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Abstract

The management of breast cancer (BC) includes theifidaibn and analysis of biomarkers
that could be used for risk assessment, early diagnmsignosis, and as therapeutic targets.
Thus, this study was planned to evaluate the genetic factampased by mutational status of
CHEK2 gene and the genetic polymorphism D53 and GPX1 genes in the Rwandese
population and environmental factors through assessmehe giresence of HPV DNA iBC
patients from Rwanda.

The analysis of endogenous factors was done on 41 BC gaethd2 healthy contro€HEK?2
mutational status was assessed by PCR amplificatiorD&ifl sequencingTP53 p.Pro72Arg
polymorphism was evaluated by allele-specific PCERPX1 p.Pro198Leu polymorphism
genotypes were evaluated by PCR amplification and DNA seaqugenthe HPV detection and
genotyping were done by PCR amplification and DNA sequencing totabof 47 archived
formalin-fixed paraffin-embedded (FFPE) biopsies

The results clearly showed that mutations ¢.1100delC, p.R148\W\p.4157T ofCHEK2 gene
associated to BC development are absent in the Rwarmgsdation. RegardingrP53
p.Pro72Arg polymorphism, the heterozygous genotype Pro/Arg prevailbdth BC patients
and controls, and was present in 80% and 92.3% of cases¢thesiye GPX1 p.Pro198Leu
polymorphism analysis showed that the frequencies of Pra@/ioPro/Leu genotypes in BC
cases were 49% and 51%, respectively. In controls, freqeemdiePro/Pro and Pro/Leu
genotypes were the same (50% each). Analysis of HPV DNA isH&@ed that, HPV DNA was
found in 46.81% of cases, HPV16 being the most prevalent subiyp27%) followed by
HPV33 (13.64%) and HPV31 (9.09%).

In conclusion, these results suggest tRMEK2 mutations, TP53 p.Pro72Arg andGPX1
p.Pro198Leu polymorphisms could not be assessed as biomankbettésr management of BC
in Rwanda. Regarding HPV in BC, the findings suggesthiti&HPV infections could be a risk
factor associated witlBC development in Rwanda. Overall, further large-scaleiesudnd

multivariate are needed to provide more consistent conalsisind recommendations.

Keywords breast cancer, biomarkers, genetics, viral infection, Rwanda



Résumeé

La prise ne charge du cancer du sein (CS) comprend lidenth et lanalyse des
biomarqueurs qui pourraient étre utilisés pour I'évaluatiomistue, le diagnostic précoce, le
SURQRVWLF HW FRPPH FLEOHV WK EQUDSHXWREKXHYY BRGIXNHM HG (W
facteurs génétiques dont le statut mutationnel du @3heK2 et le polymorphisme des genes
TP53etGPX1 GDQV OD SRSXODWLRQ 5ZDQGDL QY LHMR G B XK WQW DX
I'évaluation de la présence d'ADN du HPV chez les patients attki@S.

L'analyse des facteurs endogenes a été réalisée sur 41spatieints du CS et 42 témoins sains.

Le statut mutationnel d€HEK2 a été effectué par PCR suivi du séquencage d'ADN. Le
polymorphisme du gén€P53 p.Pro72Arg a été analysé mallele-specificPCR. Les génotypes

du polymorphism&PX1p.Prol198Leu ont été analysés par PCR suivi du séquencage d'ADN. L
détection et le génotypage du HPV ont été réalisés par P@RIswséquencage d'ADN sur un

total de 47 biopsies archivées fixés au formol et inclus erffipara

Les résultats ont clairement montré que les mutatidki00delC, p.R145W et p.I1157T du gene
CHEK2 sont absentes dans la population Rwandaise. En ce quéroenle polymorphisme du
geneTP53 p.Pro72Arg, le génotype Pro/Arg prévalait chez les patieites témoins et était
présent dans 80% et 92,3% respectivement. L'analyse du polynmoegBiRX1 p.Pro198Leu a
montré que les fréquences des génotypes Pro/Pro et Pro/bsuletacas de CS étaient
respectivement de 49% et 51%. Dans les contrbles, les figapieles génotypes Pro/Pro et
Pro/Leu étaient similaires (50%). L'analyse d’ADN du HPV dai@&Se montré que I'ADN du

HPV était retrouvé dans 46,81% des cas, le HPV16 étant le soule-fplus fréquent (77,27%)

suivi par le HPV33 (13,64%) et le HPV31 (9,09%).

En conclusion, ces résultats suggerent que les mutafibiisk2, les polymorphisme3 P53
p.Pro72Arg eGPX1p.Pro198Leu peuvent ne pas pu étre évalués comme biomarqueurs pour une
meilleure prise en charge du cancer du sein au Rwanda. Em @engarne le HPV dans le CS,

les résultats suggerent que les infections de HPV a hauterigourraient étre un facteur de
risque associé au développement du CS au Rwanda. Dans l'ensalifes études a grande
échelle et multivariées sont nécessaires pour foursircdeclusions et des recommandations

plus cohérentes.

Mots-clés:cancer du sein, biomarqueurs, génétique, infection virale, Rwanda



Résumé détaillé

Dans ce projet, nous avons analysé trois ge@et5EK2 TP53 et GPX1 qui ont été décrits

comme étant impliqués dans la cancérogenese et le pmwuosttancer du sein (CS) dans
différentes populations. Nous avons également évaluéékepce de I'ADN du viruBuman
papillomavirus(HPV) afin de participer aux efforts déployés a I'échelbmaiale pour étudier le

réle promoteur des HPVs dans le développement du CS. Lest€sdelteette étude ont révélé a

la fois des similitudes et des différences avec les edsufapportés, suggérant la fiabilité
potentielle de ces biomMdTXHXUV HW OHXU VSpFLILFLWp GDKYWILMH G RGIHX

travaux réalisés est présenté dans les paragraphes suivant
Etude 1

L'étiologie de CS est multifactorielle et implique degrts exogenes ainsi que des facteurs
endogenes. Bien qu'ils ne représentent qu'une petite fracti@®, les mutations dans les genes
BRCAlet BRCA2sont connues pour conférer une prédisposition a haut riBeggemutations
dans les genes a pénétrance modérée ou de faible pénétranae pgalement contribuer au
risque de CS. Des études antérieures ont montré que desonsitidins le gen€EHEK?2 sont
impliqguées dans la susceptibilité au CS en raison de sowtisyales processus de réparation de
I'ADN et les points de contrble de la réplication. Nougnsvmené une étude pour évaluer les
fréquences de trois mutations germinales dans le @HEK2 (c.1100delC, p.R145W et
p.1157T) dans le CS au Rwanda. Par séquencage d'’ADN, nous aatyse &1 patients atteints
de CS et 42 témoins négatifs, et nous n'avons détecté amatet@n. Ainsi, les mutations dans
le geneCHEK2 pourraient étre un événement rare dans la population Risarglane peuvent
jouer qu'un réle mineur dans la prédisposition au CS aussch&mles cas familiaux et que les

cas sporadiques.
Etude 2

Le polymorphisme dans le gene suppresseur de tumeur p53, au7@dogté suggéré comme
jouant un role dans le développement d'un certain nombrendersaCe polymorphisme a été
étudié dans de nombreuses populations a travers le monde mbntré des résultats

contradictoires. Nous avons conduit une étude pour évalugndiaton de ce polymorphisme



avec le développement du CS dans la population Rwandaise. &snstade, le polymorphisme
a été analysé pallele-specificPCR chez 40 patients atteints de CS et 39 témoins r#édaif
génotype hétérozygote Pro/Arg prédominait aussi bien chematemnts atteints de CS que chez
les témoins négatifs, et était présent dans 80% (32/40)3936/39) des cas, respectivement.
Aucune association statistiquement significative n'aoégervée entre ce polymorphisme et le
risque de CS. La distribution des génotypes p53 a égale@ténanalysée en fonction de
I'histoire familiale, du grade tumoral et du stade cliniquidgrésultats n'‘ont clairement montré
aucune différence statistiquement significative. Cestadswduggérent que ce polymorphisme ne
peut étre évalué comme un marqueur de facteur de risque de R8aada. Cependant, pour
fournir des résultats plus concluants d'autres études analysamtes mutations génétiques
affectant l'activité de p53 sont nécessaires.

Etude 3

GPX1 est l'une des enzymes antioxydantes qui éliminent peses réactives de l'oxygene de

maniere continue. Depuis lidentification d'un polymorplEsfonctionnel bien caractérisé

nommé p.Prol98Leu (rs1050450 C> T) dans le gene GPX1, plusieurs étudésalu
l'association entre ce polymorphisme et le risque de tudansg diverses populations. Mais, les

résultats disponibles liés au CS sont contradictoiresseinében Afrique. Nous avons mené une

étude de cas-témoins pour évaluer la présence du polymorpGBXe& p.Pro198Leu dans la
SRSXODWLRQ 5ZDQGDLVH DILQ GHLGPMWHH GPL G YHWOVIROSHYWO B
génomique des leucocytes du sang périphérique de 41 patienisatteiCS et de 42 témoins

négatifs a été analysE DU 3&5 HW VpTXHQoDJH G $'1 1RXV QABYRQV \
significative dans les fréquences des génotypes retronor® (49%) et Pro/Leu (51%) aussi

bien chez les cas de cancer que chez les témoins (5@Unghbine association significative de

GPX1 p.Prol198Leu avec le grade de cancer (Pro/Leu vs Pro/Prq0R08pa été détectée. Les

résultats de cette étude suggérent que ce polymorphisme nétigeun facteur de risque de CS

au Rwanda. Cependant, des études sur l'effet de ce polymorpsres facteurs perturbant

I'homéostasie redox sont nécessaires pour une comp@ahenscluante.



Etude 4

Au cours des derniéres décennies, un grand intérét a ébéaptatiologie virale du CS. En effet,
en raison des récentes avancées technologiques et descediaveaux résultats encourageants,
il y a eu un regain d'intérét pour la possibilité qu'une prapogubstantielle de CS puisse étre
causée par des infections virales. Ainsi, des génotypes a lsgeridu virus human
SDSLOORPDYLUXV +39 RQW pWp WURNNWYE HGC DN GRIXVFDYR®F
nous avons cherché a évaluer la présence de 'ADN de HPV damas lde CS du Rwanda et a
évaluer l'association entre l'infection au HPV et lesatéritiques clinico-pathologiques. Ainsi,
un total de 47 biopsies archivées a été collecté et demations complétes ont été enregistrées.
La détection du HPV et le génotypage ont été réalisés parePGRquencage d'ADN. Dans
'ensemble, 'ADN de HPV a été retrouvé dans 46,81% des cas, le HPVilGe&aus-type le
plus répandu (77,27%), suivi par le HPV33 (13,64%) et le HPV31 (9,09%). Lzacaison des
résultats du génotypage HPV avec les caractéristiques cpait@logiques n‘a montré aucune
différence significative. Ces résultats montrent &vptence élevée du HPV a haut risque chez
les patients atteints de CS et suggerent que les infectidR¥/ & haut risque pourraient étre un

facteur de risque associé au développement du CS dans la popRiatiodaise.

En conclusion, une meilleure compréhension de ces faqteursait fournir des biomarqueurs

potentiels du CS pour une meilleure stratification de la pdpuol®wandaise et permettre une
PHLOOHXUH FRQFHSWLRQ HW XQH PLO®HGHQ &&Y U] H5IXHSW RA KX
principales limites de la médecine personnalisée est le g@fibmique unique de chaque
personne/population. Ainsi, des études omics a grande éehaitégrées sont nécessaires pour

développer des biomarqueurs utiles dans la prévention et largelstique du CS.
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[. Introduction

Epidemiology aims to study the distribution, determinaaus, causes of health-related problems
in order to prevent and control them effectively. Howettegre still remain important questions
about the biological mechanisms underlying the diseasetecMar epidemiological (ME)
studies have a great potential to overcome limitationsaalitional epidemiology and facilitate
cancer prevention and control through analysis mechamisderlying the diseases at molecular
levels 1. The ME covers the investigation of both genetic and renmiental factors by
integrating high-throughput genomic technologies in combinatibh analytic epidemiology to
identify at the molecular level specific exogenous anbfmst factors that play a role in human
cancer etiology and developmefnt The interaction between gene and environment factors
among them chemical substances and products of their alistapnutrients, and infectious
agents, remains the key idea in molecular epidemiologl ltas enabled the development of

personalized approach in medical oncology including persmhgireventior,

BC is the most common among females. The etiology®@is complex and multiple factors are
associated with an increased risk BE€ development, including age, gender, ethnicity, past
history ofBC, reproductive and hormonal factors, family history anaegie factors, exposure to

ionizing radiation (IR) and lifestyle factofs

ME studies orBC have provided the identification of biomarkers thatanmeently used for risk
assessment, early diagnosis, prognostic and prediesp®nse to treatment that might define the

basis for precision mediciné®, Personalized or precision oncology is based on use of
ELRPDUNHUVY D SHUVRQYV JHQHV SUWRWGELRYQBYB H®DIUDRFY
cancer signatures and provide information relevant forerameatment”*’. However, not all

patients are able to benefit from personalized medicipecesly in Low- to Middle-Income

countries and oncologists are still facing many challengesits implementation®'*2
Furthermore, the role of gene-gene and gene-environmesrtadtipns is usually hard to
differentiate; their overall effect very significaniéynd has population specificify. It is known
that genetic variability and the occurrence of specificymolphisms might participate in

susceptibility to BC and in the clinical outcome of theedise*.
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Therefore, it is important to conduct population-based studiggegrate into each of the other
four components of P4 (predictive, personalized, preverdang participatory aspects) medicine
afithP 3SRSXODWLRQ SHUYVSHE W lthisHésgeet, e have plaBned to this
project to evaluate the molecular epidemiologyB@f in Rwanda, focusing of genetic and viral
infections agents that may have significant implicationcarcinogenesis and clinical outcome
of BC in Rwandese population. To our best knowledge, this stutheiéirst one investigating
the association between both genetic factors and virattiofs andBC among Rwandese
population.

Inherent to P5 medicine is the balance between individuhpapulation interventions to learn
what interventions work for whom, data on each individualdn® be compared with data from
large, diverse numbers of people to identify populatidigsaups likely to respond differently to
interventions”.

Some barriers still exist to the successful implememabdf personalized medicine including
cancer heterogeneity, and variations in the level ogbaeses to different cancer treatment
regimens, the heterogeneity of the single nucleotidgnpaiphisms (SNPs). Such variations
would impose challenges on the development of personalitexventions through research on
BC to address these challend@s
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Il. Background
Il.1 Epidemiology of BC

Nowadays, the breast cancer (BC) is the second most @ormamcer worldwide accounting for
23% (1.38 million) of the total new cancer cases and 14% (458,400 adtal cancer deaths in
2008, It is far the most frequent and the second leading aafusencer death among females
in developing regions and in developed regions respecti¥%€fnus, it represents a major public
health problem and hence it is crucial to plan and impkmew health measures against the
global burden oBC.

It is estimated that the incidence ratesB@f vary worldwide ranging from 882.9 per 100,000
people in developing countries to 793.7 per 100,000 in developedriesuemd contrary to the
incidence rate, the mortality rates is high in Africayuag greatly from 17 per 100,000 for
Africa to 6.7 per 100,000 for Eastern Asia. This variation tmaylue to differences in terms of
access to treatment and survival worldwide. WBi@ incidence is affected by a demographic
transition with a resultant increasing life expectaaog a3Z HV W H U QfiLdi& @hd Ke3tyle,
the mortality fromBC is affected by early diagnosis, an increasing awaresfebe disease and

the advances that have been mad8@htherapy in many developed countries in recent years
21,22

The burden of an-communicable diseases, includiBg is rising in Africa, presumably due to
not only advances in health care, translating intoemeed life expectancy, increased detection

of cancer, but also to the prolong exposure to risk factndslife style change$®?*

The incidence of BC in Africa continues to increase amxjected to double by 2050 Within
sub-Saharan Africa, there is a markegional variation in the estimated incidenceBs, with

26.8 (per 100,000 women) in Central Africa, 38.9 in Southerrc#fr88.6 in Western Africa,

34.4 in North Africa, and 30.4 in Eastern Afrit¢dowever, precise figures for the incidence rates

of BC are lackingin most African nations given the absence of populationebasacer
registries?®?’. Only four countries (Uganda, Zimbabwe, Malawi, and South Afrigited in
YROXPH ; RI WKH :RUOG +HDOWK 2WH DQL)DYWH RE@figidia D @ ML/
cancer population-based registrig€® In Rwanda, unpublished data from Rwanda National

Cancer Registry reported 3420 cancer cases at refegpitéls between 2007 and 2011, with
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cervical, liver, breast, and prostate cancers as thdingpaliagnoses”. RwandanBC age-
standardized incidence rate was estimated by GLOBOCAN to 12.80pg000 women® and
since 2012,BC was the most common cancer among adults at ButaroeC&enter of
Excellence (BCCOE), the first public facility in the countoyprovide cancer diagnosis and care
on a significant scale using standardized prototofs

[I.2 The natural history of BC

The natural history oBC is not well understood and a number of models have beatoged
regarding breast carcinogenedis The traditional models (linear model) BE development
suggested that epithelial cells progressively evolve in tdigaiory phases: hyperplastic benign
lesions progress to atypical hyperplasia, followed bgisama in situ and invasive carcinoma
* The increasing of genetic alterations is thought teedtie progression of premalignant cells
into malignant cells and produce a primary turfior

Over time, this model has evolved with more modern méde@enetic analysis of pre-invasive
lesions and it is now known that the breast carcinogemesisnore complex multistep model.
This multistep model was demonstrated through the identdicatf the loss of heterozygosity
(LOH) on 16q and 17p in both ductal carcinomasitu (DCIS) and invasive, which was also
seen at a similar frequency in atypical ductal hypemle&DH) . Lesions like hyperplasia are
non-neoplastic and therefore are not considered aalgoecursor lesions but as marker lesions.
On the other side molecular similarities between coluroed lesions and invasive carcinomas
have been found suggesting to be considered an earlyasgoprather than hyperplastic
proliferation *"*® Interestingly, the detection of atypical, pre-malignantpredictive breast

lesions can be detected used during €&€lyscreening progranis.
1.3 BC risk factors

The etiology of cancer remains multifactorial and implithe exogenous agents and/or the
endogenous factorsDuring previous decades, the molecular markers were used txidrae
the individual exposure to the carcinogenic agents, to eeatha physiological effects of this
exposure and to establish the susceptibility of cancer dawelot and cancer café®. The
combination of the genetic and environmental factors oatribute to the predisposition ®C.

The knowledge of the nature of these two factors cae haveffect on the prevention and the
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follow-up of the diseadé*?

The identification and control of risk factors is ookethe best ways to fight against BCA
number of factors are associated with an increaBedZRPDQYfVY ULVN WRTIEHYHORS
importance of some of these factors is well known and estblished; but for others, the

association is unknown and unsupported.

The established risk factors for female BC include age, egdyah menarche, late age at
menopause, late age at first full-term pregnancy, postpaasal obesity, breast feeding,
previous breast disease, family history/genetic risk facteesetic risk factors of BC are more

strongly related to a high risk exceeding 2-fold for eganes with high or moderate penetrance
4345

I1.4 Genetic susceptibility toBC

A large number of genetic susceptibility loci have been idedtibr BC and some of them are
being used in public health applications. To date, more thage®@tic susceptibility loci
associated witlBC have been identified by Genome-wide association Stu@a¥AS) “°.
Mutations in high-penetrance genes, sucBREA1 BRCA2 TP53 PTEN STK11 andCDH1,
are known to confer a high risk (relative risk of cagieersus non-carriers of 5 to >20)BE
but affect only small numbers of women, particularly intaiarfounder populations (Ashkenazi

Jewish populationy**"8

Another group of genetic variants associated with BC wigk moderate- and low-penetrance
genes have been identified as increasing fem&leisk to various degrees (relative risk range
from 1.00 to 1.40). Moderate-penetrance genes include the ptategating variant in CHEK2,
notably ¢.1100delC, and variants in PALB2, BRIP1, and AFKf. Low penetrance variants
form a fraction of familial relative risk that are liigeto be explained by a polygenic model
involving a combination of many individual variants with weakaasations to BC®. GWAS
have identified 76 SNPs f@dC at genome-wide significance levels. These SNPs explaiatab

15% of the familial risk (assuming a sibling relative relatig& of 2.0)*>*>2
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11.4.1 CHEK2

The checkpoint kinase 2 (CHEK2) also known as CHK2,@2aheckpoint kinase which plays
a critical role in the DNA damage response (DDR) pathway andvslved in the control of
mitosis and meiosis progression and in the maintenanceemf sell genomic stability. Like
other DDR proteins, CHK2 is involved in mitochondrial DNA repair yiral DNA processing
and regulates circadian proteins which in turn regulate CH&lf P>°. In response to DNA
damage, CHK2 is activated and propagates the checkpoint aignglseveral pathways, which
eventually promotes cell-cycle arrest in the G1, S and G#idkes; activation of DNA repair;
and, in some cases, induces apoptosis (Figur& Egilures in DNA repair machinery and the
cell-cycle checkpoint pathway can result in developmengdlormations, embryonic lethality or

the accumulation of mutations that could potentially leagituetic disease, includigC °’

o @sis §szre momsm ?@smo ssssm_ ’
(Cac26h> el

S22 e B ol
=D Ba-33. g e BARCAT
- 2 3
Cdc25Co —=— @/
Rapid G1/S block G2/M block Sustained Apoptoss DINA repair
S-phase delay G1 and GZ arrest

Nature Reviews | Molecular Cell Biology

Figure 1 CHEK?2 downstream effectors
Activated (HK2 induces rapid G1/S cell cycle arrest and/or S-phase delpfidgphorylating Cdc25A, an event
that triggers ubiquitylation (Ub) and proteasome-dependent degmad##tiCdc25A. In addition, activatedH&2
participates in maintaining the G2/M block by phosphoitytathe mitosis-promoting Cdc25C phosphatase. This
phosphorylation generates a landing pad for 14-3-3 proteinshvare believed to sequester Cdc25C from its
substrates. BK2 also phosphorylates the p53 tumor suppressor, which rdeulstabilization of p53 and
WUDQVDFWLYDWLRQ RI S -gpecify ObiduitthViigasél RdiZ miglik tdis@ be a sulistifar the
CHK2 kinase. Concomitant phosphorylation of p53 and Mdm2 by atalngiectasia, mutated (ATM) kinase
contributes to the stabilization of p53 and an increads gpecific DNA-binding capacity. HenceHE2 and ATM
cooperate to achieve maximal p53-dependent expression ofthahase involved in sustained cell-cycle arrest (as
long as there is a single unrepaired double-stranded DNaDBESB); some forms of DNA repair; and promotion
of apoptosis if the damage cannot be repaired. FinaliKZand ATM jointly phosphorylate the BRCA1 tumor
suppressor. BK2 -dependent phosphorylation leads to dissociation of Chk2BR@AL, an event that is required
for efficient repair of DSBs and survival of cells tlae exposed to ionizing radiation (Adapted frjn
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CHEK2 gene and structure/protein function

The CHEK2 gene is located on chromosome 22q12.1, consis6exons, and spans 54,092 bp
of genomic DNA®%. This gene encodes a protein of 543 amino acids with thremais

functional domain&®.

The amino-terminal domain (aa 1969) is rich in serine-glutamine and threonine-glutamine
pairs (Ser-GIn/Thr-GlIn), called SQ/TQ cluster domain (S@Bgse SQ/TQ motifs are preferred
sites of phosphorylation by phosphatidylinositol-3 kindai8K) family kinases, ATM and ATR
with T68 being the primary site that gets phosphorylateésponse to DNA damagé®® The
forkhead-associated (FHA) domain between residues 112 and 175 Miodghpthreonine
residues and is involved in interactions with phosphorglggeteins which are triggered by
phosphorylation of proteins that are recognized by FH#taioing partners including the
phosphorylated SCD of another CHEK2 molectieIn the C-terminal domain (the kinase
domain, aa 22M86) occupies almost the entire carboxy-terminal half of KHbas been
identified based on their homology, including an actoratioop (T-loop; residues 36606),
with serine/threonine kinasé$ For efficient kinase activity, the activation loop cains several
residues that undergo autophosphorylafidnBetween 515 and 522 amino acids, there is a
nuclear localization signal (NLS) that targets newly sgsited protein among various

subcellular compartments (Figure®3)
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Figure 2 CHEK?2 activation and inactivation
(A) CHK2 protein primary structure. (B) After DNA damage, CHK®@nomers are phosphorylated in the SQ/TQ
rich region, dimerize, and become active upon autophodpliory Successively they dissociate into active
monomers. (C) CHK2 inactivation is achieved by degradation, adpblorylation, and inactivating
phosphorylations (Adapted froft)

CHK2 Activation

CHEK?2 exists as an inactive monomeric form in unstresseahhuwcells. CHEK?2 is activated in
response to DNA damage in eukaryotic cells and to replicatmeck®lcaused by UV light or

ionising radiatior?>®

After DNA damage signal, oligomerization of CHEK?2 isieated by phosphorylation of T68,
which serves as a ligand for the FHA of another CHEK2 cuddeand by other residues in the
SCD. These phosphorylations resuft a conformational change which induces CHEK2
dimerization, followed by the activation of the kinasemain through activation loop
autophosphorylation at residues S260 and T432, the T-loop resi®@88 and T387, and S516

% resulting in the release of the dimers into fulliEK2 active monomers, which function in
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DNA damage induced cellular responses by phosphorylating p532Q $ich is part of the
Mdm2 binding site. Tis phosphorylation disrupts the binding interface betweedm® and p53,
and results in p53 protein stabilization (Figur&).

CHK2 may also be activated by DNA-dependent protein kinaseA(BKics), suggesting that
DNA-PKcs is essential for mitotic CHEK2 phosphorylationT&8 and participates in the
activation of CHK2, when damage occurs during mitd3ign response to DNA damage, polo-
like kinase-3 (PLK3) phosphorylates CHEK2 at two residues, S@2Sit8, and the DNA
mismatch repair protein MSH2, which interacts with CHK2 i@ssof damage, facilitate ATM-
mediated phosphorylation of T68 and promote CHK2 activdfioBHEK2 has been also shown
to regulate apoptosis through a p53independent pathway by phgaphg the promyelocytic
leukemia protein (PML), a tumor suppressor implicated in acat@y®locytic leukemid?

CHEK2 germline mutations and risk of BC

The first indication that genetic alteration in CHEKnay predispose to cancer came from at
least a subset of families with Li-Fraumeni syndrome (LESJ)isease that is typically associated
with a germline p53 mutation, who do not have mutations inpb@ tumor suppressor,
suggesting that germline mutations in the CHEK2 gene may indieceame phenotypic as

germline p53 mutatiof?.

Multiple studies have evaluated the CHEK2 germline mutatiangelation toBC risk with
GLIITIHUHQW UHVXOWYVY ,WIV QRZ MX¥WDB W RDBENAG@nemEEK H VSHF
between populations, and some of them exhibit high frequerames may contribute to
differences in cancer risk between populations and atogenetically stratifying the population

4 Mutations in the kinase domain of CHEK2 have been assdciait failure checkpoint

activation after ionizing radiation treatment resultingdecreased or lost kinase activity and
mutations within the FHA domain have been associated adtelerated CHEK?2 degradation

and defects in its protein-protein interactions (defectivrecognizing their substrates such as
Cdc25A, p53, or BRCA1}P ™

Five founder mutations iICTHEK2 gene have been widely studied: ¢.1100delC, the missense
mutations p.R145W and p.I157T, the splice site mutation IV3& A and the large genomic
5,395 bp deletion (del5395), and are accepted to confer aboublelévated risk of BC
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CHEK2 ¢.1100delC mutation appears to be the only mutationiasswbaevith an increase BC
risk 7’8 Many other rare CHEK2 variants (Figure 3) have been idedtifi small subsets of

diverse types of human malignanciés
CHEK2 c.1100delC

The protein-truncating mutation ¢.1100delC which resides im &gois the most studied and is
associated with defective reduced protein CHEK2 which lacks kmetsaty in an individual
with LFS without aTP53mutation®.

The CHEK2 ¢.1100delC was shown to have a two-fold increasetbri®C in women and ten-
fold increased risk foBC in men*®®% A clinical assessment &C risk: mea-analyses of 26,000
patient cases and 27,000 controls, has reported a 4.8 refakveof developingBC for
heterozygous CHEK2 ¢.1100delC mutation carriers, who havenalyf history of BC 2
However, the clinical applicability dhese finding remains uncertain because of a wide variation
in the frequency of ¢.1100delC mutation in different populatfinghese results suggest that
chek2* ¢.1100delC is not a high penetrance mutation, but rathelatavely common variant
with a moderate-risk susceptibility gene f8C 3. It has been recommend that CHEK2
€.1100delC genotyping should be considered together with BRG#AL BRCA2 mutation

screening in women with a family historf BC 2.

The carriers of CHEK2 ¢.1100delC appear to develop ER anddeRtoe positive tumors more
frequently than non-carriers, CHEK2 ¢.1100delC mutations wesre commonly observed in
lobular carcinoma, and tumors from CHEK2 c¢.1100delC mutat@riers were of higher grade

than those of non-carriefs®’.
p.R145W andp.l157T

The missense mutations p.R1456137853007) and p.1157T (rs17879961), with a less
penetrance than.1100delC mutatioff®, lead to unstable mutant proteins and to the deleterious
binding of CHECK2 protein to p53, BRCA1 and Cdc28%°% Two mutations have benn
identified in Li-Fraumeni patients that lead to frameshiit the C-terminal kinase domain result

in loss of kinase activity.
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Isoleucine 157 is required for several van der Waals rtiers at the interface of FHA and
kinase domains of dimerizing CHEK2 peptide chains. The sutistitof isoleucine 157 by
threonine (p.1157T 0oc.470T >C) in exon 3 affects several interactions atirtterface of FHA
and kinase domains, leading to defective binding to BRCA1, Cdc2®Ap3a3 and thus leading
to problems in the homodimerization @HEK2which is required for its activatioff. The
p.1157T mutation hee been associated with a loBC risk but in a lower frequency than the
CHEK2 ¢.1100delC than truncating mutatiin However, like CHEK2 ¢.1100delC carriers, the
p.1157T allele haseen associated strongly with lobul&C and with ER-positive and PR-
positive 3. Although some studies have supported that the CHEK2 p.I157T stoag
susceptibility marker oBC, this allele showed variation in population frequencies genet
gene interactions studies should be considered in futnadysss, for a better and more
comprehensive understanding of the association betwe®&HB&?2 p.1157T variant and cancer
risk %2

The p.R145W ¢433C>T) mutant encodes a grossly unstable protein found inianv&FS
family and an unrelated colorectal cancer cell-lines asdbdeen shown to have disrupted kinase
DFWLYLW\ E\ DIIHF Whe(ral foldsF**STHisi adiaRtah @t be phosphorylated at
an ATM-dependent phosphorylation site, T68, and cannottdeated following DNA damage
%, The low frequency of CHEK2 p.R145W mutant indicates thstcbntribution toBC
susceptibility is likely to be very lowf*2,

R137Q E377(Del)
D82A K13IN P152S L375FS RAVSES

T59K 1100Deic| Y424C

S49P | E79G A2470 D3NV 1 366FS E394K ASD7G

| ) || | 111 1
kinase domain

Figure 3 Identified mutations in different types of cancer
Identified mutations in different types of cancer, includd@ (Adapted fron®)
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CHEKZ2 as cancer therapy target

CHEK?2 (as a key downstream target of ATM) has been descbedarget for the development
of radio- or chemosensitizers. Several inhibitors Hasen developed to precisely decipher its
role in cell cycle arrest and tumorigenesis, and ultipatevalidate its relevance as a target in
cancer therapy®. Besides the conflicting results, several studies have steghéhat CHEK?2
inhibition in combination with genotoxic agents (IR and chdmpeutics) might have
therapeutic value by attenuating DNA damage-induced cell ¢yeekpoints and to enhance
apoptotic activity"®*°* Inhibitors of CHK2 target the gatekeeper-dependent hydrophobkepo
located behind the adenine-binding region of the ATP-binding'&iteAs an alternative to
CHK2 inhibition, activation of CHK2 could have therapeutalue by playing a role in the
barrier to oncogenesis and its activation in the alssefdNA-damaging agents may force
tumor cells to exit the proliferative state, eitherotigh death or senescence. The increased
expression of CHEK2 has reported to lead to decreased chiéation, G2 arrest, increased
apoptosis and senescence. Additionally, by eye the lcelied senescent’® Cellular and
pharmacological studies demonstrate that the respdiastumor to CHEK2 therapy will depend

on the level of intrinsic DNA damage which elicit distinesponses from the CHK2 pathw3y.
11.4.2 TP53

The TP53gene encodes the p53 protein (53-kDa). p53 is ubiquitous phosphoprgiécated

in many overlapping signaling pathways that control cell pnaiion and homeostasis, such as
regulation of the cell cycle, apoptosis and DNA-repdirA major role for p53 has been termed

SWKH JXDUGLDQ RI WKH JHQRPHKLYVLRFRWH U $ VGV HMRU HQ UHH
damage, hypoxia or loss of normal cell contacts with l@sseqguent cell cycle arrest, enabling

DNA repair. P53 has been extremely actively studied and foubd tbe most common genetic

change identified to be mutated in >50% of human turtfors”.

TP53gene and structure/protein function

The TP53 gene is located on chromosome 17p13TR53 gene is approximately 20 kb long
composed of 11 exons, exon 1 and exon 2 are separated hyoanoin10 kb, It is a tumor

suppressor gene belonging to a multigene family that inclivaesdentified homologues TP63
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and TP73. These latter genes are more often assowatiedembryonic development and
differentiation control, but also contribute to the tursnppressor activity of p53°.

The majority of p53 expression is driven by a promoter segutatated upstream of the first
exon. As the first exon is untranslated region in thedwp®b3, translation start begins in exon 2,
spans 1,182 bp, and ends early in exon'11A binding site for the PAX family of transcription
factors resides within the first exon of p53, all othiading sites reside upstream of transcription
initiation including MYC/MAX, NF- % 1)YY1, HOXA5, ETS1/ETS2, Spl and PF1 (Figure

4) 111,112.

Mouse p53 gene promater

RBP-Jx
Sp1 C/erp HoxAS Myc/Max; Usf
ol Ll A oS
Pax

CTCH PF2 PF1 YYUNF1 NFg-B

Human 53 gene promoter

ISGF3 BCLG p53/p73 BE/NFi-B £2F1

— CICH — = — —

BCLE e AP1 HoxAS YY1/NF1  RREB-1 Myc/MacUsf  Pax
ETS1/ETS2 hPTX1

Figure 4 Human and the mouse p53 gene promoters
The binding motifs for transcription factors are shownoliionary conserved motifs are highlighted in red and
species-specific motifs are in black. CpG islands andrémescriptional start sites (TSS) are represented aa gree
boxes and arrows, respectively (Adapted ffoth

The p53 gene encodes a 393 amino acid, a 53 kDa nuclear phosphotratereversibly
associates to form tetramers and can be divided wecsfructural domain each correspondimg t
specific functions (Figure 5). The N-terminus par#d, contains the acidic transactivation
domain and the Mdm2 protein binding site. 1) Region 42-100at0sitseries repeated proline
residues that are conserved in the majority of p53; firissen necessary for p53 dependent
apoptosis and cell cycle arrest. 1ll) The central nedi01-306) rich in arginine and related to
transcriptional activity, contains the DNA binding domédBD. It is the target of 90% of p53
mutations found in human cancers. V) The tetramedratiomain (307-355) consists of the
nuclear localization domain, the oligomerization domaid the nuclear exclusion domain V)
The C-terminus of p53 (356-393) contains 3 nuclear localizatignals and a non-specific DNA
binding domain that binds to damaged DNA. This region is alsohiad in downregulation of
DNA binding of the central domair>**
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Figure 5 P53 protein domain structure

The N-terminal part amino acids#2, constitutes the transactivation domain. The prolictedomain, from amino
acid 42 to amino acid 100, is proven necessary for p53 depesputgriosis and cell cycle arrest. The DBD (DNA
binding domain) is rich in arginine and related to trandonpd activity. The protein domain from amino acid 305
to amino acid 322 includes the nuclear localization don¥die. domain from amino acid 340 to amino acid 351
includes the nuclear exclusion domain. In addition, the pratemain from amino acid 326 to amino acid 356
coresponds to the tetramerization domain. The C-terminada@to from amino acid 364 to amino acid 393 is
required for DNA binding capability andDR (Adapted front™)

TP53 Activation

The cell cycle is under tight control through three majoeckpoints that monitor the integrity

and replication status of the genetic material, espe@aliiye transition state from G1 phase to S
phase and from G2 phase to M phaSé''’. The p53 signaling pathway is in standby mode
normal cells, and it is stabilized and activated in raspdo these checkpoints in the cell cycle

which are activated by multiple stres$&s*

In normal cells the level and activity of p53 is low anduaily undetectable, because the half-
life of p53 protein is only 20 minutes. At least there aredtcellular pathways by which p53
can be activated. One pathway is triggered by DNA damage, caysddigs and ionizing

radiation. This activation of the network is dependent anpvotein kinases, ATM and CHEK2
120,121

A single dsDNA break occurring anywhere in the genomeffmgunt to cause rapid, large-scale
activation of ATM (Figure 6). ATM activates CHEK2 by phospylating amino acid which
leads to autophosphorylation of T383 and T387 in the CHEK?2 kiasain T68%1221% ATM
also mediates alsarapid phosphorylation of p53 directly at S15 a site clasthe interaction
region of Mdmz2. Phosphorylation of Serl5 will obstructdibig of Mdm2 ard increase the
stability of p53. ATM can also phosphorylate Mdm2 direotlySer395 to decrease its affinity to
p53 1241% gtabilization and activation of p53 by CHEK2 phosphoryta®20 in response to

DNA damage result in an increase of p53 protein levels duegtofisantly reduced Mdm2
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dependent proteolytic degradation, and increased affifitg58 for sequence specific DNA

binding activity*2°#?®,

@ Mdm?2-mediated
Q —— ubiquitin-dependent
proteolysis

DNA damage

Phosphorylation of
serine-15 and serine-20

Mdm?2
displaced

A\
P-S15 P-S20

gl Increased levels of
transcriptionally active p53

Transcriptional activation of
genes that lead to cell cycle arrest,
apoptosis, or enhanced DNA repair

Figure 6 Model for regulation of p53 by Mdm2
In an undamaged cell, p53 is complexed with Mdm2 and targetedifpritiiedependent proteolysis. DNA damage
induces phosphorylation of p53 at serine-15 and serine-20, dmgplatdm2. In addition to revealing the
transactivation domain of p53, displacement of Mdm2 resnltp53 no longer being efficiently targeted for
degradation, leading to an increase in the levels of celp8d. Activated p53 is then capable of inducing the
transcription of genes that lead to cell cycle aragsptosis, or enhanced DNA repair (Adapted ffén

The second pathway is distinguished from ATM becaugeribt dependent on intact ATM or
CHEK2, instead, this pathway involves kinases called ATR (atted@ngiectasia related
kinases) (Figure 7). Another feature that distinguishesethwo kinases is their sensitivity to
different types of checkpoint signals, where cells oygnessing a kinase-inactive form of ATR

are sensitive to UV and hydroxyurea (HU) sensitive to UV andwile cells lacking ATM are
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hypersensitive to IR, but not to UV or H*?°13° This suggests that ATR is directly involved
in the modification of p53 during the cellular responserieeplicated DNA (induced by agents
such as HU) and to certain DNA-damaging agents, including U¥ ltig phosphorylating p53 at
both Ser-15 and Ser-3%13!

Mdm2-mediated
[ p53 || —— ubiquitin-dependent
p ‘S 3% degradation
-Ser376
IR Uuv
‘ ATM/ATR *ATR
P-Serl5 P-Serls
p53 El 1 p53 l
Ser376 P-Ser376 ?
5 9
P-Ser37 ” n P-Ser37 > Ac-Lys382
P-Ser33 A-Lys382 P-Ser33 Ac-Lys373
P-Ser20 A-Lys373 P-Ser20 Ac-Lys320
P-Scrl$ A-Lgpoat P-Serls  P-Ser302
L
LI p53 I p53
Ser376 P-Ser376 ?

Figure 7 Model for post-translational modification of§3 in response to DNA damage in vivo
In an undamaged cell, p53 is targeted for ubiquitin-mediated degradé its interaction with Mdm2. Serine-15
of p53 is phosphorylated in an ATM/ATR- dependent manner jpores to IR, and an ATR-dependent manner in
response to UV. Furthermore, in response to IR, serineis3@é-phosphorylated in an ATM-dependent manner,
resulting in activation of p53 DNA binding via interactiaith 14-3-3 proteins. It remains to be established wdreth
similar de-phosphorylation of serine-376 occurs in resptmsgher forms of DNA damage such as UV. Further
phosphorylation events, by as yet unidentified kinase®/im occur at serines 20, 33 and 37 in response to IR and
UV, in addition to serine-392 in response to UV. Phosghtion of serine-15 and serine-20 displaces Mdm2 from
p53, resulting in an increase in the half life of p53. Sequemeefis DNA binding of p53 is activated by
acetylation of lysine residues 320, 373 and 382 by as yet urfdentiistone acetyl-transferase (HATS) in vivo
(Adapted from?)

The third pathway consists in activatiari p53 by aberrant growth signals, such as those
resulting from the expression of the oncogenes Radyorto promote apoptosis®**? These
oncogenes stimulate the transcription and stabilizatiaghe p14(ARF) and p21(CIP1) proteins,
which bind to Mdm2inhibit its activity and increasing the levels of the p53 prot&, thereby

promoting cell-cycle arrest and apoptosis (Figur&8)*
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Figure 8 The activation of p53 by Myc and Ras
Activation of Myc and Ras can force proliferation trigger apoptosis. These oncogenic signals engagertioe-
suppressor network at many points, including through the-p&3- circuit shown here. Myc activates p53 to
promote apoptosis while interfering with its abilityitmluce growth arrest by p21. Conversely, Ras activates p53 to
promote growth arrest while suppressing apoptosis. Thisifigdpliew helps explain why, despite the potential of
p53 tg 5;:ontrol several processes; apoptosis is primasiyonsible for p53-mediated tumor suppression. (Adapted
from

P53 mutations and risk ofBC

As it is previously cited, p53 acts as a negative regulatoelbfgcowth in binding to DNA
sequences when there is DNA damage. When p53 protein binds iDMinulates transcription
of the gene for the cyclin dependent kinase (cdk) inhibpooyein called p21 that interacts with
the cyclin E/cdk2 and cyclin A/cdk2 kinases preventing them from pingiaell cycle
progression?. The effects of the p53 tumor suppressor protein depend okevbeof p53
expression, where lower levels of p53 induce cell cyctesar while higher levels result in

apoptosis >

When there is a mutation in the p53 tumor suppressor gengEInprotein is made and thus no

p21-cdk2 is complexes and as a result of this, the p21 pisteot made available to act as the
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stop signal for progression of cell cycle contributingimtyato uncontrolled proliferation, and

result in cancers’’%3°

It has been previously shown that p53 is mutated in more 588k of human cancers, the
frequencies varying considerably from 10% in haematopoietiignancies to 5&0% in

ovarian, colorectal and head and neck cancers (Figdf&'§j
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Figure 9 p53 Alteration Spectrum

The TP53 mutation distribution for different types of cancerhwgiufficient available data and frequency of TP53
alteration. Each histogram depicts the number of mutafaunsd at each position along the p53 protein coding
sequence, with the transactivation domain, DNA-bindiagnain, and oligomerization domain. Different types of
mutation can be found, including missense, nonsenderire indels, or multiple mutation types (Adapted fréf

The majority of mutations in the p53 gene occur within thetr@al most conserved region, the
DNA binding domain especially in the codons 175, 245, 248, 249, 273, an(k@®&n as
hotspot) resulting in loss of function, dominant negati¢tivity, and gain additional oncogenic
functions'*” 141142 Despite the multitude of p53 mutations resulting in a negatifest of p53
function, not all mutations are protein inactivatingutiht p53 may lose only part of its DNA
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binding activity*****4 Mutations ofTP53 gene are divided into three types: missense mutations
(y75%) IDOOLQJ LQWRInp pddR Whi¢cls &aNhgKily conserved and represent redions o
structural or functional importance, nonsense and framesai#tions. Nonsense and frameshift
mutations typically encode truncated proteinkile missense mutations consist of single amino

acid changes and the proteins are usually detectdpfg 4

Mutations in theTP53 gene are the most frequently observed in genetic afiesatf breast
tumors accounting for 20-30% of all ca$ésIn BC about 1,400 distinctive mutations have been
identified in the p53 gent®,

Germline mutations iITP53 are very raresan association betwedC development and p53
was first described when a germline mutation in the p53 genefieént LFS. LFS is a rare
autosomal dominant disorder associated with a varietynalignancies with four cancers
accounting 80% of LFS associated tumors: breast, sardwaia, and adrenocortical carcinoma
149150 Germline mutations in the TP53 gene have been estimateddore for less than 1 % of
BC and that more than 85% of TP53 mutation carriers will idgveancer by the age of 60

LOH in the p53 gene is a genetic event frequently obsenvedmary breast carcinoma® >3

Somatic mutations imP53 are reported in 20-60% of humBR&s and lead to inactivation of the
gene, loss of tumor suppressor function, and in somes ggseeration of a dominant negative
form of p53. Approximately 90% of disease associated mutabaesir in five conserved

domains in exons 1, 4, 5, 7, and 8, with mutations in five cod@®, 245, 248, 249, and 273

142,154

In addition, mutation of p53 has been associated witloig raggressiv8C and worse overall

survival*®®,

P53 polymorphisms and risk ofBC

To date, at least 14 different SNPs have been reportdek inP53 gene, 5 SNPs have been
reported in the coding region; four in exon 4 at codons 344B6and 72; and one in exon 6 at
codon 213. 12 SNPs have been reported also in the integims, two in intron 1, one in intron
2, one in intron 3, two in intron 6, five in intron @nd one in intron $°°. The p.Arg72Pro

polymorphism (rs1042522) that results in an amino acidic chaitiger an arginine (C-G-C) or a
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proline (C-C-C), is the most studied and well functionally well characteriz€dThe SNP was
discovered based on mobility differences when performing p&@&iprelectrophoresis due to the
structural change where the p53Pro variant migrates nowdysthan the p53Arg variant in

sodium dodecyl sulfate-polyacrylamide gel electrophore X(BAGE)'*

The p.Arg72Pro polymorphism is located in a proline-rich iaeg (residues 642),
transactivation domain of the TP53 gene which is essdatids DNA-binding ability to induce
159 This polyproline region is considered to be an Src hogy8 (SH3) binding domain (they
mediate protein/protein interactions), and the Pro72 aaumbconstitutes one of the five PXXP
(P = proline, X = any amino acid) SH3 binding motifs definedinithis region'®’,

Both proteins are structurally wild type and there are sulifferences in their respective
abilities to interact with basic elements of the tcaigional machinery, and this is reflected in
differences in their transcriptional activities. Indeéhe two genetic variants arginine (Arg72
and proline (Pro72) have been reported to have distinctidumattproperties (Figure 10) with
different biological and biochemical activity’. The Arg72 form of p53 has 5-fold enhanced
capacity to induce apoptosis, compared to Pro72, while thé2Pvariant appears to induce
higher levels of cellular arrest in G1 phase of thé @galle and is and better at activating p53
dependent DNA repaif? Thus, these data provide indicate that TP53 codon 72 riigttion
differently and may confer vulnerability to cancer. There, this may have important

implications for the management of patients with viyide p53-containing tumors, depending on

their p53 genotyp&®>1%3

/G‘lx

M S GHOGHDOA

\Gz/ W

Cell cycle DNA repair Apoptosis

arrest

p53 Arg72 1
p53 Pro72 1} 1

Figure 10 Functional differencesTP53p.Arg72Pro
Functional differences between the Arg72 and Pro72 versiqus3 (Adapted from®?).

Significant differences in the codon 72 polymorphism fregigsnhave been observed among

different racial/ethnic groups. Several groups using mainly-caseol studies have showed
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conflicting results of the genetic susceptibility roleTd#53 p.Arg72Pro polymorphism iBC.
These controversial evidences could be substantiatdteldgct that the studies are conducted in

different ethnic groups, geographical areas, and differingoetsrof study subjects®.

The Arg72 variant has been reported more prevalent inagSaurts, whereas the Pro72 variant is
more common in Chinese and African-descent. Moreoveerakstudies have reported that the
SNP72 is influenced by natural selection and Pro allele freyui@creases following a gradient
from Europe to Africa according to latitude with around 60%fincan descents and H34% in
Caucasian descents’'®* Pro72 is probably the ancient allele, but the reasorntHerhigh

frequency of Arg72 among Europeans is unclébr

In BC, the Arg72 has been reported as a susceptibility alleBGoespecially in Europeans,
while the Pro72 allele has also been associated with iect& risk *°9*°%1° Studies against
the association of th&P53 p.Arg72Ro polymorphism andBC risk have also been reported
167,168 Results on the impact of the p.Arg72Pro mutatiorB@nrisk are still conflicting and no

clear consensus has been reached.

Although non conclusive results have been folffidthe association of SNP p.Arg72Pro with
clinical outcome showed th&C patients carrying a Pro/Pro variant may be less sengib
chemotherapy treatment (anthracycline-based therdyay) those with a variant Arg/Arg or
Pro/Arg. These studies showed that mutationsRB3could induce a resistance to treatment and
suggest that the Pro/Pro genotype is independent prognostictwednarker for selecting the
right BC patients to anthracycline-based neo-adjuvant chemoth&f4{$:

11.4.3 GPX1

Glutathione peroxidase (GPX), catalase (CAT), and superoxieuthse (SOD) are the key
antioxidant enzymes involved in protecting cells from the atging effects of reactive oxygen
species (ROS}”. GPXs are selenoproteins that have selenium (at theioposihere sulfur
resides in cysteines) as selenocysteine at their actitee making them suitable for
oxidation/reduction reactions. They catalyze the reductidrydrogen peroxide (¥D,), organic
peroxides (ROOH) or lipid peroxides (LOOH) using reduced glutathiG®H] as a cosubstrate
with the production of oxidized glutathione (glutathione Hida, GSSG), water or

corresponding alcohols (Figure 1§
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GPx

R-OOH + 2GSH » R-OH + H,O0+ GSSG

.
5SSG + H* + NADPH Glutathione reductase | 2GSH + NADP*

Figure 11 General reaction mechanisms for antioxidant glutathioa peroxidase (GPX)
GPX catalyses the chemical reduction of lipid peroxides #D,Ho respective alcohols and water by glutathione
(GSH) which forms glutathione disulfide (GSSG). Glutathioe@uctase catalyses the reduction of GSSG back to
GSH in the presence of NADPH (Adapted frof

There are 4 known selenium-dependent GPXs isozymes haveidagified in mammalian
tissues, i.e. classical cytosolic-mitochondrial GPX1 (cGR¥@strointestinal GPX (GPX 2),
Extracellular plasma GPX (pGPX, or GPX3), and phospholipid hydroper&ithe¢ (PHGPX4
or GPX 4). Although their expression is ubiquitous, the lewe&ach isoform vary depending on
the tissue type: GPX1 (cytosol, nucleus and mitochondritguisd in red cells, liver, lung and
kidney; GPX2 (cytosol and nucleus) is an enzyme expressed predaly in the epithelium of
the gastrointestinal tract; GPX3 (cytosol) is presenniyan kidney but also in different organs
such as lung, heart and muscle; GPX4 (nucleus, cytosol, mitdda and bound to membranes)
is also broadly distributed in different tissté%'’” Two other isozymes, GPX5 and GPX6, have
been identified in mammals, and are both closely relat€sR¥3 with some specific features:
GPX5 lacks the selenocysteine and is secreted in epididy@&RiX:6 is a selenium-dependent

GPX expressed in the olfactory epithelium and was identifiétimans and guinea pi§$.

GPXL1is the first major mammalian selenoprotein reported in 1958hasnzyme that protects
hemoglobin from oxidative degradation in red blood cells andnis of the most abundant
members of the GPX famif{/°*®° Compared to catalase, GPX1 has shown to be more effective

at protecting the cells against intracellular peroxideleumany physiological conditiori&".
GPX1gene and structure/protein function

GPX1 enzyme is encoded BPX1gene on chromosome 3p21.31 and contains two €Xans

The total molecular mass of the active purified mammaB&X1 ranges from DQG xN'D

and has been described as of a tetramer of identicahgsilof y22+ xN'D 6HTXHQFH GDWL
cDNA analysis shows that the polypeptide chain of human GiR&iomers are between 202

and 204 amino acids in length (depending on allelic varidni¥, predicting a protein monomer

of y21,800+ x NP8
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Cloning and DNA sequencing of GPX provided evidence for the presehselenocysteine
(Sec) at position 47 in the GPX1 protein and proof that iteva®ded by a UGA codon which
normally signals translation terminatio¥*%> The essential function of Sec at the active ciite
GPX instead of a Cys may enhance the rate of reactioim myjdrogen peroxide because Sec
would have a clear catalytic advantage at acidic pH veitly electrophilic substraté&®. Sec has
been also found to enhance GPX1 mRNA stability, mRNA traaslaand activity, and
consequently provide protection against DNA dam&ge

GPX1 polymorphism and risk of BC

Polymorphisms of GPX1 have been shown to be associatedvasitbus forms of cancer,
including breast, prostate, lung, head and neck cdfftedRVW R1 WKHVH 613V DUH LQ

flanking region*®®.

Among several SNPs that have been studied for this genegtgohal SNP at codon 198 in exon
2 (C>T)) alters the protein coding region resulting thexi a leucine (leu) or proline (pro) at this
position has been described (p.Pro198Leu, rs1050480)Studies have shown that the Leu
allele was found to be less responsive to increased seldenmels compared to the Pro allele to
stimulate GPX1 enzyme activity by selenium supplementatios making it responsible for

some diseasgg?191:192

The association of BC risk and GPX1 rs1050450 has been studieihdings are yet fully

conclusive. In a meta-analysis which covered 5509 BCscard 6542 controls from 6 case
control studies, the results have not revealed any iatsocamong the whites and it has
suggested that the polymorphic variant may increase tkeoriyy among African descents

carrying variani_eu allelehomozygotée®
[1.5 HPV and BC risk

Many specific viruses have been accepted as playing a calesal about 1520% of all human
cancers including cancers of the cervix and anogenital #irediver, some lymphomas, head
and neck cancers, indirectly human immunodeficiencysvassociated cancers aBg %+
Multiple oncogenic viruses have been hypothesized aegiiofactors in the development of

BC. The main candidate viruses known include Epstein Bars {iEBV), bovine leukemia virus
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(BLV), high-risk (HR) human papillomavirus (HPV) and mouse mamymtumor viruses
(MMTV) %,

HPV infection can be transmitted via both sexual and nomaseantacts through the skin and
epidermis injuries, mucous membranes and skin abrasiBndn women, epidemiological

studies have shown that the HPV infection is associatedmithiple sexual partners, initial age
of sexual intercourse and the likelihood of one of the depadners with an HPV infection

19819 More rarely, studies have reported that HPVs can bernitted vertically from mother to

infant before or during childbirth via perinatal transnaigasor horizontally through manipulation
of the child with infected hands, bathing, towels and fonffte€*

Studies have shown a great evidence which indicating thatiorfegith HR-HPVs is associated
with an increased risk oBC with an overall odds ratio of 5.4, however, there arekeath
differences between countries in the prevalencelRHPVs inBC 2% Infections by HPV can
lead to a wide array of clinical outcomes ranging fromdpemiarts to cancers. Fortunately, this
has been suggested as good news because of the effectoieevaavailable to prevent

infections from carcinogenic strains of HPV, which causeser of the uterine cervi*°3
[1.5.1 Organization of the HPV genome

HPVs are small {55 nm in diameter), non-enveloped, epitheliotropic virutasy possess a
circular double-strand DNA genome of 8 kb and infect the efatlagld mucous membranes of
humans®** The genome of papillomavirus (Figure 12) is divided ititcee major segments;
early, late and genomic regions (long control regiowl tiie three regions are separated by two
polyadenylation (pA) sites: early pA (AE) and late pA (Altesi The early (E) region encodes
six common open reading frames (ORF) with E1, E2, E4EB5and E7 and forms more than a
half of the HPV genome. The early nonstructural viral laguy proteins function at different
stages, in such both E1 and E2 is involved in viral DNA repdinaand the regulation of early
transcription, E4 is expressed in a productive infectionciest®s with cytokeratin filament
collapse, E5, E6 and E7 are involved in are viral oncogprgserties and they induces cell
immortalization in cell transformation. The late (€gion, downstream of the early region, (L)
with occupies 40% of the genome and encodes the structurainsrotf the virion, L1 and L2

ORFs for translation of a major (L1:55 kDa in size; 80%otdl viral protein)) and a minor (L2
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70kDa) capsid protein.he long control region forms the rest of the genome (I%e HPV
genome), a segment of about 850 bp, has no protein-codingdio, but containsis elements
that are necessary for the replication and transonpf viral DNA. Both E3 (does not code for
a protein), E8 (expressed in Bovine Papillomavirus) locateadily gene region, L3, and L4 are

encoded by only a few papillomavirus tyges?’.

Figure 12 General HPV structure and viral protein function
HPV encodes nine viral proteins, seven early protéiis E2, E4, E5A, E5B, E6, E7) and two late proteins (L1,
L2), performing various viral functions, including viral DN#eplication, gene expression regulation, particle
assembly and release, and membrane signaling (Adipted®®)

[1.5.2 Classification of HPV

To date, more than one hundred HPV types have been desarteclassified based on shared
sequence homology within the L1 capsid géfieA new HPV type is defined as a genome when
the L1 gene sequence is at least 10% different or morequesce with respect to previously
established strains, subtypes differ by between 2% and Ifi¥%4hase with less than 2% in the
L1 sequence characterize a new variant variants difféedsythan 296'°. It was agreed to use a
numbering system to identify a type based on the ordéreaf discovery. The number is given
after the whole genome has been deposited at the referemes and following verification that

it can be cloned and re-sequené€d

HPVs have been divided into five (Figure) Ihylogenetically genera (calledpergroups, main
branches or major branches), alphaeta-, gamma-, mu-, and nu, they share less than 60%
nucleotide sequence identity with the L1 QRipecies (called groups, subgroups, or minor

branches) have a similarity encompass between 60% and 7p&&, tyust have an identity
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between 70% and 89%%%'2 Phylogenetic grouping has been reported to predict the natural
history and carcinogenicity of HPV genotypes within the ¢t

The HPV types involved in cervical cancer (CC) is caused fogstpf HPV that belong to a few
phylogenetically alpha group 5, 6, 7, 9 and 11, which contains apgpately 30 HPV types, in
which HPV 16 and 18 represent the two most common types that t@usef CC worldwide.
They belong to alpha 9 and Alph&*?.

The alpha group HPV types are further subdivided kfHPV and low-risk (LR) HPV types
according to their oncogenic potential. HPV types dominated by HPV 16 and 18, causing
CC and other anogenital cancer as well as oropharyngealrgutheir close relatives consisting
of HPV 16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, anlOLRHPV types
include HPV 6, 11, 40, 42, 43, 44 and 54 with HPV 6 and 11 types causing &néstof

genital wart$>#".

HPV types differ according to their tissue affinity and pg#nicity. Therefore, they can also be

classified into subtypes which infect stratified squamoustmosel epithelig*®*°

Figure 13 Five genera of HPV types
The HPVes types found in humans fall into five genera, thighAlpha and the Beta/Gamma genera representing the
largest groups. HPVes types from the Alpha genus are oftessified as low-risk cutaneous (gray), low-risk

mucosal (orange), or high-risk (pink). The hight VN WIASHV LGHQWLILHG XVLQJ UHG WH[W
FDUFLQRJHQV™ RQ WKH EDVLV Rimdh#h GighRILR/OIRW\EBI®G CDWDSURHBDEB®H’

carcinogens. The evolutionary tree is based on alignof¢he E1, E2, L1, and L2 genes (Adapted fféf
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11.5.3 HPV life cycle and carcinogenesis

The HPV life cycle begins with infection of stem cells (ffedentiated cells) in the basal layer
of the epithelium of the cervix. It is accepted that vimfects primitive basal keratinocytes,
probably wound keratinocytes, which gain the stem cell phenaolypeg the wounding process
Following cell division, infected daughter cells leave theabdayer, migrate towards the
suprabasal regions and begin to differentf&t&?>. The progression of the life cycle of HPV
depends on several different factors, such as: diffietent program of the host cells, type of
HPV, or host immune systeff{"#%°.

The oncogenic mechanisms used by HPV to ind0€ehave been be used as a model for
investigating HPV associaté8iC. The biological activity of HPV irBC is almost identical to

that of HPV in CC. However the much higher viral load @C is an important difference
194,227,228

Cervical infection withHR-HPV typically lasts from 12 to 18 months and in most cases
cleared as a result of a cell-mediated immune resp@amk,do not persist long enough for
deregulated gene expression and the accumulation ofds@gogenetic alterations to occur
221229 However, when the immune responses are deregulated &and &iminate the virus,

infections in persistent and long-term infection timaty progress to precancerous lesiofig*

The products of the early genes (E1, E2, E3, E4, ESatbE7), facilitate genome propagation,
and the products of the late genes (L1 and L2) are invoiveldPV virions packaging?®2*2

Early in transformation (before integration) E5 and E€ugit cytokeratin causing perinuclear
cytoplasmic clearing and nuclear enlargement, which leatlse appearance of a koilocyt&.
The integration of viral DNA into the host cell genodisrupt the expression of the early genes
E1 or E2 leading to the deregulation of negative feedbadkatai the viral promoter of the E6
and E7 genes by the E2 proteins. This result in high-leyekegion of E6 and E7 that are two
critical molecules involved in viral replication and thejonanediators of carcinogenesis in the
HR-HPV types®.

E6 and E7 inactivate respectively the tumor suppressors pS&t@mablastoma proteins (pRB)

leading to anti-apoptosis, genetic instability contributiiog carcinogenesis. pRB regulates
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apoptosis during development by binding E2F-family transcriptastors and repress the
expressions of replication enzyme genes which coreetatéhe tumor suppression function of
Rb. Its loss results in deregulation of growth and apopfdsf>”. E6 protein induces ubiquitin-
mediated degradation of p53, resulting in disabling of the roceddular response to many
insults, including the DNA damage response. E7 disrupts téeaation between Rb and E2F by
tightly binding to pRB and releases the E2F protein (inr ttranscriptionally active forms)
thereby driving quiescent, infected cells back into a pralifee state in order to enable viral
genome replication (Figure 1%}#%®

Figure 14 Signaling pathways oHR-HPV oncogenes
HR-HPVs encodes two known viral oncogenes, E6 and E7. E6 protetivates tumor suppressor p53 mediated
DNA damage and apoptosis pathway, while E7 protein indesviumor suppressor pRb mediated cell cycle
regulation pathway (Adapted frofff)

E6 and E7 are also accepted to activate the expressite ahtalytic subunit of telomerase,
telomerase reverse transcriptase (hTERT), in ordendmtain telomeres through telomerase
activation, and thereby contributing to immortalizati**® The immortalization of normal
human mammary epithelial cells (HMECS) in vitro by HPV genestbE7 is compatible with a
role for HPV inBC ?**?*2 The E6 ancE7 proteins of theLR-HPV types have a substantially

lower transforming activity and do not induce genomic instabfity

Late events in the HPV life cycle include E4 expressionwthe virus particles assembled and
facilitate the release and/or transmission of viral plegi The E4 proteins are expressed before
L2 and L1, with their structure and function being moditigtboth kinases and proteasés®*

L1 and L2 are specifically expressed in the granular lafyreoepithelium of infected, stratified
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epithelia and are regulated at least partly at post-tigtistal levels The L1 and L2 proteins
are involved in viral genome encapsidation into viratipies that egress from the upper layers

of the differentiated infected tissG&24®

L1 contributes to the regulation of E2 in the virus lifeleyand facilitates the genome packaging
by binding to histone*’. L2 facilitates encapsidation of the viral genomeraifee interaction
with E2, protects the DNA from intracellular degradatiod gaoides the DNA to the nucleus of
the infected cell for nuclear translocation, thus eistailg the infection. L2 protein has been
also reported to participate in virus entry into hosscéé&ft?*°

Virus maturation eventually takes place on the surfager lavhere dying keratinocytes undergo
a change lose their mitochondrial oxidative phosphorylatapability, and convert from a
decreasing to an oxidizing environment before virus releabés fesults in progressive
accumulation of disulfide bonds forms between the Ldtgas, which stabilizes the capsid
structure and leads to the production of stable infectioigngit>°.

CC is the most common HPV-associated cancer among wolindias been suggested that
women with HPV-associatedC can later develop HPV-associat®€ >*°. The evidence of the
role of oncogenic HPV in the pathogenesisBff is still under discussion. The life cycle,
oncogenic features and molecular based evidence of HR-HP\ecsuggestive of a causal role
for BC %2

HR-HPVs have been found iBCs in 30 studies conducted in 17 countries and 4 continents
251252 The HPV infection as a risk factor BC has been suggested in a meta-analysis from 22
case-control studies, the risk BC due to HPV infection was 4.02-fold higher. Even when the
results were analyzed by categorizing into four regions-gdat Asia, middle-east Asia,
America, and Europe & Oceania), two types of DNA specimesitffrozen tissue and paraffin-
embedded tissue) and two publication periods, the risB@fdue to HPV was statistically

significant®®?

The controversy surrounding the role of HPVBER may be because of the difficult to detect
HPV DNA in BC specimens due to very low levels of HPV DNA sequenceBUnand the
lowered integrity of the DNA in fixed samples which magoahccount for the lack of detection

of HPV in several studie€®. It is also likely that the variations in prevalendeH®V associated
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BCs may be due to the study design and in the sensitivity ancifispg of the detection
methods, polymerase chain reaction (PCR) being the msest which are subject to both false
positive and negative outcomes mainly because of probieibhs contamination. While not
conclusive, the expression of its oncoprotein E6 in breasbrs suggest that HPV is may be
associated and considered as a causal r&€ih*2>

[1.6 BC clinical management

Currently, breast examination, mammography and ultrasawnthe standard screening methods
for BC %, Management and treatment BE requires a multidisciplinary approach, including
surgery, radiation therapy and systemic therapy. Téatrirent options depend on the stage,
tumor grade, histological type, expression of hormoneptecs (oestrogen and progesterone)

and expression of human epidermal growth factor rece{tdER2) 2>°2>’,

[1.6.1 BC stage

Tumor size, lymph node status and the presence of disktiaistasis are important prognostic
factors. The TNM system that is promulgated by the Agaer Joint Committee on Cancer
(AJCC) and the International Union Against Cancer (UIC&pprises tumor size of the primary

tumor (T), lymph node status (N), and the presence onedss distant metastasis (¥Pf2%.
Tumor size

Tumor size is an essential prognostic factord@rmortality irrespective of other tumor features.
The T stages are numberetVl;: which describe the size of the. Tumors with a smzdl are

associated with a better prognosis. In stage 1, T meassgstHan 2 centimetres (cm) in
diameter, in stage Il, T = 2-5 cm in size, in stageTll¥5 cm in diameter, whereas stage 1V

involves a tumor of any size with extension to the skiohmst walf®#%,
The lymph node involvement

The lymph node involvement and the number of affected nigleébe second important
independent prognostic factor that is associated poor pregida N stages are numbered from
0-3, describes the degree of lymph node involvement. Whenlythph nodes cannot be

assessed, the result is reported as NX; when there negimanal lymph node involvement, the
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result is NO; if there is involvement of the ipsilatdyahph node, it is N1; if the lymph nodes are
fixed to each other or to other structures, N2; when thengadvement of the ipsilateral internal

mammary lymph node(s), it is reported as®RfF*
Metastasis

Metastasis is the spread of the malignant tumor to dihations; it is the third prognostic factor
of clinical importance iIrBC. BC patients with distant metastasis have an overall surgiva

years. In cases where metastases cannot be assessedulhis reported as MX. The M stages
are MO that describes no sign of cancer spread whereas $¢tibds that tumor cells have

spread to another part of the b8

Stagesland, DUH XVXDOO\ UHIHUWBE® QR \DNWNDHDU Q) DY G J W’

BC. The TNM staging is related to the clinical prognosis; pésievith early stage tumors have a

better prognosis compared to patients with stage Il artdmrs®®’,

I1.6.2 Histological grade

One of the powerful prognostic factors widely used is théologic grading systenof the
Nottingham modification of the Bloom-Richardson systefiistologic grade system reflects
three morphological features indicating the degree fédrdntiation of the tumors cells towards
normal breast ducts and lobules, nuclear pleomorphisimatiay the cytomorphology of the
tumors cells and mitotic figures which is a measure of malifon of tumor cell$®®2%° Each of
these features is scored from 1 to 3 and the total of Hueses defines the grade; Grade | tumors
(score 3 to 5), are well differentiated and associated avijpod prognosis, Grade Il tumors
(score 6 to 7) are moderately differentiated and Gradeumhots (score 8 to 9) are poorly-
differentiated and associate with poor prognosis. Tumadegrhas been shown to have
independent prognostic significance. Patients with gradeuitiors have poor prognosis than

those with grade | tumorg®2702"1
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11.6.3 Prognostic and predictive tumor markers
Estrogen receptor

The Estrogen receptor (ER) is a member of a large superfafilyclear receptors that act as
ligand-activated transcription factof¥. ERV DUH DFWLYDWHG EstratislHEXX RUPR Q'
EXW QRW fEstradilisomef’%"

The ER has different isoforms, two are the most importagferred aER. D @B and are
encoded by two separate genes, ESR1 on chromosome 6 (6q2bE13Ra on chromosome 14
(14q) 275,276.

(5. DQG aré expressed in various tissue types, however, thersoare differences in their
expression patternkR is essential for growth and development of the mammknyds and has

been associated with the promotion and growtB6f ,Q QRUPDO PDPPDU\ WLVVXH
most widely expressed E®"2?"® In around 70% oBC cases ERs are over-expressed, and are
referred to as "ER-positive" tumors. Fixation of estrogerER promotes the proliferation of

mammary cells, with the resulting increase of mutatae leading to tumor formatich’.

KLOH (5. LV DVVRFLDWHG ZLW K(5E UIH\ND \F\R QRVHWDROY FBUW\RLDLOH B'D
proliferation and prevent8C development via G2 cell cycle arredP?%? However, recent
studies have suggestev KD W could be an indicator of poor prognosis based or cel

proliferation?%%%3

Patients with high levels of ER are treated with endectherapy. Endocrine therapy f8IC
involves SelectiviER modulators called SERMs, which act as ER antagonidisesst tissue or
aromatase inhibitors which work by inhibiting the action lbé tenzyme aromatase which
converts androgens into estrogens. SERMs, such asxifamaand raloxifene, aromatase
inhibitors, and GnRH agonists are the drugs of chdte>

Progesterone Receptor

The progesterone receptor (PR) also called as NR3C3 énuelgeptor subfamily 3, group C) is
a member of the nuclear receptor superfamily that binds progestd’rogesterone is an ovarian

steroid hormone that plays a role in the developmedtfanction of the mammary gland, the
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uterus and the ovary. PR is encoded by a single gene, R@Rweich lies on chromosome 11
(11922)?°?%7 This gene has two main isofornf®RA and PR-B of different molecular weight
(A: 94kDa and B: 114kDaranscribed from separate estrogen-inducible promotets:tGtally,

PR-B differs from PR-A only in that the -B receptor contaan additional stretch of 164 amino

acids at the N terminus of the protein which are abseft’f®£%*

In the female reproductive tract, PR is expressed and pé&sgential functions in
folliculogenesis, ovulation, implantation and the manance of pregnanéy***® All steroid
receptors are phosphoproteins and several, including ll#Reme hyperphosphorylated upon
binding of the steroid ligand. PR phosphorylation is comptecurring in different cellular
compartments and perhaps requiring multiple serine kirfd$é%, Following the progesterone
binding to the receptorthe receptors undergoe restructuring, dimerization, and thgples
enters the nucleus and binds to DNA. There, transcripgik@stplace, resulting in formation of
messenger RNA that is translated by ribosomes to proghecifis proteins>®2%’

ER-positive breast tumors are usually also PR positivk ElR-negativeBCs are usuallyER-
negative and PR- negative, Therefore, single HR+ GER+/PR or ER-/PR+) tumors represent a
minority of BCs °® Breast tumors cells that contain have receptors for fimtimones (estrogen
and progesterone) or receptors for one of the two hamoare called hormone-receptor
positive. Co-regulators of PR either enhance or suppresschiption activity and thereby

modulate the function of the P25,

Mutation or aberrant expression of the co-regulatoectffthe normal function of the PR and

may affect the normal development of the mammamdylthereby leading tBC 30433
HER2/neu

HER2/neu (also known as ErbB-2, ERBB2) stands for "Human Hpaegrowth factor
Receptor 2" and HER2 is one of four members of the humalerepal growth factor receptor
family 3°**% The HER-2/neu gene encodes a 185-kDa transmembrane reyepsire kinase
with homology to members of the EGF receptor family. They transmembrane receptors

involved in signal transduction pathways that regulategceivth and proliferatiori®® =%,
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The HER2 gene is a proto-oncogene located at the long acmraiosome 17 (17q11.2-q12)
309310 Normal cells contain one copy of the HER2 gene @h earomosome, whereBE cells
may have up to 25-50 copiesmplification of the HER2/neu gene is observed in approximately
20-30% ofBCs or over-expression of its protein prodeict®*? Over-expression of this receptor
in BC is associated with increased disease recurrence ardadverse prognostic factor. The
poor prognosis may be due to global genomic instability as edgth high frequencies of
chromosomal alterations have been associated witheased cellular proliferation and
aggressive behavior. HER2 protein overexpression is assodiatiedincreased tumor cell
proliferation, protection against apoptosis, and inva3iofr>.

Clinically, HER2/neu predicts response to the monoclonabaaty trastuzumab (Herceptin).
The effectiveness of trastuzumab therapy in only obderv8Cs where the HER2/neu receptor

is over-expressett®3’
Triple-negative breast cancer

Triple-negative breast cancers (TNBC) are breast tsmdiere the expression BR, PR and
HER2 are absenfTNBC account for 1220% of all BCs; they have been associated with the

poor prognosis and with a higher incidence in younger ageakfrilescent patients3°
11.6.4 Classification of BC
Morphological classification

The subtyping of tumors of the breast is based orcksification system proposed by the
World Health Organization (WHO) in 2012. The terminology ltd tmost common type &C
has been changed from invasive ductal carcinoma, not othespaséfied (NOS) to invasive
carcinoma of no special type (NST). This group represeontsrdiag to WHO 50-80% of cases
in population based serié&’. Rare morphological variants of invasive carcinoma NST exist
carcinoma with melanotic featuresarcinoma with choriocarcinomatous features, carcanom

with osteoclast-like stromal giant cells, and pleophic carcinoma?°=2*

The second most common formBE is invasive lobular carcinoma representing 5-15% of all
BCs 3%°32 |t is characterized by tumor cells individually distriéditor arranged in single files

embedded in fibrous tissu&o discriminate between lobular and ductal carcinomaslothdar
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carcinoma lacks E-cadherin expression, correspondirfgetodn-cohesive morphology, whereas

the ductal carcinoma has E-cadherin expression corrésgpmo the cohesive arrangement
327,328

%HVLGHV LQYDVLYH %& puRI QR V S FAIDUF 8AQERAAPetiaDtBGmarQ Y DV L )
types and subtypes have been considered; these includarfubnuicinous, and cribriform
carcinomas, metaplastic, adenoid cystic, and papillascimomas, and carcinomas with

medullary or neuroendocrine featurés
Molecular classification

During the last decade a molecular classification systEBC has been developed based on
high saroughput technologies of gene expressibaur intrinsic subtypes oBC have been
established: luminal A, Luminal B, HER2-enriched, basal-l&aj a normal breast-like group
that show significant differences with basa-like in inoicks survival and response to therapy
329832 A newBC intrinsic subtype, known as Claudisw, has been identified and reportedly to

be associated with poor survivgf33*

These intrinsic subtypes have been reproduced across idéepeene expression data sets, and

they have heterogeneous features in behavior and proghdsig®

Luminal subclasses are the most common subtyp&Coih the clinically hormone receptor-
positive populatiori*’. The luminal tumors are characterized by expression ofERRpositive)
and high expression of luminal cytokeratins (CK7, CK8, CK18, @K19). While luminal A
tumors are low-grade, express high levels of ER relatedsgand low levels of proliferation
related genes, PR-positive and HER2-negative, luminal Braua@ higher grade, PR-positive
or PR-negative, and either HER2-positive or HER2-negdtistewith a high CCNB1, MKI67,
and MYBL2 genes Luminal-B tumors comprise 15%-20% of a@iCs and have higher
recurrence rate and lower survival rates. Patients lwitinal A tumors represents 50%-60% of

all BCs and they have better survival rates compared with gtheps33!:33¢:33841

Tumors in the ER-negative group: basal-like, the HER2-pes@nriched and normal breast-
like, are more varied than those in the ER-positive. dife basal-like and HER2-enriched

subtypes are hormone receptor negative and have poor proghusidasal-like subgroup is
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characterized by expression of the higblecular-weight cytokeratins (CK&K6, CK14, CK15
and CK17) together with EGFR, c-KIT, FOXC1, frequent TP53 mutatiamsl a high
proliferation index. It lacks expression HER2 related genes. b&sal-like tumors are mostly

grade 3 and show aggressive clinical behavior. They repr@%eta 37% of alBCs 3%5%°

HER2-enriched group is defined by high expression of HER2 aatedegjenes. They accounts
for 15-20% ofBC subtypes. As with the basal-like group, there are plalSubtypes within the
HER2 gene expression group, and these are associated ffatkrdi outcomes. Nearly half of

HER2-positiveBCs are positive for ER but they generally express Idievels®*°5%,

The normal-like subtype is characterized by expressiogenés associated with adipose tissue
and presenting an intermediate prognosis betweemal andbasal-likecancersThese tumors
account for about 5%-10% of all breast carcinomas.dtdentroversial group and is thought by
some authors to represent normal cell contaminatiosamples rather than a real intrinsic
subtype. As they lack the expression of ER, PR and HHRR2e tumors can also be classified
astriple-negativebut they are not considered to lisal-likecancers as they are negative for
CK5 and EGFR®%**!

Il.7 Diagnosis

Early detection oBC is one of the most important prognostic factors. Jtage at diagnosis is
an important predictor of treatment options @81 survival. Studies have reported a survival
advantage (disease free and overall survival) in earyegtlaand 1) over late stage (Il and IlI)
BC patients. Identifying the factors that predict late sidiggnosis is crucial to the development

of strategies to stage migraB€ downwards in Africa region®’ 2

Diagnosis is made following screening or through the itleation of a palpable lump in the
breast. Detection of an abnormality in the breastndttiggers further diagnostic investigations
to confirm a diagnosis of cancer depending on patientactenistics and disease presentation
353354 Diagnostic techniques often include mammography, ultrasouagnetic resonance

imaging (MRI), and biops§?3°>3°
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[1.7.1 Mammography

Mammography is the most frequently used technique to detedt boeaors in an early stage. It
is commonly called as the gold standard methodBfordiagnosis. During a mammography, a
patient's breass placed on a flat support plate in order to spread thestbtisgue, X-rays are
then and which pass through the breast to a detectoetboatthe opposite side. The detector
can be either a photographic film sheet, which captures-tag xnage on film, or a solid-state
detector, which transmits electronic signals to a compaté@rm a digital imageThis image is

interpreted by radiologists who look for any breast abnormality that may canser’>’=>°.

I1.7.2 Breast Magnetic Resonance Imaging

Instead of using X-rays, the MRI uses radio waves andnetag to produce detailed cross-
sectional images of tissue structures, providing very gotidissue contrast. A typical breast
MRI procedure requires the use of contrast of injeatioam contrast agent into the blood veins of
the arm of the patient under screening. The use of MRB@detection is based on the concept

of tumor angiogenesis or neo-vascularity helping to @jsishBCs from benign lesion¥°3¢*
11.7.3 Ultrasound

Ultrasound also known as sonography uses sound waves fangmagposes. A gel is put on

the skin of the breast and an instrument called a transgus®ved across the skin to show the
underlying tissue structure. The transducer emits sound wavgsicksdup the echoes as they
bounce off body tissues. The echoes are converted mtonage on a computer screen.

Ultrasound is a non-invasive diagnostic procedure, pairdadsdoes not expose to radiation
362,363

Diagnostic imaging procedures can rule out some falsenmsiases and save patients from
invasive diagnostic investigations. When the suspicion aferais raised, further biopsy is often

performed to ascertain the nature of the breast abnoyridir®>
I1.7.4 Biopsy

Biopsy is the only definitive way for diagnosir8C. Depending on the clinical features of
GLVHDVH SK\VLFLDQYV LQWHUSIAHWPWILRQ RIHWBWXOGIWVRRV
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availability of resources, three different types of biopay be adopted: fine needle aspiration
biopsy, core needle biopsy and open surgical biopsy. linsrgly recommended in practice that

patients should have a tissue biopsy before an open sif§ery

Fine-needle aspiration biopsy (FNAB) of the breast iminimally invasive diagnostic method
performed by using a thin, hollow needle to obtain alssample of the breast cellular tissue
from the area of concern. Accuracy relies on the eiggeand experience of both pathologists
and clinicians who obtain the tissé@>®" Core needle biopsy (CNB) is similar to FNAB but
uses a wider needle to remove larger and multiple sangdlehe tissue. CNB is generally
considered more accurate than FN&B

Surgical biopsy has been considered the criterion for degmBC, and is generally used for an
abnormality that is not accessible by a needle biopsyin&isional biopsy removes a small
proportion of lesion while an excisional biopsy removesedhtire lesion along with surrounding
tissues. Based on biopsy results, a final pathologgndisis ofBC is made according to the
WHO classification and the tumor-node-metastasis (TNEJsification systerfr*3637°

I1.8 Therapy

To determine the optimal treatment €, some prognostic and predictive factors including
stage at diagnosis and status of hormonal receptors alR@ Hite considered. Additional factors
such as age, family history 8C, general condition of the patient, tumor focality, diistyy and
tumor proliferation rate must also be considet€d’> The development of therapeutic agents
that target molecular mechanisms BC have provided the basis for new targeted drug
development that improves current therapeutic strategiesThe following paragraphs will

discuss briefly the therapeutic approaches.

Depending on when the treatment is administered it caolassified as eitheneoadjuvant
when it is administered before surgeryagljuvantwhen it is given following surgery. Palliative
treatment is administered to improve best possible qudlitijecfor patients and their families
usually stage IV. Patients most likely to benefit fromatjovant therapy are those with large
tumors or with inflammatory tumof8”3"**"® The purpose of adjuvant systemic treatment is to

prevent the recurrence BE by eradicating distant micrometastatic depd$its
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[1.8.1 Surgery

If BC has been diagnosed, surgery is the most common treéaiseshinBC and often the first
line of treatment to be applied if no distant metastasedetected®®. Over the last decadede
surgical options have evolved rapidly towards less invasikgesy procedures, with first breast-
conserving surgery (also known as lumpectomy or partial ctasty) and then local
radiotherapy replacing radical mastectomy for someeptidiagnosed with early-stagB€
377378 gyrvival outcomes and the risk 8C recurrence is similar between mastectomy and
conservative surgery followed by radiation therdpy Similarly, sentinel lymph node dissection
avoids many axillary lymph node dissection®i@ patients with no involved nodé¥’.

11.8.2 Radiotherapy

Although women undergoing radical surgery or no surgery canmedsive the radiotherapy, it is
indicated for women who undergone breast-conservative sy@fegr mastectomy if the tumor
is larger than 4 cm, and in case of four or more pesithetastatic axillary lymph nodes or

incomplete axillary dissectiofi*>%2

Radiotherapy consists in the use of controlled dosekigif-energy radiation to efficiently
damage the DNA of tumor cells, manifested by single- and datitded breaks in the sugar-
phosphate backbone of the DNA molecule thus leading totasiep®>®* Whole breast
irradiation is part of the therapy for patients with isive BC after breast-conservative surgery

and reduces the local recurrence risk by half an@@éeath rate by about a sixth.
11.8.3 Chemotherapy

Chemotherapys a very common cancer treatment that involves theofisgtotoxic drugs by
targeting the proliferation potential and metastasiziniditya of cancerous cells and eliminating
micrometastatic tumor cells and circulating tumor celisspnt at time of diagnosi&’. As with
radiotherapy, chemotherapy has to be carefully plamesduse both treatments can damage
normal cells but have a greater impact on the cellsat@atapidly dividing because cells are
committed to apoptosis only after the damage is identified bgkgioints in the cell cycle, thus
causing important side effects. Many chemotherapeutic drugshesvedeveloped and consist

of combinations of two or more cytotoxic agefits=2°.
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Endocrine therapy

The hormonal receptors play important roles in the nuddecpathways that lead t8C
development and progression. Endocrine therapy blocksRheathways in order to control cell
cycle and tumor growth. This therapy is only high effexiiithe tumor expresses ER and/or PR.
Although endocrine treatment can be administered as jus@ad therapy, it is usually dosed

after surgery®%%

In advance®BC clinical data exist for two groups of agents of endextherapies: aromatase
inhibitors and tamoxifen, which is a SERM. By inhibitingp@matase enzyme activity, aromatase
inhibitors and inactivators interfere with the body'digbio produce estrogen from androgens
thus, successfully decrease the tumor ¥iZzeTamoxifen is indicated for the treatment of early
and advance8C andis used to prevent developmentBX among high risk women. Tamoxifen
works to block W K4brm of the ER of cancerous cells, which consequently leadingato
inhibition of tumor growth. Generally, tamoxifen is adisiared over 5 years as an effective
prevention oBC recurrence and deatfr-3°33%

Targeted therapy

The increasing knowledge in the understanding of the signaknsduction pathways BC has
identified molecular-targeted fareatment strategie®. Targeted therapy acts by blocking
essential biochemical pathways and by enhancing the imnystensto reduce the size of the
tumor. The Targeted therapy strategies help to minimize and mamagmon side effecty 3%
Most important specific-targeted drugs € treatment are monoclonal antibodies or tyrosine
kinase inhibitors. Trastuzumab is a monoclonal antibdagcted against the extracellular
domain of the HER2 protein. Although some HER2 overexpredsimprs present resistance,
the binding of trastuzumab to HER2 leads to disruption of Idimmerization and down-
regulation of its signaling pathway that lead to cell ghgvsurvival and cell differentiation
397.3% Trastuzumab was approved by the FDA in 1998 as a firstriméntent in combination
with paclitaxel for HER2 positive metastaBC. Many studies have reported that trastuzumab

has improved survival rates and has contributed to reducedfd&€smortality and recurrence
399
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A major clinical challenge iBC treatment is to develop specific drugs and treatmenegtest
for TNBC patients Although the cytotoxic chemotherapg associated with an improved
prognosis of TNBC patients, they do not benefit from leorah or trastuzumab-based therapies

Currently, many molecular targets are being evaluatedheastandard treatment approach to
TNBC 400,401
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I1.9 Objectives of the thesis

Currently, there are no exact data on genetic and emagotal studies on cancer in Rwanda.
However, the Rwandan government has started to develop analatiancer programme by

designing comprehensive, integrated frameworks of care, igildcal human resource capacity
through partnerships, and delivering equitable, rights-baaed Therefore, Rwanda is on track
to achieve all of the health-related Millennium Developm@8pgals, and is moving toward a

broader health agenda, including cancer care. It is iréksect, several initiatives centered on
prevention, diagnosis, treatment and palliative carewsemched by the Ministry of Health and

partners.

The general objective of this project on molecular epidegy of BC, the most common
malignancy in females diagnosed and treated, was to nieterthe molecular markers
(exogenous and genetic) which would be involved in the etjotddBC in Rwanda and could
enable to contributen prevention, early diagnosis and follow-up of the pasientorder to put
into practice the policy of the Ministry of health witegard tdBC in Rwandese population.

The specific objectives of this work were:

to determine the association and evaluate the implitatd CHEK2 mutations in
predisposing Rwandan womenB€

to evaluate the prevalence of the53 p.Pro72Arg polymorphism in Rwandese population
and to assess the effect of this polymorphism on theofiBC development in Rwanda

to assess the presence GPX1 p.Prol198Leu polymorphism in Rwandese population and
determine whether this polymorphism is associated with idle af developingBC in
Rwandan patients

to evaluate the association between HPV infection B@ddevelopment among Rwandese

population

56



[Il. CHEKZ2 germline mutations among BC patients in Rwandese population

Abstract

Worldwide, breast cancer is the most frequent neoplasm anddbedskeading cause of cancer death
among females. It dominates in both developed and developintyiesusind represents a major public
health problem. The etiology is multifactorial and involves exogeregents as well as endogenous
factors. Although they account for only a small fractiontef breast cancer burden, mutations in the
BRCA1 and BRCA2 genes are known to confer a high risk predisposiutations in moderate/low-
penetrance genes may also contribute to breast cancer risk. Petuitias have shown that mutations in
the CHEK2 gene are involved in breast cancer susceptibilityaliie impact on DNA repair processes
and replication checkpoints. This study was conducted to eeatbatfrequencies of three germline
mutations in CHEK2 gene (c.1100delC, p.R145W and p.I157T) in breagrsandkwanda. Using direct
DNA sequencing, we analyzed 41 breast cancer patients andrd2lrireast controls but could not
detect any positives. CHEK2 mutations may be a rare eventamém population and may only play a
minor if an role in breast cancer predisposition among i@naihd sporadic cases.

and BRCA2 are the most implicated genes in

[1l.1 Introduction : .
hereditary BC development. These 2 genes with

BC (BC) is the most prevalent and the secoidh penetrance susceptibility play an important
leading cause of cancer death among femal@¥€ in genetic predisposition to breast/ovarian
worldwide. It prevails in both developed andancer. Germline mutations BRCA1/2genes

developing countries and represents a redle known to be responsible of hereditary BC
public health probleni® In Rwanda, although susceptibility with the cumulative average risks
the BC is most diagnosed and treated with &hdeveloping BC by the age of 70 years of 60%

HVWLPDWHG UDWH RI °. Duripgrthe-izst deagoesy BREALEB putations
under characterizet were the main molecular markers used to

characterize the individual genetic risk factors

BC is a complex and heterogeneous diseagﬁd to establish the susceptibility to develop BC

associated with clinical, pathological and_ Currently, advances in genomic technology

biological factors including age, genderha\/e allowed the development of BC

ethnicity, reproductive and hormonal faCtor%usceptibility gene panels for germline genetic
past history of BC, exposure to Ion'Z'nglesting of patients, including53 PTEN ATM,
radiation, environmental and lifestyle factorgipagy BRIP1PALB2 and CHEK2 with low

and, family history and genetic factoBRCAL and moderate penetrantce
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Cell cycle checkpoint kinase 2 ger@HEK2or CHEK2 mutations were screened on a cohort of
CHK?2) has been identified to be involved in BG1 Rwandan BC patients recruited in 2016 at
susceptibility among familial BC cases due tBwanda Military Hospital and King Faisal
its implication in DNA repair processes andHospital, both located at Kigali - Rwanda and
replication checkpoints®®. Three germline 42 normal cases under 45 years old (Table 1).
mutations iInCHEK2 gene have been widelyBC cases have been chosen according to the
studied:c.1100delC, p.R145W and p.I1157T andollowing criteria: age at diagnosis < 45 years
are widely accepted to be associated with BfGér sporadic cases; one or more first degree
1011 The ¢.1100delC mutation is the mostelatives with BC and/or other cancer for
studied and is associated with defective reductmilial cases. From each BC case, clinical and
protein CHEK2 which lacks kinase activily, pathological data were collected: in patients
the missense mutations p.R145W and p.1157@roup, 40 were females and 1 male while in
with a less penetrance thar.1100delC controls 39 were females and 3 males; the mean
mutation =3, lead to unstable mutant proteinsge of participants wa40 (26-60) and 25 (18-
and to the deleterious binding of CHEKZ3) for patients and controls respectively; 13
protein to p53, BRCA1 and Cdc25A%°. patients showed a family history (Table 2), 35

patients have been diagnosed with an invasive

This preliminary study was planned to evaluat . . . .
P y y P (?uctal carcinoma , for 6 patients the histological

the frequencies of the three CHEK2 mutations
g subtype was unspecified; 25 had the right breast

c.1100delC, p.R145W and p.I1157T) in a case-
( P P ) affected, 15 had the left affected breast and 1

control study of 41 BC patients and 42 normal . . -
patient the tumor side was not specified. Fresh

breast controls to evaluate the implication of . ,
5 ml of peripheral blood were collected into

these mutations in predisposing Rwandan
P P g EDTA tube and were stored at -20°C before

women to BC. ) , ,
DNA isolation. The protocol of this study was
l1l.2 Material and Methods approved by the Rwanda National Ethics
Committee (197/RNEC/2015) and informed

Study population consent was obtained from each participant.
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Table 1 CHEK2-Characteristics of the population
Patients (n=41) Controls (n=42)

Age 40 (26-60) 25 (18-33)
Sex
Females 40 39

Males 1 3
Cancer family history 13
Side

Right 25

Left 15
Unknown 1

Histological subtypes
Invasive ductal carcinoma 35

Unknown 6

was screened for.1100delC p.R145W and

CHEK2 DNA amplification . : :
P p.1157T mutations. Mutations detection was

Genomic DNA was isolated from peripherafioné by PCR amplification and direct DNA
blood samples by using a commercial k#equencing as previously describe Two
(Isolate Il Genomic DNA Kit, BIOLINE) regions ofCHEK2 exon 10 were amplified for
DFFRUGLQJ WR PDQXIDFW X UNHigns detgalien using ppeaitieRCR primers

DPSOLILFDWLRQ RU VWRUH & DAR145V¥ gand oRi58T xHIRtion®).c

Table 2 Sequences of primers used for CHEK2 DNA amplification

PCR product

Mutation(s) Primer 6HTXHQHAH 1 .
size
H4 TTAATTTAAGCAAAATTAAATGTC
¢.1100delC 556 bp
A5 GGCATGGTGGTGTGCATC
B5 AAAGGTTCCATTGCCACTGT
p.I1157T and p.R145W 409 bp

D11 TTGCCTTCTTAGGCTATTTTCC
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'l$ ZDV DPSOLILHG LQ D ILGdymenyed etk fordard an@® reverse strands
containing 1.5 mM MgGl 0 RI HénFah ABI 3130XL DNA analyzer (Applied
dNTP, 50 pmol of each primer, 0.5 units Tagiosystems, Foster city, CA, USA), using Big
DNA polymerase and 50 ng genomic DNA iDye® Terminator v3.1 Cycle Sequencing Kit
1x reaction buffer. that includes dideoxynucleotides labelled with

four fluorochromes of different colours

The mixture was first denatured at 95°C for 7 _ _ _
(Applied Biosystems, Foster city, CA, USA).

min. Then, thirty-five cycles of PCR were :
The obtained chromatograms were manually

performed with denaturation at 95°C for 30 s, .
edited to ensure sequence accuracy and were

rimer annealing for 30 s at corresponding Tm ) .
P g P g compared with the wild type reference sequeen

and primer extension for 1 min at 72°C. At the . .
of CHEK2 gene available in Genatlas database.

end of the last cycle, the mixture was incubated
at 72°C for 7 min. For every set of reactions, If.3 Results and Discussion

negative control in which DNA template was

. . . . Among the BC cases, 31.7% had a cancer
omitted from the amplification mixture is

family history (13/41). In this cohort, famil
included. Amplicons were visualized after y y( ) y

. . . history with BC prevails and was reported in 11
electrophoretic fractionation in 1 % agarose ge

cases, with first and second degree famil
in 0.5 X TBE buffer and staining with ethidium g y

bromide. history. The other 2 cases showed a family

history with CC and liver cancer. All cases with
CHEK2 DNA sequencing cancer family history were female and mainly
diagnosed at young age (Table 3) due to the

Amplicons were purified using the ExoSaP-IT
P P g inclusion criteria of this study.

clean up system (USB, USA) and were
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Table 3 Characteristics of the population with cancer family history

BCcases Sex Age Age at T diagnosis Affected family members Type of cancer

1 F 48 48 Mother BC
2 F 42 41 Sister BC
3 F 51 49 Maternal cousin BC
4 F 58 58 Sister BC
5 F 26 25 Maternal aunt BC
6 F 34 34 Sister BC
" = o8 o8 One paternal aunt and on BC
maternal aunt
8 F 37 37 Sister and maternal aunt BC
9 F 45 45 Mother BC
10 F 38 37 Two maternal aunts BC
11 F 53 51 Paternal aunt BC
12 F 30 29 Maternal aunt CcC
13 F 60 59 Mother Liver cancer

These results are in agreement with previouslyonsidered as high-penetrance genes. Currently,
reported data worldwide. Indeed, it isLWYV ZLGHO\ DFFHSWHG WKDW D
estimated that 10%80% of BC cases are are eligible of testing and a well-known
associated with familial factors, but only 5% association with BC development is well

10% of BC cases are identified to belocumented. These BC predisposition genes,
inheritable™®#2 including ATM, BARD1, BRIP1, CDH1, TP53

NBN, PALB2 PTEN STK1land CHEKZ2 are

The prevalence of cases with BC family, with .
considered as moderate/low-penetrance

respect to limited number of cases, is higher as , .
P g according to the BC risks they presefht

compared to other Sub-Saharan African
+RZHYHU WKHUHTV HYLGHQFH
countries®*#%. This could be explained by the

classification is evolutive and dynamic, and can

few number of genetic studies conducted in .
changes from moderate to high-penetrance

Sub-Saharan countries and the limited datar1 . L -
character especially when studied in a specific

available on the familial and hereditary history . o7
population®’.
of BC cases in this regidn.

The last decades have given specifically a

Genetic predisposition to develop BC is Widegl;)?eat interest was given specifically to the

studied and discussed, and mainly focused on . .
association betweelCHEK2 gene and BC

the analysis o0 BRCAlandBRCAZ2genes only, )
development and mutational status of CHEK?2
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was assessed in many populations around tBeth cancer cases and controls were
world *3. In African countries, and to the bestsuccessfully amplified and sequenced. Figure
of our knowledge, mutational status@AEK2 15 illustrates examples of obtained
gene in BC was evaluated only in Morocceelectropherograms. Results clearly showed
1128 Tunisia®® and South Afric@®. There are that ¢.1100delG p.R145W and p.1157T
no related studies in Rwanda or any othegermline mutations are absent in both BC
country in Sub-Saharan Africa. Therefore, weases, with and without family history, and in
have planned to conduct this casentrol controls. Our results are in agreement with
study to assess the mutational status @ireviously reported data in many countries,
CHEK2 in Rwandese population and thencluding Morocco % and Tunisia .
interest was focused on thr€&EK2 variants

that are known to affect protein function

(c.1100delC, p.R145W and p.1157T).
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Figure 15 The sequence results of CHEK2
Sequence of electropherogram showing the position (unddrlofehe screened mutations GHEK2 gene. DNA
sequences blasted in Genatlas database has shown dmeeab$ p.R145W mutation (CGG to TGHE)( the
absence of p.1157T (ATT to ACTRB] and the absence ofL100delC (deletion of C in GCTL].

Several previously published studies reported

WV ZLGHO\ DFFHSWHG WKDW WJ(I—* VSHFWUXP RI
an elevate requency of the CHEK2

mutations in theCHEK2 gene varies between ) i " ,
€.1100delC variant in specific populations. In

populations, and some of them exhibit high , )
USA, ¢.1100delC mutation was reported in

frequencies and may contribute to differences
d y 1.2% for cases and 0.4% of matcH&dSimilar

in cancer risk between populations and allow to .
s results were reported in UK and The
enetically stratifying the populati
g 4 fying Pop Netherlands; 1.3% and 2.5% for cases and
0.3% and 1.2% for controls, respectively
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€.1100delC truncating mutation was also founthe absence of correlation between the
in Europe and the highest frequency has beprR145W and p.I1157T CHEK2 variants and

found in patients from the North and the WedC risk. The same results were reported in

of Europe, as compared to the southerkfrican countries including Morocco*™?

countries exhibiting the lowest frequencieSunisia® and South Africd®.

32,33

(Italy and Spain) However, to our

. . In a multi-population study, Schutte et &
knowledge, this mutation was not reported in Pop y

. . . have found thap.l157T was absent in patients
Asia. Of particular interestc.1100delC was P P

, . . and controls from the United Kingdom and The
reported twice in South Africa and was

. . . . Nederland but present in 2 cases and 1 control
detected in white women coming certainly

. o from the United States of America, whereas
from Europe or North Americ¥. Our findings

, : _ .R145W mutations was absent in all
confirm and consolidate the hypothesis of th%

. specimens. However, p.1157T was identified in
c.1100delC frequency gradient from Northernp P

: . 22/996 cases (2.2%) vs. 3/486 controls (0.6%)
and Western populations to the Mediterranean

in the German population and in 24/424 cases

5.7%) vs. 4/307 controls (1.3%) in the
specification has been already described gn 2 ( )

§elorussian cohorts, suggesting an ethnically

and southern populations** This genetic

B
other known diseases, such as the delta F50

. . . , specification of these variant and the moderate
cystic fibrosis mutation, from European

. . . associated risk for developing BC.
populations to the Mediterranean populations

%, This potential gradient may be caused byhe 11 BC cases with familial history from
common founder mutation in North-Wests 7pQGD GRQfW KDUERU DOQ\
European and North American populatidiis  cHEK2 associated with BC development and

could be a good candidate for exploring genetic
In our study, CHEK2 p.I157T and p.R145W,

redisposition by analyzing BRCAl1 and
affecting respectively the kinase activity of thg P y yzing

, e dBRACZ mutations.
CHEK2 protein and its binding to BRCA an
p53, were also absent in Rwandan sampleSgnclusion
both cases and controls. These two missense

mutations were not detected in man;I,'he absence of CHEK2 variants in our cases

populations around the world. In USA’studyhighlightsthad:.llOOdeICp.R145Wand

Friedrichsen et al® have reported np.1157T p.1175T CHEK2 mutations are rare events

and p.R145W CHEK2 mutations, Suggestinauggesting a no correlation between these
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germline mutations and BC risk in Rwandamutations as BC susceptibility biomarker

for BC practical clinics and earlyshould not be recommended for routine use in

Survival and contralateral breast cancer in
&+ (. GHO& EUHDVW FDQFHU
impact of adjuvant chemotherapgr J

Thus,

diagnosis, the use of CHEK2 germlindRwanda.
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IV. Association of p53 codon 72 polymorphism with BC in Rwandese

population

Abstract

Background and Aims Common polymorphism in the tumor suppressor gé&3e gt codon 72 has been
suggested to play a role in the development of a numbemnoéia This polymorphism has been studied
LQ PDQ\ SRSXODWLRQVY ZRUOGZLGH D QG YW iR GlafRdld @dséseV L QJ U |
the association of p53 codon 72 polymorphism with breast cancer deeglbpn Rwandese population.
Methods In this study, the polymorphism was examined by allele-sped@iR Bnalysis in 40 patients
with breast cancer and 39 healthy contrBesults The heterozygous genotype Pro/Arg prevails in both
breast cancer patients and controls, and was present in 80% (aa@02.3% (36/39) of cases,
respectively. No statistically significant association was resebetween p53 codon 72 polymorphism
and breast cancer risk. Distribution of p53 genotypes was alwmed according to familial history,
tumor grade and clinical stage, and results clearly showed atististlly significant difference.
Conclusion These results suggest that p53 codon 72 polymorphism could not bedsseasmarker of
risk factor for predisposition to breast cancer in Rwandavéd¥er, further studies using larger sample
size are needed to provide more conclusive results and to investigatgenetic mutations affecting the

activity of p53.
V.1 Introduction

The global burden of BC has become amole in maintaining cellular integrity by the
increasing public health problem both ininhibition of cell growth and stimulation of
developed and developing countries. In subapoptosis in response to DNA damage. Its role
Saharan Africa,BC remains the prevailing in cancer development is widely studied and
malignancy diagnosed in femaléé Besides well documentedf. In human cancer, p53 is
the facts that African women are adopting nevirequenntly mutated and mutations are mainly
lifestyles and undergoing  significant missense leading to the expression of full-
demographic transitions, the higher incidencéength mutant p53 protein (mutp53)
rates of BC may also due to genetic risk
tactors which are still less studiad. The loss of p53 function is often associated
with a variety of human tumors includirgC.
The human tumor suppressor gemb3 Genetic mutations gb53 contribute to cancer

encodes a transcription factor playing a centralevelopment in different ways: (1) somatic
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mutations, widely considered as the maims thep53 mutations are potential prognostic
mechanism to inactivate p53 and promote celind predictive markers, as well as targets for
division; (2) germline LiFraumeni mutations therapy?>** we have planned to evaluate the
associated with predisposition of early-onsep53 codon 72 polymorphism in Rwandese
cancers including breast carcinomas; (3population and to assess the effect of this
germline p53 polymorphisms in coding andpolymorphism on the risk of BC development

noncoding region&®, in Rwanda.

A common SNP is known in the secondlV.2 Material and methods
position of the codon 72 at exon 4 (rs1042522

. L Study population
- CCC to CGQC), resulting in a substitution of y pop

proline (Pro) to arginine (Arg) in the proline- o total of 40 BC patients and 39 healthy
rich region®. Many studies have reported thatyomen were enrolled in this study. All BC
the codon 72 polymorphism is associated withgses were recruited in 2016 at Rwand
a risk for the development of canc8r. The  jlitary Hospital and King Faisal Hospital,
association of p53 polymorphism at codon 735th located at Kigali, Rwanda.
and BC development has been widely studiegtharacteristics of the BC patients and health
but results were controversial and no§ngividuals in the study are described in Table
conclusive. A number of studies have reported  From each BC case, clinical and
a significant association between the pS3jthological data (age, tumor localization,

codon 72 polymorphism and BC risK™® pistological subtype, tumor stage and grade)

whereas others have identified no suckyere collected.

associatiort®®®,
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Table 4 TP53-Characteristics of the population description
Patients (n=40) Controls (n=39)

Age 40 (26-60) 25 (18-33)
Cancer familial history

Familial cancer 13

Sporadic cases 27

Side

Right 25

Left 15

Histological subtypes

Invasive ductal carcinoma 35

Unknown 5

Stage

] 13

1" 26

Unknown 1

Grade

|

Il 4

" 34
Blood sampling and DNA extraction Genotyping of p53 gene at codon 72

Approximately, 5 ml of the whole blood wasThe genotypes of p53 gene at codon 72 were
taken by venipuncture into 5 ml vacutainergletected by using Allele-specific polymerase
(Greiner Bio-One, Germany) containingchain reaction (AS-PCR) that specifically
EDTA. Genomic DNA was isolated from all detect either the p53 Pro or the p53 Arg allele.
peripheral blood samples by using arhe two fragments (177 bp and 141 bp
commercial kit (Isolate Il Genomic DNA Kit, respectively) were amplified in separate
BIOLINE) acFRUGLQJ WR P D exctibris Witk pBBUPfovand p53 Arg primers.
recommendations. DNA obtained wasp53 Pro sequences were detected by PCR
immediately used for PCR amplification orusing the primer pair p53Pro+/p53-: (p53
VWRUHG DW i f& XQWLO XVBUR T *&&P*$**&7*&7&&&&& T DC
p53- T &*7*&$$*7&$&$*$&77
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and p53 Arg by the primer pair: p53+/p53Arg-Statistical Analysis.

S 1 7&&&&&77*&&*7&&&$S$
Statistical analyses were performed using
and p53 Arg-
XLStat software, the statistical software &
&7**7*&$****&&$&*& 1‘[
. . _ data analysis add-on for Excel. Differences
Amplification reaction was performed in a
re cons dered statistically_ significant for
WRWDO YROXPH RI O FRS Q' LQJ SR Ignifi
each consensus primer, 200-mM dNTP, 0.125
XQLWV 7DT '1$ SRO\PHUDWHh RLQIR O RI

genomic DNA in 1x Tag polymerase buffer.
All samples, 40 cases and 39 controls, were

DNA was amplified in Gen Amp PCR Systemgccessfully amplified and were analyzed for
9700 thermocycler (Applied Biosystems) withp53 codon 72 polymorphic alleles. Results of
the following steps: an initial 10 min pcr amplification with arginine- or proline-
denaturation at 94°C followed by 40 cycles ogpeciﬁc primers are reported in Figure 16.
PCR, with denaturation for 30 sec at 94°Coyerall, the PCR products analysis showed the
primer annealing for 30 sec at 58°C ancbresence of the 3 different DNA
primer extension for 40 sec at 72°C. At thepolymorphisms in the p53 gene: proline

end of the last cycle, the mixture washomozygotes, arginine monozygotic and
incubated for 7 min at 72°C for a final heterozygous Samples

elongation step. Reaction products were

analyzed by electrophoresis on a 2% agarose

gel.

Figure 16 Analysis of p53 codon 72 polymorphism by PCR using alledpecific primers
Arg/Arg: homozygote arginine; Pro/Pro: homozygote ipel Pro/Arg heterozygote; MW: 100 bp ladder
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Table 5 illustrates the genotype distribution ohomozygotes genotype was present in only 5

the three different bi-allelic DNA cancer cases and was absent in all controls

polymorphisms in the p53 gene and specimens. Genotype distribution in controls
HardyHLQEHUJYV

significant

corresponding allele frequencies. Overall, thand patients was in

heterozygous genotype prevails in both BGquilibrium. There was no

cases and controls, present in 80% (32/40) ardifference in overall genotype frequency
92.3% (36/39), respectively. Arginine distribution between the two groups.
Table 5 Genotypic and allelic frequencies in patients and controls
Genotype p Allele p
Cases N Pro/Pro % Pro/Arg % Arg/Arg % Pro % Arg %
[95% ClI] [95% ClI] [95% CI] [95% ClI] [95% Cl]
Breast 40 15 80 5 55 45
cancer [7.1-29.1] [65.2-89.5] [1.4-16.5] [44.1-65.4] [34.6-55.9] 0.839
7.7 92.3 0 53.8 46.2 '
Controls 39
[2.7-20.3] [79.7-97.3] [0-9.0] [42.9-64.5] [35.5-57.1]

p53 codon 72 polymorphism was also

Distribution of p53 genotype according to
pos g P J evaluated according to tumor grade and

familial history is reported in Table 6 and . . :
clinical stage. Results are reported in Table 7

showed the predominance of heterozygote . -
and showed no significant statistical
t in both familial hist d di
genotype in both familial history and spora ICdifference. The
showed nn - -
Arg/Pro prevails in all clinical stages and all

heterozygote  genotype

cases. Statistical analysis

significant association.

tumor grades.
Table 6 Distribution of p53 genotype according to familial history of cancer
Genotype p Allele p
Cases N Pro/Pro % Pro/Arg % Arg/Arg % Pro % Arg %
[95% CI] [95% ClI] [95% CI] [95% CI] [95% CI]
Cases with
154 76.9 7.7 53.8 46.2
Familial 13
_ [4.3-42.2] [49.7-91.8] [1.4-33.3] [35.5-71.2] [28.8-64.5]
history 1.00 0.883
Sporadic 18.5 77.8 3.7 57.4 42.6
cases [8.2-36.7] [59.2-89.4] [0.7-18.3] [44.2-69.7] [30.3-55.8]
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Table 7 Distribution of p53 genotype according to clinical stage and tumor grad

Genotype p Allele p
Cases N Pro/Pro%  Pro/Arg % Arg/Arg % Pro % Arg %
[95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
I 13 15.4 76.9 7.7 53.8 46.2
% [4.3-42.2] [49.7-91.8] [1.4-33.3] [35.5-71.2] [28.8-64.5]
c_U; " 26 19.2 76.9 3.9 1.00 57.7 42.3 0.829
o [8.5-37.9] [57.9-89.0] [0.7-18.9] [44.2-70.1] [29.9-55.8]
c
O  Unknown 1 - - - - -
| ) 50 50 0 75 25
g [9.5-90.5] [9.5-90.5] [0-65.8] [30.1-95.4] [4.6-69.9]
@©
5 0 75 25 37.5 62.5
o | 4 0.713 0.285
g [0-49.0] [30.1-95.4] [4.6-69.9] [13.7-69.4] [30.6-86.3]
S5 17.6 79.4 3 57.4 42.6
= 34
[8.3-33.5] [63.2-89.7] [0.5-14.9] [45.5-68.4] [31.6-54.4]

V.4 Discussion

During the last decades, a great interest was
study

given to genetic predisposition in cancer . . :
association between p53 polymorphism in

development and the use of genetic biomarker
codon 72 and BC development among

for early diagnosis, adequate therapy and aa

case-control study on BC patients and paired

healthy controls. To our best knowledge, this

effective monitoring. Predisposition to several

is the first one

wandese population.

investigating the

human cancers has been associated witbverall, the proline allele is more frequent in

genetic polymorphisms, which may represenRwandese population. Both cancer cases and

an

important

contribution to

cancer healthy controls have shown high prevalence

susceptibility and tumor behavior. p53 codorof this allele as compared to the arginine

72 polymorphism, is the most extensivelyallele. Brennaet al. have shown that the

studied polymorphism

in many cancersfrequency of the arginine allele increases with

including BC. The association between thdatitude, while the proline allele shows the

p53 codon72 polymorphism and the risk obpposite effect?>. Moreover, several studies

developing BC has been studied in differenhave reported that the SNP72 is balanced by

populations with conflicting results. To assessatural selection and Pro allele frequency

the prevalence of p53 SNP72 genotypes aridcreases in a linear manner in multiple

alleles in Rwanda, we have conducted thipopulations as they near the equator with
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around 60% in African descents and®4% suggesting no association between this
in Caucasian descerfts?* polymorphism and the hereditary form of BC.
Conversely, Krivokucaet al *°> have foud

In this study, the heterozygote genotype . . .
y Y g yP that in Serbian women Pro allele is related

(Pro/Arg) prevails in both cancer cases and _ . ,
to hereditary cancer comparing to sporadic

controls and no significant association was . L
one and could be considered as a potential risk

obtained for genotypes and allele diStribUtionsfactor for hereditary form of disease.
Our results are in agreement with previously
reported data in different populatior’8®°. In this study, the distribution of p53 codon72
The meta-analysis conducted by Goncalees polymorphism in clinical stages and tumor
al. have shown that BC patients and controlst UDGHYV GLGQYfW VKRZ DQ\ VWDW
subjects were mainly heterozygous in Asiarifference. p53 codon72 genotypes were
population (50.1% and 48.0%, respectivelypresent with equivalent proportion in all
and African population (43.9% and 49.7%clinical stages and in the two reported grades.
respectively), whereas the homozygot&here are limiting studies investigating the
Arg/Arg was predominant in America (53.6%association of p53 codon72 polymorphism
and 54.5%, respectively) and Europe (54.1%ith clinic-pathological features. Tommiska
and 53.4%, respectively§°. However, the al.'®have shown that proline homozygous BC
Pro/Arg heterozygous was found higher inpatients presented significantly more often
Saudi population among healthy womenwith grade 1 tumors, whereas arginine allele
(60.19%) than in women with BC (25%], carriers had more frequently grade 3 tumors.
while the Pro/Arg genotype has been reporte@ihe association of proline homozygosity with
to be associated with BC risk in Iranianlower grade is consistent with a highe
population with 75.55% in BC cases versudrequency of lobular carcinomas among
62% in controls®*’. These discrepancies inproline homozygous patients as lobular
frequency distribution could be explained bycarcinomas have been found to be more often
genetic specificity of the population and theof lower grade'®*® In BC, the interest was
ethnic group characteristics®” given to mutations affecting the DNA binding
domain of p53 and highlighting that these

When considered separately, sporadic and , L
mutations are more prevalent in high grade

family cases displayed the same distribution
y Pay and large tumord*®

both for genotypes and alleles frequencies,
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Many studies have shown that the twaeported to be more efficient in inducing cell-

variants, Pro72 p53 and Arg72 p53, differ incycle arrest!*2,

their structure and their biological functions

, , . Conclusion
especially concerning cell cycle progression

39,40

and apoptotic activity Difference in |y conclusion, these preliminary results

structure was already reported showing thag,ggest no association between p53 codon 72
Pro72 variant migrates more slowly than theyglymorphism and BC and therefore this

Arg72 Variant on gel e|eCtrOph0I’eS%§3 Of po'ymorph|sm COUld not be assessed as a

particular interest, the Arg72 p53 variant Wasnarker of risk factor for predisposition to BC
reported to be more efficient at least five timegy Rwanda. However, further studies using
better than the Pro72 variant in initiatingjarger sample size are needed to provide more
apoptosis, while the Pro72 variant wasgonclusive results and to investigate other

genetic mutations affecting the activity of p53.
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V. Association between Glutathione Peroxidase IPX1) codon 198 variant

and the occurrence of BC in Rwanda

Abstract

Background Glutathione peroxidase 1 gen®HX1J) is one of the antioxidant enzyme that remove the
reactive oxygen species (ROS) in a continuous process. Smddentification of a well-characterized
functional polymorphism named p.Pro198Leu (rs1050450 C>THK1 gene, abundant studies have
evaluated the association between p.Pro198Leu polymorphism aadrigknin diverse population. But,
the available results related to breast cancer are dordliand absent in Africa. The present case-control
study was planned to assess the presenGPufl p.Pro198Leu polymorphism in Rwanda population to
determine whether it is associated with the risk of devedppreast canceMethods Genomic DNA
from peripheral blood leukocytes of 41 patients with breasteraand 42 healthy controls were enrolled
and genotype®PX1 p.Pro198Leu polymorphism by PCR amplification and DNA sequgnB&iasults

No significant difference in the frequencies of Pro/R18%) and Pro/Leu (51%) genotypes in cancer
cases and in controls (50% each). The allelic frequenciBsoodnd Leu were 74% vs 26% and 75% vs
25% in breast cancer cases and controls, respectively. Noagsoevias observed in allele frequencies
of Pro and Leu, and familial history. Only an overall asgami of GPX1 p.Pro198Leu with grade of
cancer (Pro/Leu vs. Pro/Pno=0.0200) was detecte@onclusion The result of this study suggested that
GPX1 p.Prol198Leu polymorphism could not be a risk factor for breastecan Rwanda. However,
large-scale studies on the effect of this polymorphism on tlierfadisturbing the redox homeostasis are
needed for conclusive understanding.

WV ZLGHO\ DFFHSWHG WKDW

heterogeneous disease and several risk factor

BC is a growing public health concern forare associated with BC development, namely
many African nations and its incidence anc@de, gender, ethnicity, past history of BC,
mortality are increasing annually In Africa, reproductive and hormonal factors, family
BC is commonly present at young ages anhistory and genetic factors, exposure to
with advanced-stage disease, mainly due fonizing radiation, and environmental and
lack of screening programs, limited diagnostidifestyle ~factors . In this field, some

capabilities and inefficient treatment procgss e€ndogenous factors (genomic  variations)

5 and/or exogenous factors (environmental

V.1 Introduction

exposures, lifestyle) can impact the balance of

ROS leading to oxidative stress. Elevated
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levels of ROS and down regulation of ROSGPX1 is located on chromosome position
scavengers and/or antioxidant enzymes, a@p21 and contains a genetic polymorphism
associated with initiation and progression of §rs1050450) that results in either a proline
number of human diseases and cancef®ro) or leucine (Leu) at codon 198, described
including BC"*°. to be a risk factor for the development of
_ _ various cancers, including lung cancé,

ROS are highly reactive molecules that carl{l3 rostate cancé®and bladder cancé?
damage DNA, proteins and lipids and promote

several carcinogenesis effects, such a& BC, several population-based studies have
increasing DNA mutation rate, deletions, geneeported inconsistent results on the association
amplification, rearrangements and cellbetween GPX1 p.Pro198Leu polymorphism

proliferation **#3,

In the organism, many and cancer risk. Some studies found that the
genes are involved in ROS regulationleucine-containing allele was more frequently
(antioxidant enzymes, ROS scavengers) associated with BC than the proline-containing
production (mitochondrial genes in charge otllele while others findings reported no
the respiratory chain), affecting their functionsignificant associatiof”?®. The meta-analysis
and efficiency***®> Among them, Glutathione performed by Hu et al.?® covering three
Peroxidase 1 geneGPX1OMIM: 138320), studies of Caucasian descéht®® one study
encoding for an important antioxidantof African descent® and two studies of mixed
selenium-dependent enzyme that catalyses tle¢hnicity descent?*® has not revealed any
breakdown of hydrogen peroxide and organi@association between variant Leu allele and BC
hydroperoxides, resulting in the oxidation ofsusceptibility. However, in the subgroup
glutathione (GSH) to glutathione disulphideanalysis by ethnicity, no association was
(GSSG) Y. GPX1 has been reported to bedetected in Caucasians, while increased risk
implicated in oncogenesis and progression ofas found in Africans carrying variant Leu
several cancer type$'® LWV RYHU HieeU HhoWaARdgOte, deserving  further
suppresses intracellular ROS which attenuatesvestigation on large scale  African
growth factor receptor activation mediated bypopulations. Therefore, we have planned to
oxidative stress, resulting in decreased cellularonduct this case-control study to assess the
20,21

proliferation==<-, presence o6PX1p.Prol198Leu polymorphism

in Rwandan population to determine whether
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this polymorphism is associated with the riskA total of 41 BC patients and 42 healthy
of developing BC in Rwandan patients. women were enrolled in this study. All BC

_ cases were recruited in 2016 at Rwanda
V-2 Material and methods Military Hospital and King Faisal Hospital,
Ethical Compliance both located at Kigali, Rwanda. From each BC

case, clinical and pathological data (age,

The protocol study was approved by th&, ., |ocalization, histological subtype, tumor

Rwanda National Ethics Comm'tteestage and grade) were collected. Table 8

(197/RNEC/2015) and informed consent Wag,mmarizes characteristics of the BC patients

obtained from each participant. and healthy individuals.

Study population

Table 8 GPX1-Characteristics of the population description

N: Number
Patients (N=41) Controls (N=42)
Age 40 (26-60) 25 (18-33)
Sex
Females 40 39
Males 1 3
Cancer family history* 13 0
Histological subtypes
Invasive ductal carcinoma 35 -
Unknown 6 -
Stage
Il 13 -
1] 26 -
Unknown 2 -
Grade
I 2 -
Il 4
1] 34 -
Unknown 1 -

* Family history was defined as a first to second-deggiadive with any cancer type.
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Blood sampling and DNA extraction the last cycle, the mixtures were incubated at
72°C for 7 min. For every reaction, a negative

Approximately, 5 ml of the whole blood was _ _ .
control, in which DNA template was omitted

taken by venepuncture into 5 ml vacutainer . . .
y P ?rom the amplification mixture, was included.

(Greiner Bio-One, Germany) containing

EDTA. Genomic DNA was isolated from all PCR products were purified using the Illustra
peripheral blood samples by using aExoProStar 1-Step enzymatic clean up system
commercial kit (Isolate Il Genomic DNA Kit, (GE Healthcare Life Sciences) and sequenced
BIOLINE) acFRUGLQJ WR P D @itk Iforwakt>stoaddJdih\an ABI 3130XL DNA
recommendations. DNA obtained wasanalyzer, using BigDye Terminator v3.1 Cycle
immediately used for PCR amplification orSequencing Kit (Applied Biosystems, Foster
VWRUHG DW i f& XQWLO X Vdity, CA, USA).

GPX1p.Pro198Leu Genotyping Sequencing reactions were performed in a

final volume of 10ul, containing 1pl of 2.5X

.Pro198Leu polymorphism screening was . :
P polymorp J Big Dye ready reaction mix v.3.1, 10 pmol of

carried out by PCR amplification and DNA
y P forward primer and 100ng of purified PCR

sequencing”. For PCR amplification primers
a g"’ P P product. The mixtures were incubated at 96°C

were selected to flank the region of exon %or Imin and 25 cycles were performed

FRQWDLQLQJ WKH 613 uv &Ix7 :
Including denaturation at 96°C for 10s, primer
(NM_001329455.1); GPX1-Ex3- SULPHU

CGCCACCGCGCTTATGACCG-Y and
GPX1-Ex2-5 SULPHU -
GCAGCACTGCAACTGCCAAGCAG- 1 , , .
sequencing reaction products were purified
PCR amplification was performed in a total . .
using Sephadex  G-50  gel-exclusion
YROXPH RI /| FRQWDLQ,L

Q ﬂ PO 0J&0QO .
chromatography (GE  Healthcare Life
200uM of each dNTP, 200nM of each primer
0.25U Platinum Tag DNA polymerase

anneﬂaling at 50°C for 5s and extension at 60°C
for 4 min. The reactions were set to 30ul. To

eIimi‘erlate the excess of labelled ddNTPs,

Sciences). The sequences were analysed using

Sequence Scanner v2.0 software (Applied

(Invitrogen) and 100ng of genomic DNA in_.
Biosystems).

1X PCR buffer. PCR reaction was performed

as follows: After a first denaturation at 94°C

for 7 min, follow 35 cycles of 94°C for 30 s,

60°C for 30 s, 72°C for 40 sec. At the end of
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Statistical analysis confidence intervals (Cl) calculated using the

modified Wald test (Agresti-Coull).
Statistical tests were performed using the

OpenEpi software. ChW TXDUH WHVWVALREKIts<DWHV

correction was used to evaluate the association

. mplification and direct sequencing &PX1
of GPX1 genotypes with the occurrence ofo\ P a g

) . exon 2 for all 41 cases of BC and 42 controls
bladder cancer and to examine the correlation

were successfully conducted and revealed
betweenGPX1 genotypes and cancer stage or

. : . rs1050450 C>T substitution in exon2 resulting
grade. The statistical relationship was

. e . . in p.Pro198Leu in both cancer specimens and
considered as significant if the derived p-value P P

. . controls. An example of obtained
was "0.05. The estimated genotypic and P

: . . . electrophoregrams is illustrated in Figure 17.
allelic frequencies were associated with 95%

Figure 17 A sequence of electropherogram showing the posiiof p.Pro198Leu polymorphism inGPX1gene
A: represents a DNA sequence electrophoregram shawar@>T transition on both strands (CCC/CCC: Pro/Pro).
B and C: represent the DNA sequence chromatograms of xSitina carries (CCC/CTC: Pro/Leu).
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iIn cancer cases nor in controls. The genotype

In our study, only two genotypes were .
Y 4 d P and allele frequencies @PX1 p.Pro198Leu

detected (Pro/Pro and Pro/Leu). However _ . .
polymorphism are summarized in Table 9.

homozygous Leu genotype was found neither

Table 9 Genotypic and allelic frequencies d6PX1p.Pro198Leu polymorphism in patients
and controls

Cl: Confidence Intervaldy: Number

Genotype Allele
Cases N Pro/Pro% Pro/Leu % Leu/Leu % Pro % Leu %
[95% CI] [95% CI] [95% CI] [95% Cl] [95% Cl]

Breast A1 49 51 0 74 26
cancer [39.42 - 58.65] [41.35-60.58] [0.0-4.441] [64.58-] [18.36-35.42]
Controls 42 >0 >0 0 > 2>

[40.38 - 59.62] [40.38-59.62]  [0.0-4.441] | [65.65-82.5] [17.5-34.35]
p 0.500 0.500

uv &!'x7 10B

Overall, genotypic frequencies obtained inThe allelic frequencies of Pro and Leu were
cancer cases were similar to that obtained iA4% vs 26% and 75% vs 25% in BC cases and
controls. Indeed, the frequencies of Pro/Proontrols, respectively. No  statistically
and Pro/Leu genotypes were respectively 49%ignificant difference allelic frequencies was
(20/41) and 51% (21/41) in cancer cases, amobserved of GPX1 Pro/Leu alleles between
were 50% each in controls. Statistical analysisancer and control groups=0.05).
showed that no significant difference between
cancer cases and healthy contrpis0(05). GPX1 p.Pro198Leu polymorphism was also
evaluated according to familial history. As
Assessment of allelic frequencies showed thatndicated in Table 10, both Pro/Pro and
Pro allele was present in 74% of cases arPro/Leu genotype were detected in cancer
75% of controls, and Leu allele in 26% anccases and healthy controls with approximately
25% of cases and controls, respectively, ansimilar  frequencies.  Moreover, allelic
statistical analysis showed no significanffrequencies of Pro and Leu were 73.1% vs
difference between cases and controls. 26.9% and 75% vs 25% in BC cases and

controls, respectively. Statistical analysis
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showed no significant difference betweerfamilial history of cancer = 0.05).
GPX1 p.Prol98Leu polymorphism and

Table 10 Distribution of GPX1p.Pro198Leu polymorphism according to familial history of

BC
Cl: Confidence Intervaldy: Number
Genotype Allele
Cases N Pro/Pro % Pro/Leu % Pro% Leu %
[95% CI] [95% CI] [95% CI] [95% CI]
Cases with
N 46.1 53.9 73.1 26.9
Familial 13
) [36.66-55.83] [44.17-63.34] [63.63-80.86] [19.14-36.37]
history
Sporadic 08 50 50 75 25
cases [40.38-59.62] [40.38-59.62] [65.65-82.5] [17.5-34.35]
p* 0.340 0.442
uv &!'x7 10B

* No case has the Leu/Leu genotype; therefore this genuatgpenot included in the statistical analysis

clinical stage I, whereas in stage Ill, Pro/Pro

GPX1 p.Prol198Leu polymorphism was also
P poly P was detected in 53.9% and Pro/Leu in 46.1%

evaluated according to tumor grade an(zZ/G) of cancer cases. Statistical

clinical stage and the results are reported in N L
showed a significant association between

analysis

Table 11. According to cancer grade, the . -
p.Pro198Leu polymorphism and BC clinical

Pro/Pro and Pro/Leu genotypes were detected
stages [§=0.02).
respectively in 38.5% and 61.5% of cases with
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Table 11 Distribution of GPX1p.Pro198Leu polymorphism according to clinical stage and

tumor grade
Cl: Confidence Intervalgy: Number;NA: Not Applied

Genotype P* Allele P
Cases N Pro/Pro % Pro/Leu % Pro % Leu %
[95% ClI] [95% ClI] [95% Cl] [95% Cl]
| 12 38.5 61.5 69.2 30.8
T o [29.55-48.3] [51.7-70.45] [59.56-77.42] [22.58-40.44]
o o 0.020 0.143
c g 53.9 46.1 76.9 23.1
S5 2 26
[44.17-63.34] [36.66-55.83] [67.68-84.13] [15.87-32.32]
| ) 100 0 100 0
9 [95.56-100]  [0.0-4.441] [95.56-100] [0.0-4.441]
o 25 75 62.5 37.5
o I 4 NA** NA**
5 [17.5-34.35]  [65.65-82.5] [52.7-71.37]  [28.63-47.3]
£ N 50 50 75 25
|_
[40.38-59.62] [40.38-59.62] [65.65-82.5]  [17.5-34.35]
UV &!x7 10B

* No case has the Leu/Leu genotype; therefore this genotgpenot included in the statistical analysis
%HFDXVH RI WKH OLPLWHG Q XP EHWWRIWLDMHLVF R IOWIKQW ® PR JRRDX@GHG Q TW |

characterized functional polymorphism named

Allele frequency analysis showed that Pro
p.Pro198Leu (rs1050450 C>T) @PX1gene,

allele prevails in both stages Il and Ill, with .
P g a lot of studies have been conducted to

69.2% and 76.9%, respectively, and .
evaluate the association between p.Pro198Leu

significant  association ~ was  obtained . ,
polymorphism and risk of cancer

(p=0.143). Regarding the distribution of cases :
development. Therefore, a great interest was

according to tumor grade, statistical analysis . .
given to the association between p.Pro198Leu

could not be applied due to limited number of . . . .
polymorphism and BC risk in various

cases mainly in grade I. . .
populations and a strong association was

V.4 Discussion reported in Denmark, USA, UK and Poland

28303536 \vhereas other studies conducted in

During the last decades, a great interest wag QG 86% GLGQIW REVHUYH DQ

given toGPX1as a determinant of cancer r'Sk'association27'32'33. A well conducted meta-

Accordingly, the identification of a well- analysis performed by Hu et %l indicated
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the existence of significant ethnic variation inOf particular interest, Méplan et &l have

the GPX1p.Pro198Leu polymorphism and BCshowed that the significant association

development and suggested that thef GPX1p.Prol98Leu polymorphism and BC

polymorphic variant may increase the riskdevelopment has been restricted only to the
only among Africans. However, this non-ductal cancers. In our study, Invasive

conclusion was based in Afro-Americanductal carcinoma subtype, prevails (36/41),

women. To our best knowledge, only threesuggesting a probable association between this
studies, conducted on African ethnicitypolymorphism and the histological subtype,

descents in Egypt and Morocco, havedeserving further investigations.

investigated this polymorphism in bladder

34,37 Interestingly, the Leu/Leu genotype was not

cancer and hepatocellular carcinonts,

found among Rwandan patients and controls.
but none on BC.

Leu/Leu genotype has not been reported in
The corner stone of this case-control study istudies conducted in Egypt and Morocco,
to assess the GPX1 p.Prol98Leu suggesting that this genotype is rare in Africa.
polymorphism status in Rwanda and toORUHRYHU LWV ZLGHO\ DFFHSW
evaluate the association between thiglistribution of alleles vary significantly
polymorphism and BC development amongaccording to ethnicity. Leu allele was found in
Rwandan patients. In this study, no associatioB6% of Caucasians, in 33% of African
between GPX1 p.Prol198Leu polymorphism descents, 5% of Japanese and was not yet
and BC development have been reporteteported in Chinese subjeéfs®

between cases and control groups (Pro/Leu vs.

When considered separately, sporadic and
Pro/Pro:p=0.5). No significant difference was P Y, P

family cases displayed the same distribution
also found between Leu and Pro alleles y play

) both for genotypes and alleles frequencies,
between cases and contros=0Q.5). Previous J P g

ti iati bet thi
studies  highlighted the presence ofSUQgeS Mg ho association —between S

I hi d the hereditary f f BC.
homozygous Leu/Leu genotypes and showeI?j0 ymorphism and the hereditary form o

, . , However, an increased risk of BC was
that Leu allele is strongly associated with BC

, o observed in individuals who carry both the
development suggesting that individuals

Leul98Leu genotype dBPX1and Alal6Ala

8enotype of MnSOD which is in favour of a

carrying variant Leu allele (Pro/Leu and
Leu/Leu) were associated with an increase

GPX1 and MnSOD interaction responsible of
cancer risk®263° P
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an increased risk of BC developméht This activity, and the unexpectedly observed
interaction was confirmed in the studyprotective effect of Leu allele may be
performed in Russia by Ermolenko et*al. explained by the fact that patients carrying
showing that combination MnSOD Ala9Val Leu allele have better prognosis after cancer
andGPX1p.Pro198Leu genotypes were foundreatment as most of the therapies
to have a 1.6 times higher risk of sporadic BGimmunotherapy, chemotherapy, radiotherapy)
as compared to the control group. Thusare based on ROS generatiih Association
evaluation of association of GPX1 between GPX1 p.Pro198Leu polymorphism
p.Pro198Leu polymorphism with BC would and tumor grade was not applicable because of
be more interesting when combined with othethe very limited number of cases in grades |
common variation in other polymorphic genesand Il.

encoding for antioxidant defence enzymes,

Overall, this study is very informative givin
including MnSOD, in modulating individual IS study Is very I ive giving

susceptibility to BGE evidence of the absence of association
between p.Pro198Leu polymorphism and BC
In the present study, a strong association watevelopment in Rwanda and highlighting the
found between GPX1 p.Prol98Leu rarity of homozygous Leu/Leu genotype in
polymorphism and clinical stagep0.02). Rwandan people. However, the main
Pro/Leu genotype was significantly higher inlimitation of this study is the small sample size
stage Il as compared to stage Il where thenaking difficult to assess a clear association
Pro/Pro genotype prevails. The presence dfetween such polymorphism and clinico-
Leu allele seems to have a protective effeqiathological features.
against BC development and progression. This

Conclusi
finding is supported by a recent study oo

conducted in Poland showing that carryingrhe results of this preliminary study showed

Leu variant was associated with a significanthat 198Leu genotype is rare in Rwanda and

40 % decrease in the BC risk, suggesting gyggest thaBPX1 p.Pro198Leu
Similar protective effect o6PX1 Leu Variant deve'opment_ However |arge Sca|e

has been found also in the case of lung angyestigation in Rwandan and other African
laryngeal cancer§®. Leu allele is associated patients are needed to draw consistent

with a reduced activity of ROS scavenging
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information on the

implication of this
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VI. Detection of HPV DNA in tumors from Rwandese BC patients

Abstract

Background During the last decades, a great interest was given to \ipklgst of breast cancer. Indeed,
due to recent technical improvements and some encouragingesalisy it has been a resurgence of
interest in the possibility that a substantial proportion whén breast cancers may be caused by viral
infections. High-risk genotypes of human papillomavirus (HPM)ehbeen found in breast cancer cases.
In the present study, we aimed to assess the presence dDNRVNh breast cancer cases from Rwanda
and to evaluate the association between HPV infection an@a:lpathological featuresMethods
Therefore, a total of 47 archived formalin-fixed para#imbedded biopsies were collected and complete
information was recorded. HPV detection and genotyping were doneéCByamplification and DNA
sequencingResultsOverall, HPV DNA was found in 46.81% of cases, HPV16 beingrtbst prevalent
subtype (77.27%) followed by HPV33 (13.64%) and HPV31 (9.09%). CompariddRV with clinico-
pathological features showed no significant difference betwtfey infection and breast localization,
histological subtype, clinical stage, tumor grade and intringiecular subtypesConclusions These
findings provide evidence of high prevalence of high-risk HPV inRigae patients with breast cancer
and suggest that high-risk HPV infections could be a rislofaatsociated with human breast cancer
development.

The etiology of BC is complex and multiple

VI.1 Introduction ) . . )
factors are associated with an increased risk of

Worldwide, BC is the most prevalent and theBC development, including age, gender,
second leading cause of cancer death amo€thnicity, past history of BC, reproductive and
the female population. In 2012, about 1.;hormonal factors, family history and genetic
milion new cases were diagnosedfactors, exposure to ionizing radiation,
representing 25% of female cancer cdsda ~ environmental and lifestyle factofs

Africa, a total of 133 900 new BC cases in_ . ,
During the last decades, a great interest was

women were estimated in 2012 representinn, . .
given to the viral etiology of cancer

27.6% of all the cancer casésin Rwanda,
development. In fact, about 16% of all cancers

BC is considered as great public health
g P diagnosed in the world are attributable to

problem. Rwandan BC age-standardized . . .
infectious agents, and this proportion reaches

incidence rate was estimated by GLOBOCAN , . s _ , _
33% in Africa °. Accordingly, infectious
to 12.3 per 100,000 womén

agents are considered as a plausible risk factor
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for BC and worldwide data converge to thewith BC worldwide. However, there are

possibility that a substantial proportion ofgeographical differences in the distribution of

human BC may be caused by viral infectibns HPV types amongst populationg 322

To date, 3 viruses have been mainly identifieTherefore, this primary study was planned to

in BC development: Mouse Mammary Tumorevaluate the presence of HPV DNA in a series

Virus-like sequence$® EpsteirdBarr Virus®*  of samples obtained from BC cases in Rwanda

1 and HPV?#2, to participate in the worldwide efforts made to
investigate the promoting role of HPVs in BC

The hypothesis that HPVs might contribute tc development.

human BC is based on the immortalization of

primary mammary epithelial cells by HR-HPV VI.2 Materials and methods

16 and the ability of E6/E7 onco-proteins of

HPV type 16 to covert non-invasive and non-S tudy design

metastatic BC cells to invasive and metastatia total of 47 archived BC FFPE tissues

fOI‘mS 17. The aSSOCiation Of HPVs and BCSpecimenS from K|ng Fa|sa| Hosp|ta| and

development was widely studied and reporteKjgali Teaching Hospital, both located at
results were controversial. Numerous studiekigali +Rwanda, have been checked for the
2,13,18,19 . . .
human BCs*******® whereas others reported pathological data (age, sex, tumor localization,
the absence of HPV DNA in both BC andhjstological subtype, stage and grade) were
normal mammary tissué8®*, recorded from the archives of the Anatomy
- Pathology services in an anonymous fashion.
Conflicting results were also reported
. , Different phenotypic features such as hormone
regarding the prevalence of HPV in BC cases.
. receptor expression [whether ER or PR were
Overall, HPV DNA was found in 10 to 50% of

, positive], and Human Epidermal Growth
cases )3#°?225%nd in some cases exceeds

27 . . Factor Receptor 2 (HER2Neu) over-
80 % According to a meta-analysis
. . expression  were collected. Molecular

conducted on 22 case-control studies, the risk

: . classification of BC cases was made according
of BC due to HPV infection was 4.02-fold
. 15 to intrinsic molecular subtype$. Luminal A
higher=.

tumors were those positive for ER and/or PR;

$V LWV WKH FDVH LQ && Juminal B tumors were those ER and/or PR

most prevalent HPV genotypes associatepositive but with positivity for HER2Neu;
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triple-negative cases were those negative farsed to amplify a 450 bp fragment, highly
ER, PR and Her2, and finally, HER2 tumorsconserved irL1 gene, whereas the consensus
were those negative for ER and PR but exhibprimers GP5+/GP6+ generate a 150 bp
HER2Neu overexpression. The protocol ofragment of the L1 region.

this study was approved by the Rwanda

: . . In the first amplification, PCR was done in
National Ethics Committee (197/RNEC/2015). P
total volume of 25ul. The amplification

DNA extraction mixture contained 10 pmol of each primer, 5

mM of each dNTP, 1.5 mM Mggland 1U

Three 10- P VHF Wé&r® @@kén Zrom each _ .
AmpliTag Gold DNA polymerase (Applied

FFPE tissue. Tissues were treated first with
Biosystems, CA, USA) and 5 pl of DNA

xylene to dissolve the paraffin and with _
sample in 1xTaq polymerase buffer. The

ethanol to remove the remaining xylene. . . .
g% mixture was first denatured at 94°C during 7

Genomic DNA was extracted from paraffin- .
min. Then, 40 cycles of PCR were performed

embedded tumor tissue using the Isolate Il . . . .
with denaturation at 94°C for 1 min, primer

genomic DNA kit (Bioline, USA), according _ _ _
annealing for 1 min 55°C and primer

WR WKH PDOXIDFWXUHUYY LOVWUXFWLROV 7K
Q l extens%n for T min at 72°((22. At the encJ_lof the

concentration of obtained DNA was quantified . :
last cycle, the mixture was incubated at 72°C

by Nanodrop (Thermo Fisher Scientific, .
for 7 min.

USA). DNA is used immediately or stored at -

20°C until use. In order to evaluate the)RU QHVWHG 3&5 / Rl WKH

efficiency of DNA extraction, all samples products was used as a template for PCR

were amplified by PCR using PC04 and GH2@mplification using GP5+/G+6 general

primers specific for human -globin gene primers. Amplification mixture and conditions

(Table 12)*. are the same as for the first PCR.

HPV detection For every reaction, a negative control, in

which DNA template was omitted from the

HPV detection was performed by nested PCR = . .
amplification mixture, and a positive control,

amplification of a conserved region of the . . .

with DNA extracted from HPV positive SiHa
HPV L1 gene DNA using consensus ) ,

cell line, were included. PCR products were
MY09/MY11 and GP5GP6 primers (Table .

analyzed by electrophoresis on 2% agarose
12). Degenerated primers MY09/MY11 were
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gels followed by staining with ethidium bromide (10 mg/ml).

Table 12 Primers used for HPV detection and typing

Primer 6HTXHQFH ¢9: Y Size (Bp)
PC04 CAACTT CAT CCACGTTCACC

-globin primers 256
GH20 GAAGAGCCAAGGACAGGTAC

MY09 CGTCCMARRGGAWACTGATC

450
_ MY11  GCMCAGGGWCATAAYAATGG
HPV primers
GP5 TTTGTTACTGTGGTAGATACTAC 150
GP6 CTTATACTAAATGTCAAATAAAAA
HPV genotyping The correlation between HPV infection and

clinico-pathological parameters was evaluated

HPV genotyping was done by DNA
g yping y statistically using chi-square test by

sequencing. The GP5+/6+ PCR products, if , . .
comparison between proportions. Comparison

ositive, were purified by ExoSaP-IT clean u , . o
P P y Iobetween HPV infection and intrinsic

system (USB, USA) and sequenced directly ,
molecular phenotypes was done using

using GP6 primer, as the sequencing primer, ) L
Y P q gb Kruskal-Wallis test. The level of significance

and BigDye®Terminator v3.1  Cycle
ZDV VHW DW : IRU DOO W

Sequencing Kit (Applied Biosystems, Foster

FLW\ &% 86% DFFRUGLQJ VW3ReBMINR XIDFWXUHUTV
protocol. Sequencing analyses were done on

ABI 3130XL DNA analyzer (Applied iStoPathologicaldata

Biosystems, Foster city, CA, USA). The mean age of patients was 50 [36.80
Nucleotides sequences were aligned angg 25] years with extreme ages at 25 and 74
compared with those of known HPV typesyears old. The histopathological analysis
available through GenBank by using theeyealed that invasive ductal carcinoma (IDC)
online BLAST 2.0 software serveryas the most common type, accounting for
(http:/iwww.ncbi.nih.gov/blagt 78.72% (37/47) of all cases; whereas only
12.77% (6/47) and 8.51% (4/47) of patients

Statistical analysis
were admitted with invasive lobular carcinoma
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(ILC) and in situ ductal carcinoma (ISDC) the presence of 3 HPV genotypes: HPV 16 in
respectively. 77.27% cases (17/22), HPV 33 in 13.64%

cases (3/22) and HPV 31 in 9.09% cases

Distribution of cases according to tumor sta : ,
g g?2/22). No case harboured double infection.
revealed the predominance of stage Il

reported in 69.05% of cases (29/42). StagesTihe BLAST analysis revealed more than 98%
and Il were reported in 9.52% (4/42) andof homology of obtained HPV DNA
21.43% (9/42) of cases respectivelysequences with several different strains of
Distribution of cases according to tumor gradéiPV16 (DQ448212.1, JN617890.1,
showed that 29.55% of cases have grade AF548831.1, KF921508.1, KU961844.1,
(13/44) and 70.45% have grade 1l (31/44). LC155223.1, HM596509.1), HPV31

(DQ448212.1) and HPV33 (DQ448213.1).
Immunohistochemistry analysis showed that

hormone receptors were positive in 32.61%bistribution of HPV according to clinico-
(15/46). The human epidermal growth factopathological features is reported in table 13.
receptor 2 (Her2) status was positive innterestingly, all men with BC were HPV
34.04% of the cases (16/47). Moreoverpositive and harbored the HPV 16 genotype
among the 47 cases, 19.15% triple negativlo statistically significant difference was
BC cases (9/47). found between HPV infection and breast
localization, histological subtype, clinical

HPV detection and genotyping VWDJH WXPRU JUDGH DQG

The presence of amplifiable DNA wasStatus (p>0.05).
confirmed for all 47 specimens by PCR based-

Distribution of HPV according to molecular

technique using primers for a fragment of
a gp Y subtypes is reported in table 14. Luminal A

lobin gene and therefore all DNA samples
g g P was the most predominant subtype and was

were adequate for further analysis. ,
reported in 21 cases. Among them, 57.14%

Nested PCR amplification of a conserved12/21) were HPV positive. Luminal B
region of the HPVL1 gene DNA with the Subtype was reported in 10 cases and only
consensus MY09/11 and GW&primers 33.33% of them were HPV positive (3/10).
revealed the presence of HPV DNA in 22 BCTNBC and Her2 enriched subtypes were
cases (46.81%). Molecular typing wasreported in 9 and 6 cases, respectively.
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difference between HPV infection andinterest, HPV16 was detected in all breast

molecular subtype pE0.39). Of particular molecular subtypes.

Table 13 Distribution of HPV status according to clinico-pathological features

HPV Types
HPV + HPV +
Total (N=25) (N=22) HPV16 HPV31 HPV33
~ P (N=17) (N=2) (N=3)
Age (N=47) 50 (33- 50 (25- 51 (34-74) 47 (25-70) 46 (40-51)
71) 74)
Gender
Females 43 25 18 13
Males 4 0 4 . 4 0
Side
Right 24 12 12 8 2 2
Left 13 7 6 0.41
Unknown 10 6 4 4 0 0
Histological subtypes
DCIS 4 3 1 1 0 0
IDC 37 18 19 0.47 14
ILC 6 4 2 2
Stage
I 4 4 0 0 0
Il 1 1
I 29 14 15 013 12 1 2
Unknown 5 3 2 2 0 0
Grade
Il 13 7 6 4 1 1
1 31 17 14 0.47 11
Unknown 3 1 2 2 0 0
Hormonal receptors
ER / PR positive 15 8 7 6 1 0
ER- and PR- 31 16 15 039 11 1 3
HER+ 16 10 6 5 0 1
HER- 31 15 16 017 12 2 2

DCIS, in situ ductal carcinoma; IDC, invasive ductal carcinoma; ILCagve lobular carcinoma;
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Table 14 Distribution of HPV status according to intrinsic molecular subypes

HPV Types
Total HPV =+ HPV + P HPV16 HPV31 HPV33
(N=17) (N=2) (N=3)
Luminal A 21 9 12 11 1 0
Luminal B 10 7 3 2 0 1
TNBC 9 5 4 0.39 2 1 1
Her 2 6 3 3 2 0 1
Unknown 1 1 0 0 0 0
VI.4 Discussion DNA quality, as well as genuine variation

across populations and disease subgroups. Of

The etiologic role of HPV in anogenital _ _ :
particular interest, the prevalence of HPV in

carcinoma development is widely studied and . )
P y BC cases was different between North African

well established, however its implication in _ _ _
countries; HPV was detected in 12.2% in

the development of BC is controversial and is . : 2
Algeria *! and 22.7% in Moroccd®, however

currently under debate. In Africa, few data are .
no HPV positive case was detected among

available regarding HPV prevalence in BC_ . . . 3 : .
Tunisian patients>. In Egypt, El-Shinawiet

cases and are limited to some North Africar}jI | 3

countries. To the best of our knowledge, this is
among BC cases (75.8%).
the first study conducted in Sub Saharan
country and was performed to evaluate the W V ZLGHO\ DFFHSWHG

association between HPV infection and BCepidemiological factors like country of origin

revealed a high prevalence of HPV

development in Rwanda. Overall, 46.81% ofind a history of HPV-induced diseases might
BC cases were HPV positive. Our results arplay an important role in the distribution of
in agreement with some reported studiesiPV in  BC. Furthermore, several
worldwide 2131539 pyt higher than the demographic characteristics such as poor
prevalence reported in some meta-analysesutrition, high fertility and lack of access to
ranging from 12 to 23%%%>% Difference in healthcare can explain the different rates of
HPV prevalence among BC cases could beIPV infection in BC, as well as in CC, and
due to the study setting but also to thgustify the high rate of HPV infection in
sensitivity of the molecular method used fordeveloping countries as compared to
HPV detection and genotyping, conditions ofdeveloped countrie®

VDPSOHVY FRQVHUYDWLRQ WKDW DIIHFW WKH +39
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Our results clearly showed that HPV16 is the, Q WKLV VWXG\ '1$ VHTXHQFH'
most predominant genotype among Rwandesevealed high homologies with previously

BC cases, present in 77.27% of HPV positiveubmitted sequences to GenBank database,

cases. These results are in agreement witbolated mainly from BC in Egypf and CC in

widely reported data. Indeed, previousMali, Congo Brazzaville, Kenya and Ir&f°,

reported studies clearly showed that manwighlighting a possible specific geographic
HR-HPVs, and some LR-HPVs, in BC casedocation of these genotypes.

and the most found HPV genotype was HPV
TKHUHTYY HYLGHQFH WKDW WKH

16 1213152231 The frequency of HPV16 L Q

. . . .isolated in Rwanda are similar to HPV
among HPV positive cases is substantially
. : . . reported in patients from other African and
identical between studies; 53.3% in Algetia
56% in Brazil ™, 66.6% in Mexico*®, and

69% in India®".

Middle Eastern countries, suggesting a
dynamic transmission of HPV between these
countries. However, a large study on more
In this study, we have found also HPV31 andamples is needed to corroborate this finding
33 in 4.25% and 6.38% of cases, respectiveland give more information on the possible role
HPV33 is the most prevalent genotype irof HPV infection on BC development.

Asian women®®, it was reported in many

o . Few studies have evaluated the relationship
studies in Middle East region and was reported

. . _ between the presence of HPV and prognostic
in 94.6 % of HPV positive cases in Turk&y

and 55.75% of HPV positive cases in Syfla

S
whereas the HPV 31 was less present and wa

. , and clinico-pathological parameters including
reported in 20% cases among Algerian women

. . N age, stage and gradf&*® In this study, results
with BC and in 7.07% of HPV positive cases

. .40 are in agreement with previously reported data
in Syria™. Of note, HPV 18 and 35, reported

. . . and no significant difference was found
in many studies are absent in Rwandese BC

between HPV gositive and negative cases. In
FDVHV 7KHUHYYVY HYLGHQFH WKDW +39 GLVWULEXWLRQ

contrast, it was suggested that sexual activity

factors of BC and results converge to a non

isqnificant correlation between HPV infection

present a significant interregional variation,

, L , .. iIs one of the risk factors of HPV-positive BC
and therefore HPV infection in patients with

- .development and the average age of women
BC appears to be similar to that observed in

ith HPV-positive BC is significantly younger
the cervix, which also depends on factors sucw P g y young

than women with HPV-negative BC*®.
as geographic, ethnic and racial differentes g
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The molecular classification of Rwandese BAHER2/neu receptor to induce breast

cases showed a predominance of luminal Aumorigenesis and metastadisIn this study,

group, followed by luminal B, TNBC and and despite the predominance of HPV16, no

Her2 groups. Our results are in agreemerdassociation was found between HPV infection

with previously reported data from different DQG +HU H[SUHVVLRQ LQGLFDWL
countries worldwide€®>%2 Hormonal factors evidence that HPV infection can affect the

are known to be involved in Dbreastrelationship between HER2/neu
carcinogenesis®® and the presence of aoverexpression and BC development.

hormone influenced virus in BCs is of special

. . : . Overall, this study is very informative: (i) it
interest. HPV is a hormone responsive virus,

. . gives evidence of the presence of HPV DNA
its long control region have hormone

) in BC cases with high frequency, (i) shows
responsive elements that appear to be g g y: (i)

. . . the predominance of HPV16 in all HPV
associated with enhanced replication in the

: ositive cases, (iii) highlights the absence of
presence of steroid hormon&s> Moreover, P (i) highlig

significant association  with clinico-
Brake and Lambert® have reported that g

: , gathological and immunological features,
oestrogens synergize with HR-HPV E6 and E

.. however, the main limitation of this study is
oncogenes to cause human CC, which is in

. : . ._the small sample size making difficult to draw
favour of a possible etiologic role of HPV in

" consistent conclusions and recommendations.
hormone receptor-positive BC.

: _— . Conclusions
In this study, no significant association was

found between HPV infection and hormonegc in Rwanda is mainly characterized by the
UHFHSWRUVY VWDWXV  7KHreddMiYaRde Ld? WVabiie dEcthMcarEimbia
HPV infection and ER expression isgnd |uminal A phenotype. HPV infection is

controversial. Ohbat al. *® have reported a high in BC cases, and mainly identifying high-
significant association between high ERyjsk oncogenic genotypes 16, 31 and 33, which
expression and HPV-related BC whereageserves further research into  the
other studies have reported no significangpigemiology and the natural history of HPV
associatiort** infection in similar groups of women in

Rwanda.
On the other hand, it was reported that HPV16

E6 and E7 onco-proteins cooperate with the
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VIl. General discussion

Recent advances BC research have led to extraordinary progress in our uadeisg of the
disease, resulting in more efficient and inclusive managertfénThe overallBC control
involves preventive, early detection, diagnosis, treatmend palliative care strategié% %
Although the control of modifiableBC risk factors could have an impact in reducing the
incidence, these strategies cannot eliminate the ma@rB¢Zs that develop in low- and middle-
income countries. Thus, early disease stage at detect@okeyg determinant dC outcome to

reduce théBC mortality and requires fewer resources to provide affecteatment®>*°

There are two strategies of early detection practic&Cinearly diagnosis and screening tests.
The early detection as the identification of early signd symptoms oBC at a point in its
natural history when it can be treated with techniques siscmammography, clinical breast
examination (CBE) and breast self-examination (BSE) whaescreening means the systematic
application of screening tests on individuals or populatiaithout any signs or symptoms of

BC in order to identify those who are more likely to develapdiseasé®’ 4%

Although those strategies are being widely used, they sodfiér from false negative and false
positive results leading to later diagnoses or unnapgsgsliow-up *°***° Improvement oBC
early detection may be possible through the identificattmd measurement of specific
biomarkers to define risks and identify the early stage®©fdevelopment, assist iBC
detection and diagnosis, verify stratification of pats for treatment, predict outcomes of the

BC, and help in surveillance f@C recurrencé™.

The contribution of molecular epidemiology through tlexvelopments of genomic technologies
have allowed the identification of both endogenous efhitary) and exogenous (chemical
substances and products of their metabolism, nutrientisjndectious agents) biomarkers that

can be used fdBC assessment at multiple levé&fs**2

In our project, we analyzed firstly endogenous factors: irdtergenetic factors (germline
mutations and SNPs) that have been studied in many populasomsrkers for susceptibility,
early diagnosis, therapy and progno$id Secondary, we studied exogenous factors: viral
infections that have been reported to be involved in prama@nd progression of many cancers

includingBC “***!> The obijectives of this project fit with the visionRfvandan government (i.e
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approved by RNEC) to develop necessary strategies in or@stablish and implement formal
national cancer control programme as defined by WH®@herefore, several initiatives centered
on prevention, diagnosis, treatment and palliative wane launched by the Ministry of Health
and partners. It is in this respect that four hospitalsidKiaisal Hospital, Rwanda Military
Hospital, University Teaching Hospital of Kigali, and BCCQigre selected to be part of the
pilot project of national programme for cancer c&r&®4!’

During the last decades, a number of genetic alterati@tould have utility for diagnosis and
prognosis have been identified in breast tumors. The igemealysis of known mutations in
genes associated witBC including BRCA1/2, p53, different kinases and phosphatases has
received great intere$t®*'® Such genetic markers have been reported to have an iompboth
cancer development and prognosis and are now commonly usie S and Europe as
biomarkers that predispose to cancer or alter treatrasponsé?#%2

About 5% to 10% oBC cases are identified to be inheritable through identiicabf genes
FODVVLILHGSHQWR BRCMNE&NIBRCA2 DQG 3PRAWHIHDQMMWVUDQFH™ JHC
(ATM, BARDJ BRIP], CDH1, TP53 NBN PALB2 PTEN STK1landCHEK2) according to the

BC risks they present**

In the present study the mutational statusCeéfEK2 gene has been assessed in Rwandese
population and the interest was focused on tlMd&K2variants (c.1100delC, p.R145W and
p.I157T) that have been described to affect protein funcfiSh Results clearly showed that
CHEK2 germline mutations were absent in both BC cases, amthwithout family history, and

in controls.

Conflicting results have been published in different populati@tsvated frequencies of the
CHEK2 ¢.1100delC variant have been noted in USA (1.2% for cases andf@x4%ntrols), in
UK (1.3% for cases and 0.3% for controls) and in The Nkthes (2.5% for cases and 1.2% for
controls) **%3 On the other hand, no contribution of CHEK2 ¢.1100delC nuutatd BC

425
n

susceptibility was reported in Moroccan populatidri?® in Tunisian populatiorf?®>, and in

Asian populationg??4%¢

Our findings confirm and consolidate the hypothesis otth&00delC frequency gradient from

Northern and Western populations to the MediterranedrSanthern populations which may be
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caused by a common founder mutation in North-West European North American
populations*?”*?® This hypothesis is supported by a CHEK2 ¢.1100delC mutationteepor
twice in South Africa and detected in white women coming ceytdrom Europe or North

America*?®.

This study did not analyze the association of CHEK2 geemimutations with clinico-
pathological characteristics as no mutation has beemdf However, besides the contribution to
BC susceptibility of CHEK2 mutations to BC, it has been reggbthat CHEK2 mutations may
influence the prognosis d@C where patients with CHEK2 ¢.1100delC mutation have a less
favourable prognosis and a lower grade cancer than non CldEKQ0delC case8®. de Bock

et al **° found also that CHEK2 c.1100delC mutation carriers might ba higher risk to

develop of distant metastasis.

It has been shown that the prevalence of CHEK2 c.1100dei@@reaamong patients with
bilateral was six times higher as compared to unila@€af*'. Although women wittBC have

an overall 3 to 4 fold increased risk to develop a new primargesan the opposite breast, it has
been suggested that ionizing radiation treatment might ek &actor forBC development in
CHEK?2 c.1100delC mutation carriefé>. Some studies have reported that mutations of CHEK?2
might be involved in response to therapy and have been i@ssbonith resistance to
anthracycline/mitomycin-containing chemotherapy and hathewn a better response to
neoadjuvant chemotherapy than are non-carffér§* Thus, CHEK2 has been proposed as a
good anticancer therapy target by inactivating pro-survival DEtRiges, such as DNA repair
and cell cycle arrest, or activating senescence, apsptos mitotic catastrophe programs
preferentially in cancer cellg*%143>

CHEK1/CHEK?2 inhibitors have entered clinical trials; specfieiEK2 inhibitors are under
?9,436-

Currently, only CHEKZ1-specific or dual-specificity

developmen

S$OWKRXJIK ZH GLG QRW IRXQG DQ\ &+ (. PWRWHD®WRQH QFKIL\R IC
mutation which can described as a rare event in Rwandan popudspecially in the era of
personalized medicine that providdse best response and highest safety margin to elnstiez

patient care. To date, for BC early diagnosis and padatiinics, the use of CHEK2 germline

mutations as BC susceptibility biomarker should not be rewmemded for routine use in

Rwanda. However, further studies exploring CHEK2 and edl@tenes are recommended for
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comprehensive and conclusive results both in BC patweitissfamilial history and in sporadic
BC cases.

Beside the study of CHEK2 germline mutations, we analyzedSiM®s that have been reported
to be involved iBC carcinogenesis and progression.

In addition to the already established high- and mod@@teirance genes fBC as cited
previously, novel low frequency risk variants for cancers lase been reported. However, it
remains unclear how much rare variants contribute td¢higability of BC “°. Few studies have
explored the biology and the contribution of comni®@ susceptibility SNPs in Sub Saharan
Africa **'.

Most GWAS-based associations have been established inrmvesfeulations. But it is known
that African populations are genetically more diverse tharmpean and Asian populatiotfs'

Thus, genetic studies in African populations have the patentidentify etiological variants in
fine-mapping studies as well as variants that are morenconand/or specific to risk in African
women?®, One GWAS in women of African ancestry has suggested tramon variants

associated witBC are distinct from those identified in European populatidh&*

TP53 gene harbors functional inherited SNPs that affect p53 Igignan cells, resulting in
differences in cancer risk and clinical outcome in humansong the p53 SNPs, p53 codon 72
is frequently studied™. The different alleles of p53 codon72 (either a prolp&8-codon72-Pro
or arginine, p53-codon72-Arg) were first reported in 1%8&nd the first study describing that

the two p53 isoforms are not functionally equivalent was puldligh@999'®

The p53 codon 72 has been widely study in different populatigimsconflicting results. The
polymorphic variants in the p53 gene associated withBigphenotype vary in patients with
different forms of cancer and patients of differeattial/ethnic background and genetic variation
160442443 T our best knowledge, only two studies exploring the éstsme of p53 codon 72 and
BC have been conducted in North Africa, Tunista**>and one study in Sub Sahara Africa,
Sudan**®. Thus, the analysis of p53 codon 72 @@ in Rwandese population seems to be
interesting to evaluate the involvement of this variarstub Saharan African countries and a step
in application of genomic medicine that can improweichl care through screening, diagnosis,

and treatment with genetic testing specifi@® in African population$*’.
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The results of our study showed no significant associat@s observed between BC cases and
controls for genotypes and allele distributions andhigterozygote genotype (Pro/Arg) prevails
in both groups. Large discrepancies exist in frequency llisioh between the regions where the
Pro/Arg genotype in Asian population was 50.1% and 48.0% (BCscasd controls
respectively), in North African population was 43.9% and 49.7% @@€es and controls
respectively), in Saudi population was 60.19% and 25% (BC caseatidls respectively), in
Iran 75.55% and 62% (BC cases and controls respectively). itowtere homozygote Arg/Arg
was predominant in America with 53.6% and 54.5%, and in Europebditt?% and 53.4%, in
BC cases and controls respectively and in Sudanese popuatikrg was predominant in BC

patients as compared to controls with an Odd ratio of 1951 Cl: 6.648.3,P<0.0001%2448*
450

Like CHEK2, the p53 SNP72 seems to be balanced by naturaliseldeto allele frequency
increases in a linear manner in multiple populations &g tkear the equator with around 60% in
African descents and H34% in Caucasian descents while the frequency of the ae all
increases with latitud&® %3, Interestingly, the pro allele was more frequent in $hisly among
both BC cases and healthy controls that showed a highlpree of this allele as compared to

the arg allele.

While studying the association between p53 SNP72 and tumor gratissagesany statistical
significant differenceamong differengenotypes was observed. HowevEP53mutations have
been associated with various tumor characteristics imgutlmor grade, stage, metastasis,
tumor progression, tumor prognosis and response to canagnérd with controversial findings
182 Although, there are limiting studies investigating the dasoa of p53 codon 72
polymorphism with clinic-pathological features and the imipaa cancer outcome, the
homozygous pro/pro in BC patients has been found more oitermgrade 1 tumors, whereas arg
carriers had more frequently grade 3 tumors. Indeed, thingrbomozygosity has been
associated with a higher frequency of lobul&t A study conducted in turkey has found a
significant association (p = 0.026) between the P53 codon @yéhotype distribution and
tumor stages of th&C, but no significant association was found with othetolpiathologic

features™
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During this research, the effect of p53 SNP72 in BC prognloas not been studied. But
several studies have tried to use p53 SNP72 as a pragfastor but the results remain
conflicting **°*"! Studies have reported that the patients with the Praj@rotype were less
sensitive to chemotherapy and had poorer survival thare tioth Arg/Arg or Arg/Pro
genotypes®. Pro/Pro genotype was less sensitive to anthracycline-tasstchent than those
with other variants’%. A significantly improved recurrence-free survival hasrbalso observed
in patients harboring the Pro72 allele when treated witloxden compared to no tamoxifen
suggesting thaBC patients lacking the Pro72 allele might be candidatestfar therapies. This
difference in distant recurrence free survival betweeattnent groups was not found in patients
homozygous for the Arg72 allef@>**¢ Bonafeet al. *°” have found that the retention of the
Arg72 allele was associated with reduction of both dise@sesurvival and overall survival in

Arg/Pro heterozygous patients.

Studies have been also suggested that patients carryingof@ &lele have slightly improved

local control with radiotherapy compared to Arg72 homotggobut no statistical difference

was observed®®**® Therefore, it has been suggested the use of SNPs as gemetictive
PDUNHUV IRU FOLQLFDO UDGLRWHG®VWLROK LRV DAP® HMR RH DD S\
after radiotherap§®.

While the selection of therapy f@C patients is mainly based on prognostic features, such as
hormone receptor status and HER2 stadfifs the use of rs1042522 variant a marker for
individualization of patient management by predicting respdnsanticancer therapy can be
proposed because a substantial proportion of patiefithetome resistant to therapies and

relapse'®#°

On the other hand, several studies have evaluated dut effthe p53 codon 72 polymorphism
on hormonal receptors and HER2 and no significant differe were found®*®"*"2 However,
Hamaguchiet al. *®* have found that patients with Pro allele of were morguieat in ER-
positive than ER-negatii@C, suggesting that this variant might be associated with@aesased

risk of BC in women with ER-positivé®**®> |t has been also suggested that ER positive patients
possessing the Pro allele had better distant recurreeeesurvival when randomized to
tamoxifen compared to those who did not receive tamoxifen, widl@ozygous Arg/Arg

patients did not’%.
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The influence of p53 SNP72 polymorphism BE prognosis depends on the long term analysis
RI SDWLHQWVY FOLQLFD® Ity ecaseRiz Ho@gicaVbéhaviaBeisO
characterized by a long natural history and late developrog metastases, long follow-up
periods are usually needed to efficiently evaluate prognfastiors of BC*’.

The TP53 SNP72 is thought to have direct implications foratran in human responses to
environmental stresses, risk of BC, and responsivendseitapies and its analysis of could be
potentially useful markef®® The definitive conclusion regarding the usefulness of aisabfs
this polymorphism as a biomarker should prompt serious coasime of its use in the routine
work-up of BC managemefit®. However, there is a need to perform large-scale studieg
multivariate analyses to confirm the use of this SNP aner atidependent TP53 SNPs that are
of most value*’®*"2 |nvestigations on TP53 SNP72, together with similar studiesttwer
known genetic variations, could be useful in clinical pcacin the prevention, early diagnosis

and better decisions for personalized treatment opti§i&*+"#

Among the main characteristics of tumor cells compareddonal cells is an increased
generation of ROS, a decreased capacity to eliminate ROSystheof ROS to stimulate
proliferation, invasion, migration and angiogenesis, threchmanisms to evade apoptosis and
resistance to cancer theraffy*’’. Several sources of ROS in cancer cells have beentedpor
(1) enhanced release of,Oand/or HO, from mitochondria; (2) production of /O and
subsequently kO, by activated NADPH oxidase (NOX) systems; (3) suppressiontimixatant
enzymes such as MnSOD, GPX1 and, in some cases, cataleseasy CuZnSOD has been
reported to be increased or decreased; (4) exposure to ROS aimflgmnonatory cytokines

released by inflammatory cells surrounding the tumorSpa(combination of those sourcé8

GPX1 is a selenoprotein that plays an important role irdétexification of peroxides in cells
and is considered as a major antioxidant enzyme withinGRX family *’°. It has been
suggested that high level expression of GPX1 could increasatiogidant capacity in one cell,
thus reducing intracellular oxidative stress. The apjatgpadjustment of GPX1 levels has been
considered as a significant factor in different stagesaoccinogenesis both in vitro and vivo

experiment§°4
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The aetiology oBC remains multifactorial and is currently partially undeecst. Among those
factors oxidative stress-induced DNA damage has been sugges$tedtritical for the initiation

and progression of B¢§2483

The role of GPX1 in tumor and its potential biomarker has betadied'®*% GPX1 was
reported to prevent oxidative DNA damage, thus preventing tgemesis. Overexpressed
GPX1 reduced growth of tumors indicates that it has a rbleh® protective effect in
tumorigenesis'’®>“# Nevertheless, GPX1 polymorphisms in a number of malignancycssibje
showed that they may be an important factor modifying oxidastress response which may
result in the altered ability to scavenge R8BS

Among 38 SNPs reported for tl&PX1 gene, theGPX1 Pro198Leu polymorphism has been
analyzed to evaluate its association and risk of cancelafevent in many populationls’. The
cytosineto-WK\PLQH &:7 VXEVWLWXWLRQ UV QH RWHVROEWKNLQG
codon 198 (nucleotide 594), and the frequency of the leu aliedeassociated with an increase

in the risk of various kinds of canc&f*®® Some studies have reported strong associatism’,
ZKHUHDV RWKHU VWXGLH tatt bS@awrrfEVHUYH DQ\ VLIQLI

Like many genetic variants, there is a significant ethiaigation in theGPX1 p.Pro198Leu
polymorphism andBC development. A study based on Afro-American women hastexpthat
this SNP may increase the risk only among African descent wétfieBut the contribution of
the GPX1p.Pro198Leu variant iBC patients from sub Saharan Africa remains unknown. Our
study showed no association betwé&&RX1 p.Pro198Leu polymorphism and BC development
among cases and control groups and no significant differesas found between Leu and Pro
alleles in both BC cases and controls. However, inptksent study, a strong association was
found betweerGPX1 p.Pro198Leu polymorphism and clinical stage where Pro/Leu gemoty
was significantly higher in stage Il as compared to sthgehile the Pro/Pro genotype prevails
suggesting a protective effect of Leu allele agaB&tdevelopment and progression. Similar

protective effect of Leu allele has been reported inym:ancers"'97'498

and has been explained
by the fact that patients carrying this variant havéebgtrognosis after cancer treatment as most

of the therapies are based on ROS generéation
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However, the diversified roles and of the individual GPXs mbkidficult to predict a general
influence on carcinogenesis and prognosis. Currently, Bn®mbers of GPXs have been
identified in humans, all capable of reducingCd and soluble fatty acid hydroperoxides,
although the functions of most of these proteins atecampletely known. A large number of
studies has demonstrated that GPXs have significant ro@si@er progression and resistance to
chemotherapy®°°t Whereas all GPXs tend to inhibit initiation and metastakey differ in
respect to tumor growth: GPX4 rather inhibits proliferation wi@RX2 supports it. Therefore,
GPXs will differentially affect carcinogenesis and, mogportantly, in a stage-specific manner.
In principle, the roles of different GPX members areathdy tumor and host tisst&.

GPX1 gene has been reported to serve as a molecular markeorfiloring cancer recurrence.
In fact, it has been suggested that the variant alletkeoGGPX1 gene is associated with longer
overall recurrence-free survival timé$. Furthermore, the loss of GPX1 expression has been

associated with aggressiveness and poor survival in patightgasiric cancet®

It is accepted that prooxidant processes in breast tissmeaamty linked to lipid peroxidation, as
mammary gland is profusely surrounded by adipose tissue. Témggtihg oxidative stress
markers has been proposed as a therapeutic approachcer tesatment, due to the fact that
generation of ROS as well as some products of lipid peroxidat@nimprove effectiveness of
the treatment by decreasing cancer progression and reducingedistgance®® Therefore, the
GLVHDVH SURJUHVVLRQ RU UHVSR®WH SW R WMAQMNDIW PIH@GAL YPLOG X
scavenge either lipid peroxidation products or reactiveispehat lead to lipid oxidation™.
GPX1rs1050450 polymorphism has been suggested to be used as a bidmatermine the
response to lipid peroxidation products (now recognized as apthdic target in cancer) in BC
patients and Pro/Pro genotype has been thought to be lessahlé to prooxidant effects of the
treatment due to a higher antioxidant response undemampent stress conditidfi’. In fact, this
assumption is shown by studies indicating that increased GRMdity was associated with

anticancer drug resistance.

The use of GPX1 as genetic marker for the detailed cliginalysis of cancer is becoming
increasingly important. However, GPX1 expression and actigitybe influenced by nutritional,

environmental, and genetic factors and the biologicateffef GPX1 may depend on cell type
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and cellular redox-status and the regulation of othep®dant enzymes and ROS-producing
enzymes that are express&if®®

Studies have suggested that GPX1 acts as a tumor suppressoretdt g€wvdevelopment but
that its anti-oxidant properties may be particularly iauto block the development of certain
subtypes of BC, and erythrocyte GPX1 (eGPX1) has the potefhticoming a biomarker for
BC risk In fact, it has been reported that Leu carriers fd0%9450 using hormone replacement
therapy (HRT) and who develop BC later in life, exhibitegdr pre-diagnostic eGPX1 activity
compared with control?. Thus, GPX1 can be used a suitable biomarker for oxidatiesssas

it is highly upregulated during oxidative stré&s

It is accepted that tumors with high-oxidative strestistare more aggressive and patients with
tumors showing a low GPX1 expression had more tumors stag)@# 2% Moreover it has
been reported that that high GPX-expressing tumors werdatedavith a shorter survival time
as in patients with prostate cané&while in patients with gastric cancer, low expressed GPX1
tumors were associated with aggressiveness and poor sufiivaanet al. >*° have reported
also that high GPX1 expressing tumors could be responsiblecigptatin resistance in
esophageal cancer. Similarly, it has been suggested to use GPxXInalecular marker for

monitoring bladder cancer recurreriég

High levels of GPX1 increase the antioxidant capacity in niampr cells. It has demonstrated
that the presence of these enzymes in neoplastic rnalsrepresent a low-grade response to
treatments that cause oxidative damage, such as radiotremdpvarious chemotherapeutics.
GPX1 activity has been directly implicated in sensitividychemotherapy and overexpression of
GPX1 in T47D breast carcinoma cells lines significantly increabed resistance to the

anthracycline, doxorubicirt™.

These findings are suggested to make GPX1 a potential predistiyer@gnostic marker faC
12 |ndeed, high expression of GPX1 was associated with a highaf mortality, upon

univaried and multivariate analysgs

Vibet et al.*** demonstrated that sensitization BE cells to doxorubicin by docosahexaenoic
acid (DHA) was associated with a marked decrease in GPX1. Tdsfication of GPX

response in the DHA supplemented group was associated withraase of tumor sensitivity to
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anthracyclines suggesting that the inhibition of GPX1 actietiyld be a major mechanism in
tumor sensitization to anthracyclines. Actually, tumogression during chemotherapy was

correlated to low GPX1 activity.

It has shown that GPX1 was highly expresse8@patients with a worse clinical outcome and
reduced overall survival who underwent chemotherapy andthadapy suggesting that GPX
has an important role in the progression of BC, espeaallg possible prognostic marker for

these patients and a candidate marker for predicting respphgatment in BC patients >

The observations discussed above display some irstensies between epidemiological studies
and between association studies carried out in diffep@pulations. The influence genetic
variants in selenoproteins on BC risk are influenced by @tiinby the study design, by the
molecular subtypes of BC tumors and by additional enviromahdactors. Thus, it is crucial to
take into consideration these different factors andr tipeitential mutual interactions to
understand the role of SNPs in selenoproteins in reladidCt aetiology and clinical outcome.
The findings of several studies on the role of GPX1 incea susceptibility and prevention
prognosis and response to therapy suggest the usefulnéss loibmarker to understand better
the mechanisms by which it contributes to development mdat outcome of BC. Therefore,
further studies are needed to elucidate the potential @lisignificance of GPX1 by increasing
both the sample size, by using multiple glutathione-aatetienzymes, and by including

clinico-pathological factors in the analysis.

As mentioned previously, for a better cancer managememtational cancer control programme
should integrate all components including prevention sfiegé”® Among exogenous factors
involved in carcinogenesis, infectious agents represent @pmtely 18% of cancers with 12%
corresponding to viral infections. Thus, infectious agem@y be one important preventable
cause of cancet'® Several viral mechanisms that lead to carcinogenesis Ieen proposed
suggesting that viruses can act as direct transformingisaged as triggering cofactors. The
most probable mechanism of carcinogenesis may involvardination of genetic alterations,
immune system dysfunctions, and viral infectidhs>'® Both DNA and RNA viruses are now
accepted to be capable of causing different types cancer iansuitihese include hepatitis B
virus, EBV, HPVs, human T-cell leukemia virus type | and hepatitis B anitu3, plus several

candidate human cancer virusét®t®
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In this study we evaluated the presence of HPV DNA in a sefisanoples obtained frol8C
cases in Rwanda to participate in the worldwide efforts nadesestigate the promoting role of
HPVs in BC development and prognosis. Over several different tgpé$PV that have been
identified, only some strains have been designated as defiritiman carcinogens and are
FRQVLGHUHG/ NuK LW KS.61 ¥nd HB®-18. They account for approximately 70% of
cervical and anal cancet§ 2 Although the association of HPV witbC is well established,
the involvement of the virus iBC is more controversial and most studies have focused t
research on the presence of HPV DNA in BC. However thereimp®rtant gaps in
evidencing the role of HPV persistence in the invasivenessCo?®8**2 Our results showed
that 46.81% ofBC cases were HPV positive with predominance HR-HPV16 (72%)
suggesting a potential involvement in BC carcinogenesisetinaining types were HPV 33 and
HPV 31. Previous studies have found similar types of HPV in B8owagh the results remain
conflicting #°2! The inconsistencies of findings about the associdt@ween HPV infection
and the risk of BC may be due to quality of HPV DNA can berdgstl and/or become
contaminated because of the use of paraffin-embedded tisstlee detection method, and to

geographic, ethnic and racial differené&s

Similar to our findings, several studies reported no $tally significant difference between the
presence of HPV and the prognostic factors of BC and wotiee predominance of the breast

tumors were luminal 823524

While it is known that HPV is transmitted through veneremgmissionit was suggested that
sexual activity is one of the risk factors of HPV-positim BC development. It is assumed that
HPV spread to multiple organs via the blood or lymphatic systémdhe exposure of the

mammary ducts to the external environment via the nigpé areolar tissue has been

proposed as an entry point for HPV infectin

The recognition of a viral etiology provides the opportuaityl rationale to develop preventive
measures to inhibit virus infection and thus reduce cancéteince®'’. Strategies to prevent
HPV andCC by using effective prophylactic vaccines (99% effectivepratventing the high-
grade cervical lesions) against HPV 16 and HPV 18 based on virus-likelgza(VLP) of
recombinant L1 that have been approved by the F9A The observations offer the possibility
of primary prevention of BC by vaccination against HR-HPV #mpresence of HPV might
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also provide a new target allowing individualized patient treatni&®°?! In fact, worst
prognosis was found in HR-HPV infected pre-therapeutic patiems wompared with LR-HPV
patients’’.

Furthermore, viruses have been proposed to be harnessexvébapproaches to cancer therapy.
In fact, one of envisioned approach is to use an oncoiytus that selectively infect and
replicate in cancer cells thereby killing them while spamogmal cells. Dying cells produce
neo-antigen that to trigger antitumor immune responses. Ywehere are limitations

associated with oncolytic therapy for immunocomprorhisatients?%°2°

More efforts are needed to assess the role of HPVrainogenesis, by characterizing additional
confounding and synergistic effects of carcinogenic factaus allowing the usefulness of viral
particles as clinical biomarkers both for effective prion and treatment strategies for .BC
Prevention measures f@C through HPV vaccination have been already used in Rwanite as
first low-income country in the world to launch an effee national HPV vaccine program
°30331 gimilar approaches can be applied in BC managementlafter scale and multivariate

studies on Rwandese pupulation.
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Conclusion and future directions

Over the last decades, the development of high-throughputmiyemnechnologies has allowed
multifactorial genetic discovery of markers related to aliserisk and management. Several
molecular signatures d8C have been identified and are now used in research andatlin
management. However, the challenge now is to integrate newatkers into clinical practice to
achieve tangible benefits f@dC patients.BC molecular biomarkers include risk assessment,
predisposition, screening, early diagnosis, prognosis attigbion of response to the treatment.
Besides the genetic biomarkers, environmental risk factoeckiding viral infection are
considered as potential powerful biomarkers of risk thatpr@mote molecular prevention of
BC. Moreover, the effectiveness of biomarkers relieshem role in precision and personalized

medicine.

In this project, we analyzed three geresBlEK2 TP53andGPX1 which have been described to
be involved in carcinogenesis and prognosisB@f in different populations. We have also
evaluated the presence of HPV DNA to participate in the wodlelwiforts made to investigate
the promoting role of HPVs iBBC development. The findings of this study revealed both
similarities and differences with reported results sugggdiie potential reliability of these

biomarkers and their specificity to Rwandese population.

The ideal BC marker should be both specific and sengiivdetect small tumors to allow early
diagnosis and/or help in screening, however, the curtenbrt markers are mostly useful in
evaluating therapeutic decision, progression of the disstatus after initial chemotherapy and

radiotherapy to monitor subsequent treatment strategies.

The use of effective biomarkers could enhance tertiaryepte®n through the reduction of
morbidity after diagnosis and improving overall survivalgas®lary prevention through early

detection of disease, and primary prevention as a riskemto reduce overaBC incidence.

Therefore, an improved understanding of these potentiahdrkers should provide promising
BC biomarkers for better stratification Rwandese populatiod allow a better design and
implementation of nationaBC program. In fact, one of the major limitations of peed@ed

medicine is the unique genomic profiling of each persorhaslterations in each gene occur
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with low incidence. Thus, large scale and integrated ostigdies are need to develop useful

biomarkers in prevention and clinical managemer©f
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