA3, NCOA4 PQBP1, PELP1, RBAK,

RANBP9, RREB1, SLC30A9, SRA1l, SPDEF, TGFB1I1, ZMIZ1/ZIMP10,

ZMIZ2/ZMIP7 and ZNF318 Both ZMIZ1/ZIMP10 and ZMIZ2/ZMIP7promoteits

transactivatioractivity. Its N-terminal poly-GiIn region binds Ramnd resuls in an

enhancd AR-mediated transactivatiolhis domain interacts withHIP1, PRMT2,

RNF6, RNF14, TNK2, TRIM24,TRIM68 and USP26 It also nteracts with
RANBP10andenhances dihydrotestostereinduced AR transcriptional activity.

At the first step, we checked througRhylomeB4 and TreeFam for the
conservativenessf AR across different species. It was observed that the protein is
majorly conserved evolutionarilyFigure 4.32). In our study we have observed
thirteen point mutationgTable 4.23) in the exonic and two novel alterations in the
non-coding regionone inintronrland t he ot AR geneg(TaB3d.25UTR)
Out of the 13 exonic variants, 11 are novel while 2 were previously reported i.e
D880Y and S889SEach of the variant was carefully investigated through different
online resources for thepossible sequence, structural and functional impact. It was
further observed that six mutations are inlteemonereceptor domain while the rest

are ouside of the domain@-igure4.32 c)
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Figure 4.32. Evolutionary history and domains of Androgen receptor.

a. Evolutionary history ofPTEN alongwith pfam domains through

PhylomeDB
b. PTEN gene tree througfreeFam
c. Lolipop plot of AR protein showing domains and mutations.
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Table 4.23;

AR EXxonic variants

Ref Chr ChrEnd Residue Status
S. No | Exon | Allele | VarAllele | StartPos Pos change | MutType
1. | 8 | - G |e772368d 67723689 1870 |fssub | OV
2. 8 TT G- 67723687 6772368 | 1870_splice| splice Novel
3 8 G T 67723716 67723716/ D880Y Missense | Reported
4. 8 G T 67723721 67723721 L881L Silent Novel
5 8 C T 67723745 67723745 S889S Silent Reported
P893R Silent Novel
6 8 GG AT 67723757 67723758
E894* Nonsense | Novel
7 8 A G 67723776 67723776 1900V Missense | Novel
8 8 C G 67723804 67723804 S909C Missense | Novel
9 8 G T 67723796 67723796 K906N Missense | Novel
10. 8 T C 67723801 67723801 L908P Missense | Novel
11. 8 TC GG 67723813 67723814 V912G Missense | Novel
12. 8 A T 67723821 67723821 1915F Missense | Novel
13. 8 A C 67723825 67723825 YI916S Missense | Novel
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Table 4.24;

Status of AR Exonic variants confirmed through HGMD and

Ensembl alongwith mutants functional impact analysis through

different servers

S. No Residue Reported By SIFT PROVEAN MutationAs PolyPhen2
change sessor

1. 1870fs Novel Damaging | Deleterious High Probably Damaging
2. I1870_splice Novel Damaging | Deleterious High Probably Damaging
3. D880Y Reported Tolerated | Deleterious Low Probably Damaging
4, L881L Novel Tolerated Neutral synonymous Neutral

5. S889S Reported Tolerated Neutral synonymous Neutral

6. P893P Novel Tolerated Neutral synonymous Neutral

7. E894* Novel Damaging | Deleterious High ProbablyDamaging
8. 1900V Novel Tolerated Neutral Medium Probably Damaging
9. S909C Novel Damaging Neutral Low Probably Damaging
10. K906N Novel Damaging | Deleterious Medium Probably Damaging
11. L908P Novel Damaging | Deleterious Medium Probably Damaging
12. V912G Novel Damaging Neutral Medium Probably Damaging
13. 1915F Novel Damaging Neutral Low Probably Damaging
14. Y916S Novel Damaging | Deleterious Low Probably Damaging
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4.10.1 Ins3G(g.67723688) I870Mframe shift)

The mutation was confirmed as a novel one from both the HGMD and Ensémabl.
insertion of G nucleotiden codon 870at position 3 oexon8 in AR genewill result
in a frame shiftThe mutation changeSTT codon(l) into ATG (M) and changes the
dowrstream sequen@®RELHQFTF into M C ERAAS V HF andas a result a
stop codon will be introduced at position 880 and thusedkelt is a truncated protein
Functionally the mutation was predicted as damaging by $if6bablydamaging by
PolyPhen2, detterious by PROVEAN ankigh by MutationAssessofTable4.24 and
Figure4.33).

4.10.1 T2Ganddel3T(g.6772368767723688) 1870_splice

The mutation was confirmed as a novel from HGMD and Enseifitbs double
mutation substitutes T nucleotide into G at position 2 and deletes a T nucleotide
normally present at position 3 in exéhof AR geneT2G transversion is at the splice
donor site andleletion at position is just next to this donor sithis mutation will
probably result inskipping of exon 8 and thuwill produce a truncatedprotein.
Functionallythe mutation was predicted as damaging by Sgfdbablydamaging by
PolyPhen2, deletesus by PROVEAN and high bylutationAssessorit is therefore
recommended that thenutant may be characterized in the wet Idbr further

exploration and validatio(Table4.24 andFigure4.33).
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a TACAGATGTGCGA G

Truncated protein due to

frame shift and stop

OH
H 5 N codon

O

Isoleucine

T2G & del 3T

c ACAGAGGCGAGAG AGC

Figure 4.33: Sequence and structure analysis &RI870M (frame shift) and
T2G + del3T mutations
a. Sequence chromatogram showing3G mutation in the gene
sequence.
b. Wild residuelsoleucine
c. Sequence chromatogram showif@G + del3T mutatiorn the
gene sequence.
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4.10.2 G31T(g.67723716D880Y

This mutation of codor880 in exon8 of AR gene at position 31 results in the
substitution of Aspartic acid to Tyrosin€he mutation was confirmed g@seviously
reported The mutant residue is biggereutral andmore hydrophobic than thaild
residuewhich was negatively chargedhe substituted residue wasot in direct
contact with aligand, however tis changeaffectsthe local stabilityof the protein

which could affect the liganishteractionanade by thedjoiningresidues.

The mutaibn is located within aegion annotatedin UniProt as a special region
"Interaction with LPXN KAT7, CCAR1 and Ligandbinding". The differences in
amino acid properties can disturb this regidhe wild residue interacts with Ly&84
througha salt bridge, the difference in amino acid charges will disturb this interaction

and thus its function.

Thewild type residue occurs often at this position in the sequence, but other residues
have also been observed hérkis residue is part of an im@o domain
namedNuclear Hormone Receptor, Ligafinding (IPR008946, annotated with the
GeneOntology (GO) terms Steroid Hormone Receptor ActiiyO:000370Y and
Sequence&pecific DNA Binding Transcription Factor ActivifgsO:0003700. These

GO annotations indicate thahe domain has a function in Molecular Tramser
Activity (GO:0060089, ReceptoActivity (GO:0004872 and Nucleic Acid Binding
Transcription Factor Activity&0:0001071), Nucleic Acid Binding({GO:0003679.

The wild residue loses itghargebecause of this mutation sbcan cause loss of
interactims with other molecule@igure 4.34). Functionally the mutation was
predicted adoleratedby SIFT, probably damaging by PolyPhen2, deleterious by
PROVEAN and low byMutationAssessofTable4.24).
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O

Tyrosine

Figure 4.34: Sequence and structure analysis ARD880Y mutation
a. Sequence chromatogram showi@@1T mutation in the gene
sequence.
b. Wild residueAspartic acid c. Mutantresidue
Tyrosine
d. & e. Comparison ofmutant (red) and wild type (green)
residues in the 3D struceinfAR protein.
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4.10.3G36T (.6772372)L881L

This transversion atodon881in exon8 at position 36of AR is a silent mutation,
confirmed as a novel one from HGMD and Ensenrfibe mutation was confirmed as
novel through HGMD and Ensemble. Thabstitutionwill have no effect on the
protein structure andunction. The mutation was predicted as neutral by the online
resourcgTable4.24 andFigure4.35).

4.10.4 C60T (g.67723745$889S

This transition in codon 889 of AR gene at position 60 is also of silent nétwas
confirmed as greviouslyreported onelt is a silent mutation and is already reported
(Figure 4.35). The mutation was predicted as neutral by the online resource
(Table4.24).

4.10.5 GG7273AT (9.6772375%67723758)P893P+E894X

The mutation was confirmed as nobelthfrom HGMD and Ensemblt results inthe
transition of CCG to CCAodonnumber 893&ndtransrersion ofGAA to TAA codon

number 894 at position 72 and 73 in exon8 of AR gene. Mutation of CCG to CCA
codon has no impact on the protein sequence because of the codon degeneracy (both
code forProline), while GAA to TAA introduces a stop codon atgition 894 instead

of glutamic acid. The result will affect the protein on hormone receptor domain. The
mutation was predicted adamaging(Figure 4.35). Functionally the mutation was
predicted as damaging by SIFprobably damaging by PolyPhen2, deleterious by
PROVEAN andhigh by MutationAssessofTable4.24).
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b1 GG TGAGTGTGGA

ACTTTCCATAAAT

c .

GG72-73AT n

L,
[\

OH
O
Truncation after codon
894
OH
HoN
O
d Glutamic acid
Figure 4.35.  Sequence and structure analysis oAR L881L, S889S

and P893P+E894Xmutation

a. Sequence chromatogram show{Bg86Ttransversion

b. Sequence chromatogram show{@g§0Ttranstion

c. Sequence chromatograhowing G572-73ATmutation
d. Wild residue Glutamic acid
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4.10.6 A91G (g.66723776)900V

The mutation was confirmed as novsth from HGMD and Ensemblit results in
transversion of ATCa GTC atcodon (900) inexon8 of AR gene This mutation
results in substitutin of Isoleucine tovaline at position 900The mutant residue is
smaller than the wild. According to the PlSiatabasecontaining protein assemblies
which are likely to be biologically relevarthewild residue is involved in a multimer
contact. Thee multimer contacts are lost due to sineall size of the mutant residue
The mutationoccurs within a region, annotatedin UniProt as a special region
responsible for nteraction with LPXN KAT7, CCAR1 and Ligand-binding. The
differences in amino acid @perties can disturb this region and thus its function.

This residue is part of an interpro domain narNedlear Hormone Receptor and
LigandBinding (IPR008946, annotated with the Ger@ntology (GO) terms,
Steroid Hormone Receptor ActivitfGO:000370Y and SequeneBpecific INA
Binding Transcription Factor ActivitgGO:0003700. More broadly speaking, these
GO annotations indicatthat the domain has a function in Molecular Transducer
Activity (GO:006008) Receptor ActivityGO:0004872, Nucleic Acid Binding
Transcription Factor ActivityGO:000107) and Nucleic Acid Binding
(GO:000367%.

The domain having thenutaton is vital for the main activity ofAR proteinbut it is
possible thatdifferences between the&ild and mutant residue can disturb the core
structure and thereby affedts catalytic activity (Figure 4.36). Functionally the
mutation was predicted awleratedby SIFT, probably damaging by PolyPhen2,
neutralby PROVEAN andnediumby MutationAssessofTable4.24).
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A91G

T CGTCTCTGIGC

Isoleucine

Figure 4.36. Sequence and structure analysis &ARI900V mutation

a.

Qo

Sequence chromatogram showiA§1G mutation in the gene
sequence.

Wild residuelsoleucine

MutantresidueValine.

. & e. Comparison ofmutant(red) and wild type (green)

residues in the 3D structure Ahdrogen receptor
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4.10.7 G111T(g.67723796K906N

The mutation was confirmed as novel frdsoth the HGMD and Ensemble. &
transversion of G to &t codon 90§position 11} in exon8 of AR gene resulsin
substitution of lysine to asparginEhe mutant residue Emallerandneutralwhile the
wild residue was positively charged arfdrms a hyrogen bond with the
Glu-903.Due to size differenceshé mutant residue i®o more in suitable distance

and position tanake the samieydrogen bond.

The mutation is locatedn a domainannotatedin UniProt as a speciakegion
responsibldor interaction with LPXN, CCAR1, KAT7 and Ligantinding. The wild
resi due (| yhelik orienjatiori ia the strecture while the mutant residue
(aspargine) does not favor this orientation. The differences in amino acid properties

can disturb this region funcinally

This residue is part of an interpro domain narNedlear Hormone Receptor, Ligand
Binding (IPR00894%, annotated with the Ge@ntology (GO) terms Steroid
Hormone Receptor ActivitgGO:0003707 and Sequene8pecific DNA Binding
Transcription Factor ActivityGO:000370). These GO annotations indicate that the
domain has a function in Molecular Transducer Actii0:0060089, Receptor
Activity (GO:0004872 Nucleic Acid Binding Transcrippn Factor Activity
(G0O:000107})and Nucleic Acid BindingGO:000367%.

Charge differences in between wild and mutant residueigésipss of interactions
with other moleculeg~unctionally the mutation was predicted as damaging by SIFT,
probably damaging by PolyPhen2, deleterious by PROVEAN anedium by
MutationAssessofTable4.24 & Figure4.37).
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G111T

Figure 4.37: Sequence and structure analysis ARK906N mutation
a. Sequence chromatogram showi@@11T mutation in the gene
sequence.
b. Wild residuelLysine
c. MutantresidueAsparagine
d. & e. Comparison ofmutant (red) and wild type (green)
residues in the 3D structure Ahdrogen Receptor
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4.10.8C119G(g.677238045909C

The mutation was confirmed as novel from HGMD and Ensemble. The transversion
of C to Gin codon 909 at positiod19 in exon 8 of AR, resudtin substitution of
Serine toCysteine The Serine at this position interacts with 49@b through a
hydrogen bond which gets compromised due to changgdrophobicity the mutant
being more hydrophobidt is thus possible that by disturbing the interactions, the
mutation also affects the pgein function by disturbing the signal transfer from

binding domain to the activity domain

The mutation isposition in a regionannotated inUniProt as a special region
responsible forinteraction with LPXN, KAT7 CCAR1 and Ligand-binding". The
differencesin residueproperties carunctionally disturb this region. This residue is
part of an interpro domain nambliclear Hormone Receptor and Ligand
Binding (IPR00894%, annotated with the Ger®ntology (GO) terms Steroid
Hormone Receptor ActivitfGO:000370F and SequeneSpecific DNA Binding
Transcription Factor ActivityGO:0003700. These GO annotationsdicates thathe
domain has a function iMolecular Transducer ActivitfGO:006008%, Receptor
Activity (GO:0004872, Nucleic Acid Binding Transcription Factor Activity
(G0O:000107}) and Nucleic Acid BindingGO:000367%.

The wild type residue (Serine) is highly conserved at this position in other homologs
and thus can be inferred as damaging to the protein. The wild residue prefers a turn in
protein orientation, Wwile the mutant prefers to be in another secondary struahde

thus slightly destabilized théocal conformation(Figure 4.38). Functionally the
mutation was predicted as damaging by Sipfigbably damaging by PolyPhen2,
neutal by PROVEAN and low byJutationAssessofTable4.24).
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Cysteine

Figure 4.38. Sequence and structure analysis cAndrogen Receptor S909C
mutation

a.

b.
c. MutantresidueCysteine
d.

Sequence chromatogram showi@g19Gmutation in the gene
sequence.
Wild residueSerine

& e. Comparison ofmutant (red) and wild type (green)
residues in the 3D structure Ahdrogen Receptor
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4.10.9T116C(g.67723801).908P

The mutation was confirmed as novel bsttm HGMD andEnsemble. The trasition

of T to C atposition116 in theAR exon8 at codon 908esults in the substitution of
leucine to proline.The mutant residue is smalland is located within adomain
annotated inUniProt as a speciategion responsibldor interaction with LPXN,
KAT7 and Ligandbinding.Th e wi | d r ehlix ththelocél aonformasion,U
which get disturbed due tdifferences in amino acid properti@sgure4.39).

Missing
Hydrogen Bond

A
-

Figure 439 Pr ol i ne ¢heélis wherpnoslocdiied at one of the first 3
positions of that helix.

A mutation to Phenylalanine has previously been reported at this position, though
different from our reported mutatiomhe wild type residue occurs often at this

position in the sequence, but other residues have also been observed in the

homologous sequers.
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This residue is part of an interpro domain narmNedlear Hormone Receptor, Ligand
Binding (IPR00894%, annotated with the Ger@ntology terms Steroid Hormone
ReceptorActivity (GO:000370Y and Sequene8pecificDNA Binding Transcription
Factor Activity(GO:000370), indicaing its functiors in Molecular Trasducer
Activity (GO: 0060089), Receptor Activity (GO:0004872), Nucleic Acid Binding
Transcription Factor Activity (GO:0001071) and Nucleic Acid Binding
(G0O:0003676).

Leu-908 is part of aimportantdomain requiredor the main activity of thé&ndrogen
reeptor The mutant residue is comparatively smaller and thus will cause an empty
space in the protein cor&he differencesn properties are able tisturb the core
structure of this important domain and thereby affést catalytic activity
Functionallythe mutation was predicted as damaging by Sgfdbablydamaging by
PolyPhen2, deleterious by PROVEAN amédiumby MutationAssessofTable4.24

& Figure4.40).
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Figure 4.40. Sequence and structure analysis oAndrogen Receptor L908P

mutation

a. Sequence chromatogram showingjl60Gmutation in the gene
sequence.

b. Wild residuelLeucine

c. Mutantresidue oline.

d. & e. Comparison ofmutant (red) and wild type (green)
residues in the 3D stcture ofAndrogen Receptor
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4.10.10 TC128129GG(g.6772381%7723814NV912G

Both thetransversionsn AR exon8 at position 128129 were confirmed asovel at
this positionandresults in substitution of a single amino acidsV.aline toGlycine
at codon912. The mutant residue isomparativelysmallerand is positioned in a
stretch annotated ibniProtas a special region fanteraction with LPXN, CCAR1,
KAT7 and Ligandbinding which canbedisturkedfunctiorelly due to the differences

in amino acid propemis

The transversion of TC12B29GGintroduces avery flexible amino aciddlycine),

which can disturb theessentiakigidity at this position A mutation to "Leucine" has
previously been reported at this position. Wikl type residueis not very conserved

at this positionin other homologous sequencésis also possible that the mutation
disturbs the protein interactions and so affects its function by disturbing the signal

transfer from binding domain to the activity domain.

This regdue is part of an interpro domain nanédclear Hormone Receptor, Ligand
Binding (IPR008946, annotated with Ger@®ntology (GO) terms Steroid Hormone
Receptor Activity(GO:0003707 and Sequene8pecific DNA Binding Transcription
Factor Activity(GO:000370Q. These GQannotations indicates that the domain has a
function in Molecular Transducer ActivitfGO:0060089 Receptor Activity
(G0O:0004872, Nucleic Acid Binding Transcription Factor Activi{gsO:000107)
and NucleicAcid Binding (GO:000367%.

The mutation will cause loss of hydrophobic interactions in the core of therpdoe
to the differences inhydrophobicity of wild and mutant reside (Figure
4.41). Functionally the mutation was predicted as damaging by SpFdbably
damaging by PolyPhen2eutralby PROVEAN andmediumby MutationAssessor
(Table4.24).
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Glycine

Figure 4.41: Sequence and structure analysis oAndrogen Receptor V912G

mutation

a. Sequence chromatogram showif@128129GG mutation in
the gene sequence.

b. Wild residueValine

c. MutantresidueGlycine

d. & e. Comparison ofmutant (red) and wild type (green)
residues in the 3D structure Ahdrogen Receptor
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4.10.11 A136T andA140C(I915F & Y916S)

i.  A136T (g.67723821) I915F

The transitionof A to T in codon 915 at AR exe® results in substitution of
isoleucine tophenylalanineat position 915. It was confirmed aa novel mutation
from both HGMD and Bsemble.The mutant residue isomparativelybiggerand is
locatedin a region,annotated inUniProt as a special regiofor "Interaction with
LPXN, KAT7, CCAR1l and Ligandbinding". The differences in amino acid
properties can disturb this region functbg. Thewild type residue occurs often at
this position in the sequence, bther residues have also been observed here.

Isoleucine, the wild residués part of an interpro domain namidclear Hormone
Receptor and LiganBinding (IPR00894% annotated with the Ger@ntology (GO)

terms Steroid Hormone Receptor ActivitgO:000370Y and Sequene8pecific

DNA Binding Transcription Factor ActivitgGO:000370). More broadly speaking,
these GO annotations indicates that the domain has a function in Molecular
Transducer ActivitfGO:0060089, Receptor ActivityGO:0004872, Nucleic Acid
Binding Transcription Factor ActivitfGO:000107) and Nucleic Acid Binding
(GO:000367%.

This residues positionedon the surface and was not found to be in contact with other
domaing(Figure4.42). Functionally the mutation was predicted as damaging by SIFT,
probably damaging by PolyPhen2neutral by PROVEAN and low by
MutationAssessofTable4.24).

i. A140C(g.67723825) Y916S

This transversion of A to Gat position 140 in exo8 (TAT to TCT) results in
substitution of tyrosine to serire codon 916The mutation is novel as confirmed
through HGMD andEnsemble.The mutabn introduces a comparativelsmaller
residue than thevild andis positionedwithin a region, annotated inUniProt as a
special region responsible for interaction with LPXN, KAT7, CCRaid Ligand
binding.
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The differences in amino acid properties can disturb this region. The ongidal
type residue is annotated idniProt as being mdified into a "Phosphotyrosiney
CSK". This modification can be important for protéumction. Mutdion into another
resicle type might disturb th modification and consequently the function of the

residue. Thevild residueis highly conservedt this position in the sequence

This residue is p& of an interpro domain nameduclear hormone receptor, ligand
binding" (IPR008946. This domain is annotated with the GO tesequencepecific
DNA binding transcription factor activitfGO: 0003700 ard Steroid hormone
receptoractivity (GO:000370). These GO annotations indicates that the domain has
a function inreceptor activitGO:0004872, nucleic acid binding(GO:0003678%,
nucleic acid binding transcription factor activ(itgO:000107) and molecular
transducer activityGO:006008%.

The mutated residue is located in a domain that is important for the miaity audt

the protein. Thesmaller size ofmutant residuemay result m loss of external
interactions(Figure 4.42). Functionally the mutation was predicted as damaging by
SIFT, probably damaging by PolyPhen2, deleterious by PROVEAN and low by
MutationAssessofTable4.24).
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Figure 4.42. Sequence and structure analysis &RI915F & Y916S mutations.

a.

oo

> ™

Sequence chromatogram showiAg37T + A140Cmutatiors in
the AR gene sequence.

Wild residuelsoleucine

c. Mutantresidue Phenylalanine.

& e. Comparison ofmutant Phenylalanine (red) and wild/ge
Isoleucine (greenyesidues in the 3D structure of Androgen
Receptor.

Wild residueTyrosine g. MutantresidueSerine

. & i. Comparison ofmutantserine (red) and wildtype Tyrosine

(green) residues in the 3D structureAoidrogen Receptor
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4.11 AR Intronic variants

In present study, we obsed/éwo novel variants in the nesoding regions of AR

gene. One of the two variant (T>A) is in intr@rat g.67637091 while the other one

T>C was in the 30 UTTRbled.2b)g Baihithe\arantsgvere 6 7 7 2 4
recorded both in cases and contoblthus wereanalyzedin detail to evaluate their

possible association with PCa risk. Genotypes distribution aeticafrequency
distributions are listed ifable 4.26 while genotypes associati®are inTable 4.27.

P-values of less than 0.05 were comsell statistically significant.

Analysis of the T>A variant at g.67637091 showed a significant difference between
PCa patients ancbntrol individualgTable4.26). The AA genotypeavas significantly
more common in the cases (11.75%) than in the control individuaB%}.2vhich
further implied that Aallele @ntributes positively towards increased P@gk. It was

also found that, the homozygous AA participants had-8&Bhigher risk of prostate
cancer. The carriers of @llele were found significantly associated with increased risk
of PCa in all the models with highest OR of 3.68 (95%CI-B02;P = 0.00) in the

AA vs TT model except AA vs TA model (OR = 1.83; CI=B@34; P = 0.05)
(Table4.27 andFigure4.43 a).

T>C variant at g.67724021 also showed a significant difference between cases and
controls(Table4.26). The C allele was significantly more common in the cases (47%)
than in the controls (32%). T>C variant was also found significantly associated with
increased risk of PCa in all the medsl with highest OR of 3.74 (95%CI =1-987;

P =0.00) in the C vs TT mode(Table4.28 and Figure4.43b).
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Table 4.25. AR intronic variants (Reference sequence; NC_000023.11

ChrEnd
S.No | Intron Chr StartPosition Position variant Status
1. 1 67637091 67637091 | g.67637091 T/A| Novel
2. 36 U 67724021 67724021 | g. 67724021 T/C| Novel

Table 4.26. Genotypes and their allelic frequencies of AR T/A transversion at
chromosomal positiong.67637091land T/ C transition
0.67724021in Prostate adenocarcinoma

Cases (n=200) Controls n=200
Alleles | Genotype

No. | %age | Frequency No. %age | Frequency
T-allele 218 | 54.50 0.55 286.00f 71.50 0.72
A-allele 182 | 45.50 0.46 114.00| 28.50 0.29

09.67637091 TT 65 16.25 0.16 107.00| 26.75 0.27
TA 88 22.00 0.22 72.00 | 18.00 0.18
AA 47 11.75 0.12 21.00| 5.25 0.05

T-allele 212 | 53.00 0.53 272.00| 68.00 0.68
C-allele 188 | 47.00 0.47 128.00| 32.00 0.32

967724024 TT 55 13.75 0.14 91.00 | 22.75 0.23
TC 102 | 25.50 0.26 90.00 | 22.50 0.23
CcC 43 10.75 0.11 19.00 | 4.75 0.05
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Table 4.27:

g.67637091and T/ C

adenocarcinoma

Association of AR T/A transversion at chromosomal position
t ransi t6772402in &Ptostad o

Alleles | Genetic Model OR LCI UCl Z-stat | P-value

Allelic contrast (Avs T) 2.09 1.56 2.81 4.95 0.00
Rarevs Common

3.68 2.02 6.71 4.26 0.00
(AAvsTT)
Rare vdHeterozygotes

1.83 1.00 3.34 1.97 0.05

9.67637091 (AA vs TA)

Heterozygotess Common

2.01 1.30 3.12 3.13 0.00
(TAvsTT)
Dominant (AA+TAvs TT) | 2.39 1.59 3.59 4.21 0.00
Recessive (AAvs TT+TA)| 2.62 1.50 4.57 3.38 0.00
Allelic contrast (Cvs T) 1.88 1.41 2.51 4.32 0.00
Rare vs Common
(CCvsTT) 3.74 1.98 7.07 4.07 0.00
Rare vdHeterozygotes

9.67724021 (CCvs TC) 2.00 1.09 3.67 2.22 0.03

Heterozygotess Common
(TCvsTT) 1.88 1.21 291 2.81 0.00
Dominant (CC+TCvs TT) | 2.20 1.45 3.34 3.71 0.00
Recessive (CCvs TT+TC)| 2.61 1.46 4.66 3.24 0.00
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TTCTTTAAAA

T=A at 2.67637091

TCCTICTTCTTT

T=C at g.67724021

Figure 443.  Sequence chromatograms of ARgene variants in the non
coding region.
a. Sequence chromatograrsisowingT>A trans/ersionin intron
1 atg.67637091.
b. Sequence chromatograms showingCTransition in3 6 U &atR
0.67724021
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In metastatic androgendependent prostate cancargroup of researchers reported
that, 100% of metastatic cells carried AR gene with 4 mutations resulting in the
following amino acid substitutions: ser6#¥asn, gly724o-asp, leu88ao-gin, and
alaB96to-thr. They also found a GC@-ACC and CAAto-CGA transition in

the AR gene in metastatic cells of prostate cancer in 1 out of 10 patients studied. The
nucleotide substitution resulted in a alaf@thr and gln90zZo-arg amino acid

change respectile(Taplin et al., 199p

In 6 of 24 specimens of prostatic tissue derived from transurethral resections in
patients with metastatiprostate cancethr877to-ala mutation in he hormone
binding domain of th&R gene has also beeaported The same mutation had been
reported previously in a metastatic prostatic cancer cell line where it conferred on the
androgen receptor an altered ligamdding specificity that was stimulatedy
estrogens, progestagens, and -antirogens. It was suggested that the codon 877
mutantAR with altered ligand binding mayrovideselective growth advantage in the
genesis of a subset of advanced prostate cancer. The stimulatory effect of the usual
therapeutic agents on the codon 877 mugddt may contribute to treatment
refractory diseas@Gaddipati et al., 1994

Another goup of researchers reported a somdRienutation by study of genomic
DNA by PCR follaved by denaturing gradient gel electrophoresis (DGGE) in 1 of 26
specimens of untreated orgaonfined stage B prostate canc&equencing revealed
a Gto-A substitution in exon E, changing valine to methionine at codon 730. An
abundance of the mutatedagg)ment indicated its presence in cells with a growth

advantag€Newmark et al., 1992

The identification of key molecular alterations in prostzacer cells implicates
caranogen defenses (GSTP1), growitittorsignaling pathways (NKX3.1, PTEN,

and p27), and androgens (AR) as critical determinants of the phenotype of prostate
cancer cells. Glutathionetgansferases (GSTP1) are detoxifying enzymes. Inadequate
levels of PTENand NKX3.1 lead to a reduction in p27 levels and to increased
proliferation and decreased apoptosis. Androgen receptor (AR) is a transcription
factor that is normally activated by its androgen ligand. During androgen withdrawal

therapy, the AR signal tradsction pathway also could be activated by amplification
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of the AR gene, by AR gene mutations, or by altered activity of AlRctiwators.
Through these mechanisms, tumor cells lead to the emergence of androgen

independent prostate cancer
4.12 Analysis of Sociocdemographicand clinical factors

Clinical data collected along with the blood samples were analyzed through different
statistical techniques to get valuable information aboutdibease. Thelinical and
biochemical data includingocicdemographiccharacteristics and clinical features
was analyzed from different angles in detail to evaluate the possible association of
risk factors with prostate adenocarcinoma through R version 2Je&criptive
characteristics of the 68frostate cancer cases ahé 600 controls are summarized

in Table4.28.

I n prostate pati ent sangingnoma @PO0aygaes wivia;m 6 8 . 9
controls the mean giagfem 88a00yeai0Mean fdi BMI3 . 2 r a
PSA, Sstolic and DiastolicBP were25.9+4.0, 11.3+17.5, 128.5+20a$d80.1+10.7
respectively while in controls it were 24.7+4.9, 1.7+1.2, 121.8+19.6 and 80.1+11.5
respectively(Table4.28).

4.12.1 Age

Age is oneamong the three establishask factors for prostate cancgBann, 2002
Increasing agéurther enhance the disease rigk prostate patients, mean age was

6 8. 9 Nnghg flom 4@ 0years while in controls the
ranging from39-100years.Majority of the cases are distributed in ages ranges060

years of agesT@ble 4.28). It was further observed that none of the cases has age
below 40 yars in the sampled population, and only 2.2 percent of the cases are in the
range of 4660 years. Variation distribution of cases in different age groups was
clearly observed and thus to systematically observe the pattern of distribution of cases
in age goups and also to highlight the impact of age on prostate caser risk, we
categorized the age of variable into six categories i.e. upto 50 yed9,%16069.9,

70-79.9, 8089.9 and 90 or above. In our study, we further observed that most of the
caseslie in the category of 689.9 (39.6%) and 7@9.9 (34.4%). It was further
observed that only 0.4% of the cases are in the category of age s above 90 years while
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controls are 1.6% in this category. It is hypothesized that due to the disease and other
allied complication the prostate cancer patients usually do not survive upto the age of

above 90 years.

In Uni-factorial analysis,age groups of 60$OR=3.62, 95% CI=2.691.79, 70s
(OR=6.76 95% CI=#.659/83) and 80s(OR=1.75, 95% CI=1.12.60 showed
positive association withprostate canceTable 4.29). Similar results were observed
for the same age groups in mitictorial analysisTable4.30). Prostate cancer is one

of the most common types of malignanand its frequencyis correlated with
advancing agéJemal et al., 2090 Our results were also supported dihrer studies
who reportedthat 64% of the new cases in United States were diagnosed in men
older than 65 yearsf ageand 23% irmenolder than75 yeargHeinzer and Steuber,
2009. Our results were also confirmed l§ann, 2002 who reviewed thatage
specificrisk of prostate cancencidencesharplyrise afterthe ageof 55 and peaks at
70 74 years of ageSame results were reported by the American Cancer Society
(2015). According to their reportage significantly increases the risk gfrostate
cancer and isnfrequentlybeen diagnoseth youngermen having age less th&®
years.Its incidence risesharplywith each decade thereaftérhey further showed
that, the probaility diseasediagnoss is /304 in younger having age less thd8
years 1/ 44 for men aged 589 years, 116 for men aged 669 yearsand1/9 for men
agedequal to or greater thaf® years, with an overall lifetime risk of71
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Table 4.28. Sociodemographic characteristics and clinical features of the
sampled population.
cases Controls
Factors No | %age | Mean | SD Range No | %age | Mean | SD Range
Age 68.9 | 9.0 40-90 60.3 | 13.2 | 39100
BMI 259 | 4.0 | 16.5045.9 247 | 49 | 15.255.8
PSA 680 11.3 | 17.5| 0.25113 500 1.7 1.2 | 0.01:8.78
Cystolic BP 128.5| 20.6 70-190 121.8 | 19.6 | 80-210
Diastolic BP 80.1 | 10.7 40-130 83.2 | 11.5| 40120
Marital Status
Married 644 | 94.7 484 | 96.8
Un-married 36 5.3 16 3.2
BMI Status
Underweight 11 1.6 10 2
Normal 239 | 35.15 354 | 70.8
Overweight 348 | 51.18 84 16.8
Obese 82 | 121 52 104
BP status
Hypotension 8 1.2 10 1.8
Normal 421 | 61.9 332 | 66.4
PreHypertension | 95 | 14.0 77 154
Hypertension 156 | 22.9 82 16.4
No. of kids
0 43 | 6.3 33 6.6
1 35| 5.1 28 5.6
2 122 | 179 87 17.4
3 118 | 174 93 18.6
4 or 4+ 362 | 53.2 259 | 51.8
Smoking
Yes 457 | 67.21 180 36
No 223 | 32.79 320 64
Physical Activity
Active 258 | 37.9 389 | 77.8
Disturb 303 | 44.6 94 18.8
Usually at bed 73 | 10.7 10 2.0
At bed 46 6.8 7 1.4
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Surgery Status

Prostectomy 152 | 22.4 NA NA
No 528 | 77.7 NA NA
Disease Stage
Local 612 90 NA NA
Locally Advanced| 10 15 NA NA
Metastatic 58 8.5 NA NA
Other
Complications
Diabetes 130 | 19.1 72 14.4
Hypertensive /
pre-hypertensive 251 | 36.9 159 | 31.8
Diabetic +
Hypertensive 52 7.7 33 6.6
Cardiovascular 41 6 14 2.8
Others 126 | 18.5 99 19.8
No 425 | 62.5 337 | 67.4
Family History
Yes 276 | 40.6 16 3.2
No 308 | 45.3 437 | 87.4
Donét Kn| 96 | 14.1 47 9.4
Dairy Products
Consumption
Low 51 |75 309 | 61.8
Medium 181 | 26.6 55 31
High 209 | 30.7 26 5
Very High 239 35.2 11 2.2

156




Distribution of ages (cases)

alln.

#
40 50 60 70 80 90

Age

Frequency
0 20 40 60 80 100 120 140

Distribution of age (controls)

Frequency
0 20 40 60 80 100 120
%

Ny
=]

Figure 4.44: Distribution of ages in cases and controls
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4.12.2 BMI

Excess bodyweightBMI) of 25 to 29-9 kg/m?) or obese (BMI of 30 kg/m? or
greater), is increasingly recognized as an important risk factor for some common
cancers(Renehan et al., 20Qp8including prostate cancer. Though obesity is an
established risk factor for many cancers but the association is not clear with total
prostate cancer rigidllott et al., 2013.

We observed in our study an increase iospate cancer risk with the increasing BMI.

In our studied population, 5P® of the cases are in the overweightd 12.1% in the
obesecategory(Table 4.28). In preseh study, it was observed that individuals BMI
deviating from the normal rangacreases the risk of prostate cancer. A positive
correlation was observed imderweight obese anaverweightindividuals both in
uni-variate Table 4.29) and multivariate Table 4.30) analysis. Our resultshave
been supported by marother studies indifferent ethnic groupgRodriguez et al.,
2001, Maclnnis et al., 2003Gong et al., 2006 Some researchers reported positive
associatiorof prostate cancer risknd BMI, specificallyfor thosehaving BMI G80
versus 18.624.99 kg/m2(Engeland et al., 2003A metaanalysis of prospective
cohort studiesincluding more than 2,000,000 men worldwide, found that obese men
are at increased risk of advanced prostate cancer, but lower risk of localized prostate
cancer(Discacciati et al., 2092 Multiple reasons for this association have been
postulated Another studyreported that obesiig associated with decreasesk of
low-grade and increaseisk of high-gradeprostatecancer. These dagaovide further
support to the hypothesihatobesityis associated with aggressipeostate cancer
(Allott et al., 2013 (Figure4.45).
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Figure 4.45. Comparison of a. age and b. BMI between cases and controls
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4.12.3 PSA

Prostate specific antigen (PSA) is androgen regulated serine protease of the
kallikrein family producedy secretory epithelial cells of the prosté&amey et al.,

1987 andis the mostommonlyused biomarker fgorostate cancer screening.

On the basis of published facts, we designed our study to focus on the impact and
association of PSA and prostate cancer rislkaunstudied population, 73.24% of the
cases has PSA level >4.0 ng/mL while 5% of the controls also has PSA level >4.0
ng/mL. It was also observed that 26.76% of the cases has PSA level <4.0 ng/mL while
in controls, 95% of sampled individuals has PSA lex4l0 ng/mL Table 4.28,
Table4.29, Table4.30 andFigure4.46).

Results from théargeProstate Cancer Prevention Trial (PCPT) shothationly 25i
30% of patients with elevateBSA levels (>4.0 ng/mRvere confirmed with PCAn
biopsy whileapproximately 5% patients havind®SA levels <4.0 ng/mWere also
having PCaon biopsy(Thompson et al., 20051t suggests thathe predictivepower
of PSA as grostate cancenarkeris not optimal, whichs mainly due toits PCa non
specific nature PSA levels are als®ubjective to age, ethnicity, prostate size
inflammation or prostatitis (Gsur et al., 2002Schatzl et al., 2005 It was also
reported that men with age 060 years and
develop clinically significant prostate cancer dral/ing only0.2% risk of prostate
cancerrelateddeatts (Vickers et al., 2010 Similarly, Baltimore Longitudinal Study
of Aging reported thatno menwith ageranges frori5-80 yearsand havingPSA
level <3.0 ng/mL died of prostate cand&chaeffer et al., 2009

4.12.4 Family History

Famiy history is one of established risk factors for prostate cai@ann, 2002 and
familial clustering has been frequenthgported (Stanford andOstrander,2001;
Matikaine et al., 2001)n the present studyevobserved that family history directly
correlated with increased riskf prostate cancer (OR=20.67, 95% CI=132480)
(Table4.29 andTable4.30).
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Several caseontrol and cohort studies from different populations have shown that
family historyis a major risk factor inPCa. Moreover, 5-10% of the cases are
reportedprimarily due to high-risk inherited genetidactors orPCa susceptibility
(Gronberg, Damber and Damber, 1996g(ire4.46).

4.12.5 Marital Status

Social supportbenefits positivelyextend to cancer outcomeshich ha already been
demonstratedn different studiegOsborne et al., 200Baine et al., 201)] but still
theinfluence of the marital statad its potential link with prostate cancerimatter

of discussion(Berkson, 1962 Rendall et al., 2001 We examinel the impact of
marital status if any on prostate cancer risk inghesentstudy. We classified this
variable as ether married or unmarried. We observedusanificant difference in
between married and tmarried individuals for their cancer risk in our sampled
population in univariate analysis(OR=1.69 95% CI#9.943.16, but positive
association was observédR=234, 95% CI=1.0%5.30) for uamarried individuals in
multi-variate analysi§Table4.29 andTable4.30).

Unmarried patientgcludingwidowedare atcomparativelyhigherrisk of metastatic
cances and have less survival rates thanarried patients (Aizer et al,
2013. Marriage also hasadditional potential etiologiesPsychologically cancer
diagnosis may result in more distrgs&iser et al., 200Married mtients display
lessanxiety, depression arttistresghan unmarriedasegGoldzweig et al., 20091t
can thus be inferred thatepression mape amediator betweethe marital status and
disease susceptibilitiMarital status alsdias a significant protective effect aigat
othermetastatic cance(Inverso et al., 2004

Some studieslso hadreportednonsignificant association in between marital status
and prostate cancer rigBrusselaers et al., 20LlAVe further investigated the married
individuals for the number of kids and its possible association with enhanced PCa risk
and the results are illustratedrigure4.47, Table4.29 andTable4.30.
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4.12.6 Smoking

According to the International Agency for Research on Cancer (IARC), smoking is
positively associated witimultiple cancergSecretan et al., 20DAlthough smoking

is correlated with a number eblid tumorsbut itsassociatiorwith prostate cancas

still debatable Some authors have published that prostate cancer isobatco
related (Colditz, 1996. Cigarette smokecontains a number of carcinogens
includingN-nitroso compounds and it mayso have a hormonal basisevated level

of androsterone and testosterdrave also been reported in smoker patiewtsich

can potentiallyincreasethe disease risk and alsontribute to cancer progression
(Huncharek et al., 2010

We therefore considered this variable in our ¢asatrol studyto evaluate the role of
smoking andprostate cancaisk. In our stidy, we observed th&7.21% of the cases

are smokers while in the control population or®$% are smokersWe found a
positive association in between smoking and prostate cancer (OR=3.64, 95%
Cl=2.864.65) in our study populatiafrigure4.48, Table4.29 andTable4.30).

The possibleassociatiorbetween smoking anBCawas studied in a metnalysis
which showed a positive association in theoled datgHuncharek et al., 20)0In
anotheilarge cohort prospective studywasreported that current and former smokers
had decreased prostate canmegrall risk (Watters et al., 20Q09A systematiaeview
based on 36 prospective cohort studies shaweeassociation betweerostate cancer
incidence andsmoking (Hickey et al., 200l These studies provide evidenttet
smoking is not A associatedisk factor for prostate cancedn addition IACR also

does not consider prostate cancer to be tobacco related.
4.12.7 PhysicalActivity

Researchers are working to gather evideonethe potential benefits ophysical
activity as gorimarymeans for cancerevention A good number of epidemiologt
studieshave beerconducted orphysical activity andts association with prostate
cancer risKFriedenreich and Orenstein, 2Q@Rit thisassociation is less consisterst
compared to its association wiitherbreastor coloncancer We therefore examined

the influence of physical activity on prostate cancer risk in Pakistani population
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(Figure4.48) and observed that lack of healthy physical activities result in an increase
of PCa risk (OR=3.47, 95% €2.654.55 for disturbed cases, OR=5.93, 95%
Cl=3.02-11.53 for cases usually at bed and OR=5.11, 95% CIl=P122 for at bed
cases)Figure4.48;, Table4.29 andTable4.30).

Studies likg(Vena et al., 198 Paffenbarger et al., 198Yu et al., 1988Brownson et
al., 1991 Hsing et al., 1994Thune and Lund, 1994ndersson et al., 1995teenland
et al., 199% (Oliveria et al., 1995 (Hartman et al., 1998(Clarke and Whittemore,
2000, (Bairati et al., 200preported that physically active individualgre at reduced
risk of prostate cancer whilether studieSEVERSON et al., 1989(Dosemeci et
al., 1993, (Pukkala et al., 20Q0(Liu et al., 2000, (Lee et al., 2004 (Whittemore et

al., 1995 has reported no association in between physical activity and PCa risk.
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4.12.8 SurgeryStatus

Radical prostatectomy is one of tlaailable options to treatlinically localized
prostate canceit may alsabe preferredy many patienten the basi®f cancer risk,
age, preferences andomorbidity (Cooperberg et al., 201L2In the initial period of
PSA testing in patients witlocalizedPCa, surgeryid not significantly altered the
overall prostate cancer mortality(Wilt et al., 2012 but nowadays itsreported
associated wittenhanced survivalPatientswith extracapsular tumor growth may
benefit from adjuvant local or systemic treatm@Bitl -Axelson et al., 2008 In our

study populationpnly 22.7%6 of the cases carried out surgéfable4.28).
4.12.9 OtherComplications

We also investigated in the study, the impact of other allied complications on prostate

cancer risk, which includes the followiljgigure4.49).

Diabetes Both diabetes and cancer are globally widespread dis@asmsnnucci et
a., 2010. Overall,cancer patients may also haliebeteq8i 18%)andthe incidence
vary with tumor site(Ko and Chaudhry, 2002Diabetes mellitugype-2 is basically
a metabolicdisorder, positively correlatedwith elevated cancerrisk (Everhart and
Wright, 1995. We recorded a positive association for increasedafigkCa in non
diabetic patientsin our study (OR=1.41, 95% CI=1.03.93) (Table 4.29 and
Table4.30).

It has also been reported th&Carisk decreases with increasing tinsénce the
diabetes mellitugliagnosisit suggests that hormonal change® todiabetes mellitus
creats a lessonmgenictarcinogenic environmemwhich becomes more prominent
with the passage of timgalton et al., 2007 (Kasper et al., 2009 Gong(Gong et
al., 2006, (Rodriguez et al., 20Q05(Bonovas et al., 2004(Giovannucci et al., 1998

Blood PressureHigh blood pressuréevel hasalsobeenreported associated with an
increasedcancerrisk (Grossman et al., 20D2As compared to other cancers, only
limited data is availablen the association betwe&P and PCarisk (Davis et al.,
2008 Martin et al., 201}
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In our study, we observed that there was no clear cut differeribe overall systolic

and diastolicBP in between cases and controls, but some levels of differences were
observed when blood pressure level was categorized into hypotension, normal, pre
hypertaasion and hypertensiqfrigure4.49 b). Hypertensionwas found associated to

the increased PCa risk only in tfactorial study(OR=1.52, 95% CI=1.12.04)
(Table 4.29 and Table 4.30). Other studies reportedonevidence of a positive
association oBP with subsequent prostate can{@ériedman, 1997Fitzpatrick et al.,
2001).

Cardiovascular disease$atal and nosfatal relative and absolute risks of different
types of CVDs, ioluding heart failure, acute MI, ischemic heart disease, arrhythmia,
and stroke werénvestigatedin a population based cohort studyhey detectedan
enhancedelative risks CVI3in PCa patientsespecially those treated with endocrine
treatment(Van Hemelrijck et al., 2000 Our results are in line with the previous
results(Table4.29 andTable4.30).

4.12.1 Geographical and ethnical distribution of the samples

Samples were collected from fdifent parts of the country and we tried our level best
to collect samples from all possible areas across Pakistan and also from the different
ethnic groups of those are@isgure4.50). We assume that due to the limitations of
resources, the number of samples are not very large but are enough so for the
systematic evaluation of PCa in different regions and different ethnic groups of
Pakistan. We also studied the distition of cases in the sampled areas (provinces)
with respect to sulethnic groups across Pakistdfigure 4.51 and Figure 4.52) and

also the distribution of each s@bhnic group across Pakistéfigure4.53 andFigure

4.54).
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Table 4.29:

Uni-factorial analysis of sociedemographic facors.

S. No Risk Factor OR(95%CI) Z P
Age groups.
1. Young 0.48(0.020.08) -10.89 <0.000
2. 50s 1
3. 60s 3.60(2.694.79) 8.73 <0.000
4. 70s 6.76(4.659.83) 10.01 <0.000
5. 80s 1.75(1.192.60) 2.81 <0.000
6. 90s/90+ 0.13(0.040.43) -3.29 0.000
Smoking
1. Yes 3.64(2.86 4.65) 10.43 <0.000
2. No 1
PSA
1. >4.0 ng/ml 1
2. <4.0 ng/ml 0.02(0.010.03) -17.37 <0.000
Diabetes
1. Yes 1
2. No 1.41(1.031.93) 2.13 0.033
CVD
1. Yes 2.23(1.264.13) 2.54 0.011
2. No 1
Diabetes + Hypertension
1. Yes 1.17(0.751.84) 0.69 0.492
2. No 1
Other disorders
1. Yes 0.92(0.691.24) -0.55 0.583
2. No 1
No other disorder
1. Yes 0.81(0.631.03) -1.74 0.082
2. No
BMI
1. Under weight 1.63(0.683.97) 1.097 0.273
2. Normal 1

175




3. Obese 2.34(1.603.45) 4.327 <0.000
4. Overweight 6.14(4.618.23) 12.291 <0.000
Marital status
1. Married 1
2. Un-married 1.69(0.943.16) 1.71 0.086
No of kids
1. No kids 0.93(0.581.52) -0.286 0.775
2. One kid 0.89(0.531.52) -0.419 0.675
3. Two kids 1.0(0.73 1.38) 0.020 0.984
4. Three kids 0.91(0.66 1.25) -0.602 0.547
5. Four/Over 1
Dairy products consumption.
1. Low 0.02(0.010.03) -15.147 <0.000
2. Medium 0.15(0.090.23) -8.158 <0.000
3. High 1
4. Very High 2.70(1.345.83) 2.674 0.0075
Physical activity
1. Active 1
2. Disturb 3.47(2.654.55) 9.02 <0.000
3. Usually at bed 5.93(3.0111.53) 5.18 <0.000
4. At bed 5.11(2.2911.42) 3.98 <0.000
Family history
1. Yes 20.67(12.7434.80) | 11.39 <0.000
2. No 0.12(0.090.16) -13.69 <0.000
3. Dond6t knoyl
Blood pressure
1. Hypotension 1
2 Normal 0.82(0.651.05) -1.59 0.113
3. Prehypertension 0.89(0.6441.24) -0.69 0.492
4 Hypertension 1.52(1.132.04) 2.756 0.006
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Table 4.30:

Multi -factorial analysis of sociedemographicfactors.

S.No | Risk Factor | OR(95%CI) | Z-stat | P-Value
Age groups.

1. Young 0.290.150.59 -3.792 0.000149

2. 50s 1

3. 60s 5.49(4.96-9.04) 11.056 <0.000

4, 70s 7.68(6.64-11.72) 11.850 <0.000

5. 80s 3.02(2.25-3.80) 7.486 <0.000

6. 90s/90+ 0.42(0.091.42) -1.278 0.201
Smoking

1. Yes 3.75(2.944.81) 10.51 <0.000

2. No 1
PSA

1. >4.0 ng/ml 1

2. <4.0 ng/ml 0.020.01-0.03 -17.63 <0.000
Diabetes

1. Yes 1
2. No 1.51(1.032.24) 2.09 0.03%

CVvD

1. Yes 2.21(1.21-4.24 250 0.012

2. No 1
Diabetes +Hypertension

1. Yes 0.8(0.451.4) -0.802 0.422

2. No 1
Other disorders

1. Yes 0.630.420.94) -2.26 0.024

2. No 1
No other disorder

1. Yes 0.63(0.45-0.87) -2.768 0.06

2. No 1
BMI

1. Under weight 1.45(0.494.47) 0.657 0.511

2. Normal 1
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3. Obese 2.11(1.323.41) 3.065 0.002
4. Over weight 6.62(4.619.633) 10.072 <0.000
Marital status
1. Married 1
2. Un-married 2.34(1.075.30) 2.078 0.037688
No of kids
1. No kids 0.88(0.441.76) -0.365 0.715
2. One kid 0.72(0.341.54) -0.851 0.395
3. Two kids 1.02(0.661.59) 0.101 0.919
4. Three kids 0.96(0.621.49) -0.179 0.858
5. Four/Over 1
Dairy products consumption
1. Low 0.01(0.0010.02 -15.18 <0.000
2. Medium 0.04(0.020.07) -10.03 <0.000
3. High 1
4. Very High 2.89(1.416.32) 2.79 0.005
Physical activity
1. Active 1
2. Disturb 4.81(3.646.39) 10.97 <0.000
3. Usually at bed 8.72(5.6813.49) 5.50 <0.000
4. At bed 7.71(4.5615.87) 6.83 <0.000
PSA
1. >4.0 ng/ml
2. <4.0 ng/ml
Family history
1. Yes 20.67(12.7434.80) | 11.39 <0.000
2. No 0.12(0.090.16) -13.69 <0.000
3. Dondét knoyl
Blood pressure
1. Hypotension 1
2 Normal 0.31(0.110.90 -2.16 0.031
3. Prehypertension 0.51(0.360.71) -3.95 <0.000
4 Hypertension 0.38(0.250.58) -4.432 <0.000
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4.13 Survival analysis

Overall survival analysisells us that for the @Bcasesin study 411 people were
uncensoredneans they werollowed for the entirestudy durationuntil occurrence
of event. here was a median survival time 2f monthsfor the 411 uncencored
patients with 95% confidence interval95% CI) of 1826 (Table 4.31 and
Figure4.55).

Our next question was to examine the association betvdiféerent risk factorsand

their impact orsurvivallength Intra group differences in survivafter adjusting for a
potential confounderwere confirmed througla proportional hazard modeThe

hazard of an evems basically theisk of that event, as the time frananishes to

t=0.

h(t|X) = hy(t) ePotFrx

Ho(t) is the baseline hazarblazard ratio for individuals with X= x vs X = (x+1) as

follows,

h(t|]X =x + 1) _ ho(t) ePotB1*(x+1)

h(th — x) - h (t) eﬁo"‘ﬁl*r — e[ﬁo+ﬁ1*(x+l)]—[30+ﬁ1¢x] — eﬁl
= 0 -

We systematicallyanalyses the data for each risk factor anthpare the survival

curvesas follows,
4.13.1 Association betweeageand length of survival

The data was analyzddr each age grouf¥young, 50s, 60s, 70s, 80s and 90s)90+
The mediarfollow up was 21, 29, 26, 15, 2aAnd NA respectivelyNA in this case
means infinitywhich is common in survival analysis due to the fact that the data is
skewed.In order to determine if there is a statistically significant difference between

the survival curves, we perfornthelog-rank testto test the null hypothesis.
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According tolog-rank test there were significant variations among tge grous
( ¢4 21.6 with a pvalue = 0.006 on 5 degree of freedom)To adjust forthe
covariates we perforatd the Cox's proportional hazards regression using the coxph()

function in R.

When using the Cox regression to perform the test, the results are very similar to the
logr ank t=20.4wit gvhlue = 0.001 on 5degree of freedojn Age is
significantlyassociatedio survival (pvalue = 0.0Q1). The plot Figure4.56 a) shows
better survival probability fazard ratio of dying 0.603 in aged patients but this
because we have only three patients in this age glowas observed that length of
survival is proportional to the younger ages, with max observed survival length in
young age group, then 50s, 60s and solTonextend the cox regression to adjust for
age, agaircomparson among thagegroups was performedafter adjusting for age.
Statistically sgnificant dfferences werebservedc 4= 20.4 with p-value = 0.0@3

on 6 degree of freedomSignificant dfferenceswere also recorded within groups
After adjusting for ageyoungerpatientshave significantly better survival hisng 0.66
times the hazard of dying in comparisoritieolder onesadjusting for age (HR<1)

4.13.2 Association betweeBMI and length of survival

The data was also analyzed for e@Wl group Undemeight Normal Ovemeight
andObesg. The median follow up wag3, 24 16 and21 respectivelywith 95%CI of
13-NA (undexveight), 1832 (normal), 17-29 (over weight) and23-26 (Obese)
(Table 4.31). In order to determine if there is a statistically significant difference
between the survival curves, we perform ltggrank test to testhe null hypothesis
and reject the null hypothess 4= 23.8 with a pvalue =<0.0000n 3 degree of
freedom). When using the Cox regression, the results are very similar to the log rank
t e s f=28.Lwlth p-value =<0.000 on 3 degree of freedonBMI is significantly
associated t@rostate cancesurvival (pvalue =<0.000. The plot Figure 4.56)
shows comparativelybetter survival probability (hazard ratio of dyirg0.89) in
patients with nomal BMI. To extend the cox regression to adjust for iagell the

BMI groups, significandifferences were observed among the groups with better

survival in normal followed byverweightpeoplehaving 089 and 1.50times the
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hazard of dying in comparisoto the underweightand obese patientdiR<1 for

patients with normal BMI)
4.13.3 Association betweeSmokingand length of survival

The median length of followp for smokers wal monthsin comparison ta24
months in nonsmokerswith 95% CI of 1725 and 1629 respectively These
differences were statisticallgon-significant ¢ 4=13.1, P =0.0003 on 1 degree of
freedon). Cox regressionvas applied and theesultscloselysimilar to the log rank
t e s £=15.6tvalue <0.00 on 1 degree of freeddmlt is clear from theesults
that smoking isignificantly related to survival {(palue< 0.00), with better survival
in nonsmokergHR= 1.56 in smokens Cox regression was extended to adjust for the
covariate age and was thus tested for any differetes comparingmokers to non
smokersafter adjusting for age. Again differerso@ere observedz=3.73 p-value =
0.0002). After adjusting for agenonsmokershave significantly better survival.
Smokers have 1.56 times the hazard of dyinggs compared to amsmokers
(Table4.31 andFigure4.58 c).

4.13.4 Association betweeRSA leveland length of survival

We observed that, out of the total 680 cases, 495 were having PSA level greater than
4.0ng/ml while the rest have PSA level less thdng/ml. The median follow up was

24 months for cases having PSA level greater thangfral with 95% Cl=189 and

18 monthsfor the cases having PSA level less thanrgnl with 95% CI=1625.
Statisticallynon-significant differences were observedhatween length of survival

for the cases having PSA level greater thanng/nl and those having less 4.0ng/mi

( é42.7 p-value = 01020n 1 degree of freedom). We also tested to confirm if there

is a difference in survival functions between the twougs after adjusting for a
potential confounder through a proportional hazard model. Cox regression was
applied and the results were mMeR®por | es
value = 0098). PSA level was observetnsignificantly relatedo survival (pvalue

= 0.008). Cox regression was extended to adjust for the covariate agagaimho
significant differences were observed(z=1.40 p-value =0.160) (Table 4.31 and
Figure4.57 c).
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4.13.5 Association betweebDiabetesand length of survival

There werel30 diabetic and 549 nafiabetic patients in our studied population. The
median follow up was l4#nonthsfor diabetic while 24 for nowliabetic cases with
95% CI of 1229 and 187 respectivelyNon-significantdifferences were observed
in betweerdiabetesandl e n gt h o f?=9.4 p-waluev=a0506 on & degree of
freedom)TheresultsoEox regressi on was sSPx09%@r to t
value = 0325. It was further observed that though there were-significant
differences in betweernhe two groups but patients with having diabeles/e
comparativelybetter survivalHR=0.883. Cox regression was extended to adjust for
the covariate age and wasses with diabetewere again observed havirgpetter
survival probability, having0.877 times the hazard of dying in comparisonnkor
diabetic casesadjusting for age (HR<XJlable4.31 andFigure4.59b).

4.13.6 Association betwee@VD and length of survival

There werenly 41 cases with CVD in addition to prostate cantbe median follow

up was21 monthswith 95% CI of 19-NA for those with CVDand 29 monthswith

95% CI of17-24 for those havigno CVD. Significant differences were observed in
betweenthe two groupy €& % 5.0, p-value = 0025 on 1 degree of freedom). The
results of Cox regression was “m&Bpep or | e:
value = 0014 with better survival inthose having no CVOHR= 0546). After

adjusting for agegases witbut having CVDhavesignificantly better survivahaving

0.546times the hazard of dying in comparisoncases with CVDadjusting for age

(HR<1) (Table4.31).

4.13.7 Association betweeNlarital statusand length of survival

The median follow up wa%9 months 95% CkE16-19) for married andl9 months

(95% CE7-38) for un-married casesNonsignificant differences were observed in
betweenthe two groupg & % 0.0; p-value = 0964 on 1 degree of freedom). The

results of Cox regressigoroduced similaresultst 0 t he | od=00amk t est
value = 0965 on 1 degree of freedgmAfter adjusting for ageno clear cut difference

was observed in survival for the two grou@s0.022; pvalue=0.980) Un-married
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cases hav@.995times the hazard of dying in comparisomtarriedcasesadjusting
for age (HR1) (Table4.31 andFigure4.56 c).

4.13.8 Association betweenumber of kidsand length of survival

In our studied populain we divided the number of kids into five categories (no kids,
one kid, two kids, three kids and four or over four kid$)e median follow up was
was19 months 95% CE7-38), 24 months 95% CE16-36), 19 months §5% CE16-

34), 16 months 95% CE16-29) ard 16 months 95% CE12-19) for the cases
having no kid, one kid, two kids, three kids and four/over kids respectiNely-
significantdifferences were observedr the number of kidand length of survival

( & £ 2.8 pvalue = 0593 on 4 degree of freedom). The results ®bx regression
werethe the sameash e | og F =3k ptalees=t0858.cAfter adjusting

for age,When testing the null hypothesis that there is no difference in the survival
function among different numberf dids, we noticedthat wehave to accept theull
hypothesis ¢ 1=6.67, p-value = 0246), adjusting for age (HRY) (Table 4.31 and
Figure4.57 Q).

4.13.9 Association betweerDairy products consumptionand

length of survival

We categogally divided the cases into Low, Medium, High and very highyda
products consuming group¥he median follow upvas 19, 16, 16 and ® months
respectively.In order to determine if there is a statistically significant difference
between the survival curves, we perfatmelog-rank testto testthe null hypothesis.
According tolog-rank test there werenonsignificant variations among theairy
products consming groups ( ¢4 0.8 with a pvalue = 0844 on 3 degree of
freedom).When using the Cox regressjdhe results wergery similar to the log rank
t e s £= 0(7®with p-value = 0852 on 3 degree of freedojn It means thatlairy
products consumption igonsignificantly associatedo survival (pvalue = 0852).
Figure4.57 b showsno clear differences for survival among the fguoups After
adjusting for agecomparatively better sumal ratio wasobservedfor Low dairy
product consumption group (HR8%2 but again the results amonsignificant
(6 4=5.09with p-value = 0279 (Table4.31).
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4.13.10 Association betweeRrostectomyand length of survival

The median follow up wa29 months 95% CE18-33) for cases who carried out
prostectomy and 18 months 95% CE16-24) for cases wihout prostectomy.
Statisticallysignificant differences were observed in betwéss two groupdgor their

length of survival & % 5.0, p-value = 0026 on 1 degree of freedom). The results of
Cox regressioproduced similaresults( & 4 5.39 p-value = 0020). After adjusting

for age,again significantdifferences wereobserved in survival for the two groups

(z =-2.25; pvalue = 0.024)Prostectomy enhances the survival probability and also
comparatively increases the length of survival. Patients who carried out prostectomy
have 0753 times the hazard of dying in comparisorthose who did not carried out

prostectomyadjusting for age (HRL) (Table4.31 andFigure4.56 c).

4.13.11 Association betweenPhysical activity and length of

survival

Physical activity isone among the nine cancer risk factocsaading to the World
Health Organization(Barbaric et al., 20d). Its usefulnessn various cancerhas
previously beemeportedand its correlationto cancer preventiors the most studied
subject(Courneya and Friedenreich, 200We evaluated physicatavity in relation

to survival probability and length of survival the studypopulation We divided
physically activity intofour categories (active, disturb, usually at bed, and at. bed)
The median follow up wa®4 months 95% CE23-32) for physicdly activecases21
months 5% CE14-23) for physicallydisturbcases19months 5% CE17-NA) for
cases physically distunp tothe extent that majority of times remain at bed and 16
months 95% CE14-NA) for physically too much disturb cases who are at bed.
Physical activity was observesignificanty associated with PCmnortality and thus
affect their length of survival & % 25.1; p-value <0.000 on 3 degree of freedom).
The results of Cox regressigmoduced similaresults( & & 25.4; p-value <0.000).
After adjusting for ageagain significant differences were observed in sunavabng

the physical activity group$z = 4.989; pvalue < 0.000 for physically disturb cases,
z = 1.461; pvalue < 0.010dr cases usually at bed and 0.756; pvalue <0.000 for
cases at bgdAccording to the results, physical activity increases survival probability

and survival length also. Physically active patients have the significantly better
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survival ratios. Physidly disturb cases have 1.25#4nes cases usually at bed has
1.386 times and cases at bed has 1.767 tineebazard of dying in comparisonttee
physical active patientsafter adjusting for agéTable 4.31 and Figure4.58 b). It is
now well established that healtphysical activityhelp toimprowve quality of life and
increass cancer survival by reducing therecurrencerisk or slowing cancer
progression of cancdiFong et al., 2012 It has also beenproposedthat \igorous
physical activities positively regulate cell cycBNA repair pathways anthcrease
apoptosigRundqvist et al., 201 Foliman et al., 201

4.13.12 Association betweeRamily historyand length of survival

There were three categories of patients in our study with reference to family history of
any type of cancer i.e. patients wihaving family history of cancer, patients having

no family historyand patients whado not know about any history of cancer in their
families. The median follow up wag8 months 95% CF16-27) for caseshaving
family history of cancer, 3thonths 95% CE18-34) for cases whout family history

and 24 months96% CE16-30) for cases who do not know abocancerhistory.
Family history was recorded neignificantly associated to survivél é & 2.0, p-

value = 0356 on 2 degree of freedom). The results of Cox regresgicoduced
similarresults( & 2£0.32 p-value = 057).

4.13.1Association betweeBlood pressurand length of survival

Study population was divided into hypotensive, normal, -lpypertensive and
hypertensive cses. The median follow up was24 months 95% CE16-NA)
hypotensive cases, 2Bbonths 5% CE21-30) for normal BPcases 16 months $5%
Cl=14-29) for prehypertensive cases and 16 month85% CE14-29) for
hypertensive caseBP was norsignificanty associated with length of survivalé
3.1, p-value = 0376 on 3 degree of freedom). The results of Cox regression
similarto the log rank test & 43.18 p-value = 0364). After adjusting for ageagain
nonsignificant differences were observedsurvival for theBP groups ¢ 4= 4.96
p-value = 0.81). It was further noticed thathoughBP is nonsignificantly associated
to survival but patients hang normalBP has better survival lengtfirable4.31 and
Figure4.59 a).
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Table 4.31;

Survival Analysis on the basis of different risk factors.

S.No | Analysis Type | Records | Events | Median | 95% LCI | 95% UCI

Overallsurvival

1. Overall 680 411 21 18 26
Survival analysis on the basisade groups

2. Young 15 11 21 18 NA

3. 50s 69 42 29 18 33

4. | 60s 269 168 26 23 32

S. 70s 234 150 15 14 18

6. 80s 90 40 21 14 41

7. 90s/90+ 3 1 NA 13 NA
Survival analysis on the basissrhoking.

1. Smokers 457 278 21 17 25

2. Non-smokers 233 133 24 16 29
Survival analysis on the basis of PSA level

1. >4.0 ng/ml 495 289 24 18 29

2. <4.0 ng/ml 185 123 18 16 25
Survival analysis on the basis of Diabetes.

1. Diabetic 130 103 14 12 29

2. Non-diabetic 549 308 24 18 27
Survival analysis on the basis of CVD

1. Yes 41 14 21 19 NA

2. No 639 397 29 16 19
Survival analysis on the basis of BMI.

1. Under weight 11 9 23 13 NA

2. Normd 239 148 24 18 32

3. | Obese 82 53 16 12 26

4. Over weight 348 202 21 17 29
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Survival analysis on the basis of Marisahtus

1. Married 644 388 19 16 19
2. | Un-married 36 36 19 7 38
Survival analysis on the basis of number of children.
1. | No kids 43 26 19 7 38
2. | One kid 35 22 24 16 36
3. Two kids 122 69 19 16 34
4. | Three kids 118 70 16 16 29
5. | Four/Over 362 224 16 12 19
Survival analysis on the basis of Dairy products comgion.
1. Low 50 135 19 7 26
2. | Medium 182 30 16 16 19
3. High 209 120 16 7 29
4. | Very High 239 126 19 16 24
Survivalanalysis on the basis of Prostectomy.
1. No 528 327 18 16 24
2. |Yes 152 84 29 18 33
Survival analysis on the basis of Physical activity
1. Active 258 169 24 23 32
2. Disturb 303 198 21 14 23
3. | Usually at bed 73 73 19 17 NA
4. At bed 46 46 16 14 NA
Survivalanalysis on the basis of Family history
1. Yes 165 94 18 16 27
2. No 385 237 32 18 34
3. Dondét Kn 130 80 24 16 30
Survival analysis on the basis of Blood pressure
1. Hypotension 8 7 24 16 NA
2. Normal 421 241 25 21 30
3. Prehypertension 95 63 16 24 29
4. Hypertension 156 100 16 14 29
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Figure 4.55. Overall Kaplani Meier survival analysis with 95% CI.
The plot shows the survival curve, the proportion of individual who
have survived up for a particular time are shown as a sadiihe and
the 95% CI as the dashed lines.
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Figure 4.56:. Survival curves of ProstateCancer Patients
a. KaplanMeier plotby age groups of PCa patientsHakistan
population.
b. KaplanMeier plot byBMI of PCa patients in Pakistani population
c. KaplanMeier plot byMarital statusof PCa patients in Pakistani
population
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Figure 4.57: Survival curves of Prostate Cancer Patients

a.

b.

KaplanMeier plot byNumber of kidsof PCa patients in Pakistani
population.

KaplanMeier plot byDiary products consumptiasf PCa patients
in Pakistani population

KaplanMeier plot byPSA levelof PCa patients in Pakistani
population

190



10

.No

[ Prostectomy

08
I

06

04
L

02

0
I

Proportion of individuals who have Survived

[1}

T T T T
20 30 40
Length of Survival

=
-
3

Plot of Survival Curves by Chemotherapy Group

_‘% B Active
— [ Atbed
Eﬁ [l Disturb

[l Ysually at bed

Proportion of individuals who have Survived

0.0

T T T T
o 10 20 30 40

b Length of Survival

Plot of Survival Curves by Chemotherapy Group

. Non Smokers

B smokers

Proportion of individuals who have Survived

T T T T
o 10 20 30 40

Length of Survival

c

Figure 458 Survival curves of Prostate Cancer Patients
a. KaplanMeier plot byProstectomyf PCa patients in Pakistani

population.

b. KaplanMeier plot by Physical activity of PCa patients in Pakistani
population

c. KaplanMeier plot bySmokingof PCa patients in Pakistani
population
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Figure 4.59: Survival curves of Prostate Cancer Patients
a. KaplanMeier plot by Blood pressure of PCa patients in Pakistani
population.
b. KaplanMeier plot by Diabetes of PCa patients in Pakistani
population
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