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Abstract

Significant advances have been made to understand the genetic basis of breast cancer.
High, moderate and low penetrance variants have been identified with inter-ethnic variability
in mutation frequency and spectrum. Genome wide association studies (GWAS) are widely
used to identify disease-associated SNPs. Understanding the functional impact of these
risk-SNPs will help the translation of GWAS findings into clinical interventions. Here we aim
to characterize the genetic patterns of high and moderate penetrance breast cancer suscep-
tibility genes and to assess the functional impact of non-coding SNPs. We analyzed
BRCA1/2, PTEN, STK11, TP53, ATM, BRIP1, CHEK2 and PALB2 genotype data obtained
from 135 healthy participants genotyped using Affymetrix Genome-Wide Human SNP-Array
6.0. Haplotype analysis was performed using Haploview.V4.2 and PHASE.V2.1. Population
structure and genetic differentiation were assessed using principal component analysis
(PCA) and fixation index (FST). Functional annotation was performed using In Silico web-
based tools including RegulomeDB and VARAdb. Haplotype analysis showed distinct LD
patterns with high levels of recombination and haplotype blocks of moderate to small size.
Our findings revealed also that the Tunisian population tends to have a mixed origin with
European, South Asian and Mexican footprints. Functional annotation allowed the selection
of 28 putative regulatory variants. Of special interest were BRCA1_ rs8176318 predicted to
alter the binding sites of a tumor suppressor miRNA hsa-miR-149 and PALB2_ rs120963
located in tumorigenesis-associated enhancer and predicted to strongly affect the binding of
P53. Significant differences in allele frequencies were observed with populations of African
and European ancestries for rs8176318 and rs120963 respectively. Our findings will help to
better understand the genetic basis of breast cancer by guiding upcoming genome wide
studies in the Tunisian population. Putative functional SNPs may be used to develop an
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efficient polygenic risk score to predict breast cancer risk leading to better disease preven-
tion and management.

Introduction

Breastancelis the mostcommonmalignancyamongwomenandthefirst leadingcauseof
cancerdeathin femalesvorldwide[1]. In Tunisia,it represent80%of all femalemalignancies,
with anincidenceof 30/10000@nakingit amajor public healthconcern[2, 3]. It isalsocharac-
terizedby an earlyageat diagnosisten yearsyoungerthanthat observedn westerncountries
[4, 5]. About 5+10%of all breasttancercaseganbeattributedto hereditaryfactorsandup to
30%of which aredueto germlinemutationsin /2 geneg6]. Otherlesdrequently
alteredgenespamely , and , havebeenalsofoundtoincreasereast
cancerrisk. Mutationsin thesegenesaccountfor approximatel\6%of the familial breastcan-
cerrisk[7, 8]. In addition, morefrequent,but lesgpenetrantgermlinemutationshavebeen
identifiedin familieswith breasicancerin genesuchas , , and [9].
Breastancerhasaheterogeneougeneticcomponent.Thefrequencyand spectrumof muta-
tionsin predisposingenes/arywidelyamongpopulations Somemutationsareobservedn
distinct populationsand othersareethnicspecificdueto potentialfoundereffect{10, 11]. This
interethnicvariability is highly influencedby the geneticbackgroundandthe geneticstructure
of agivenpopulationthat playanimportant role in diseassusceptibilitylndeed,geneticpat-
terns,including linkagedisequilibrium(LD) profiles,haplotypestructureandallelefrequen-
ciesdiffer from oneethnicgroupto another.Characterizinghesegeneticpatternsmayhelp
to decipherthe biologicalmechanism$&ehindbreasttancerdevelopmenf12].

Furthermore Genome-widessociatiorstudie GWAS)havesuccessfullynappedthou-
sand=f loci associatetvith complexhumandiseaseand phenotypesncluding breastcancer
[13,14]. Sofar, morethan 170commongeneticvariantsassociatedith breastcancerrisk
havebeenidentified. Thesecommonvariantsaccountfor about18%of the familial relative
risk [14].

To translateGWASfindingsinto biologicalinsightstowardsclinical applicationsit is cru-
cialto understandhe functionalimpactof diseaseisk SNPsThesdatter,oftenlie in non-
codingregions presumablyn regulatoryregions suchasdistalenhancersranscriptionfactor
(TF) binding sitesandaccessiblehromatinregions[15].

Variousstudieshaveshownthat disease-associatedriantswereconsiderablyenrichedin
regulatoryelementshatarewidely spreadacrosshe humangenomelndeed,severaVvariants
for instancers119858@locatedupstreanMIR137HG),rs4442975 and
rs117480515 havebeenfoundto affectthe TF binding sitesandto regulategene
expressionil5]. It wasdemonstratedilsothatrs4442975yhichis associatewith breastcan-
cer,disruptstherecruitmentof FOXAlandinteractswith the promoter[16]. An
increasinghumberof studieshavealsoshownthat geneticvariationslocatedwithin the 3'UTR
regionmaydisruptexistingor createnewmiRNA binding siteswhich promotediseaselevel-
opmentandcancerpathogenesigL7].

To this end,andto improveour knowledgeon the genetichackgroundandpredisposition
to breastcanceiin the Tunisianpopulationwe haveusedgenotypedataof 135healthyTuni-
sianindividualsto characteriz¢he geneticpatternsof highandmoderatepenetrancédoreast
cancersusceptibilitygenesindto assesthe functionalimpactof non-codingSNPddentified
within thesegenes.
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Materials and methods
Studiedpopulation

Thestudycohortcomprisedatotal of 135healthyindividuals(103menand 32women)origi-
natingfrom distinct regionsof Tunisia.No evidenceof personabr family history of breastor
othermalignanciehavebeendetectedn thesefamilies.Indeed,adetailedfamily history ques-
tionnairewasconductedn orderto collectmedicalinformation (cancerandgeneticdiseases)
of allfamily membersancluding first, second-andthird-degreerelativesor anyotherfamily
memberwith personahistory of cancer Accordingly,only subjectaith no family history of
cancemwereselected.

Written informed consentwasobtainedfrom all subjectsrior to specimercollection.This
studywasconductedn accordancevith the ethicalstandardf Helsinkideclarationand
approvedy the biomedicalethicscommitteeof Institut Pasteude Tunis (Tunis, Tunisia-Reg-
istrationnumbers,PV09/06IRB#0,000,000,044).

Genotypingdataanalysisand SNPselection

Genotypingdataof high and moderatepenetrancéoreastcancersusceptibilitygeneselativeto
135healthyparticipantspreviouslyinvestigatedising Affymetrix Genome-WideHuman SNP
Array 6.0[18]. wereanalyzedSNPsetectedn eachgeneof interestnamely ,

, , , , and aswell asthoseflanking 50kbon eitherside,
coveringthe surroundingregulatoryregions wereextractedusingPLINK version1.9[19].
Variantsdeviatingfrom the Hardy-Weinbergequilibrium (HW p-valuecutoff<10 4) and
with lessthan 75%of genotypedatawereexcludedA total of 387variantswereconsideredor
further analysisGenotypedata,coveringthe selecte SNPspf individualsfrom 8 distinct pop-
ulationsof the 1000genomegprojectPhasdll weredownloaded20]. usingthe DataSlicer
ensembl'sool (https://www.ensembl.org/Homasapiens/Tools/DataSliceMhe8 investigated
populationsarethefollowings:Utah Resident$CEPH)with Northern andWesternEuropean
Ancestry(CEU),Han Chinesdn Beijing,China(CHB), Gujaratilndian from Houston, Texas
(GIH), Japanesim Tokyo,Japar(JPT),Luhyain WebuyeKenya(LWK), MexicanAncestry
from LosAngeledUSA(MXL), Toscanin Italia (TSI), Yorubain Ibadan,Nigeria(YRI).

Haplotype analysis

Haploviewversiond.2wasusedfor the analysif LD patternsand haplotypeblocksaswell as
for the detectionof taggingSNPshasen the genotypedataof the 135healthyTunisiansub-
jects.LD blocksweredefinedaccordingto the haplotypeblock definition of Gabrielwhich
definesapair of SNPg0 bein 2strongLDP if the one-sidedupper95%confidenceboundon
D'is>0.98 andthelowerboundisabove).7[21].

In eachsamplethe genotypdrequenciesor eachSNPwerecheckedor consistency
betweerthe observedialuesandthoseexpectedrom Hardy-Weinbergequilibrium usingthe
samesoftwareWe usedthe programPHASEversion2.1in orderto estimatehaplotypeglistri-
bution of and genesusinggenotypedataof taggingSNPsPHASEImplements
aBayesiarstatisticaimethodfor reconstructinghaplotypesgrom populationgenotypedata
[22,23]. Theresultinghaplotypesn additionto thoseof 8 populations(CEU,CHB, GIH, JPT,
LWK, MXL, TSland YRI) of the 1000genomegproject(constructedusingPHASE2. 1vere
alignedwith MEGA version7 [24]. Thesehaplotypesverethenusedto constructa haplotype
networkusingNetwork software5.0.0.1(http://www.fluxus-engineéng.com/netwinfo.htm)
in orderto assesmtrapopulationvariabilityin haplotypedistribution. Only haplotypesaving
frequency>1% wereconsideredor the HaplotypeNetwork analysis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0265638 March 25, 2022 3/17


https://www.ensembl.org/Homo_sapiens/Tools/DataSlicer
http://www.fluxus-engineering.com/netwinfo.htm
https://doi.org/10.1371/journal.pone.0265638

PLOS ONE

Analysis of breast cancer high and moderate penetrance susceptibility genes in the Tunisian population

Population structure and geneticdiversity analysis

Populationstructureand geneticdifferentiationwereevaluatedisingprincipal component
analysigPCA) andfixation index (FST).

PCAwasperformedusingthetoolsetPlink1.9.Thetwo first PCAswerethen plottedusing
theggplot2R packagg§25]. When performing PCAanalysionly SNPswith the following cri-
teriawereconsideredHWE p-value> 0.0001haveagenotypingcallrateof greaterthan 95%,
MAF 0.05, andr2 < 0.6.FST-valuesverecalculatedisingPlink1.9basedn the methodof
Weir and Cockerhan19]. FST-valuesangefrom 0to 1.High Fstimpliesaconsiderable
degreeof differentiationamongpopulationswhile valuesearQ indicatelittle genetic
subdivision.

Functional effectprediction

To predictthe functionalimpactof the studiedSNPsandto identify functionalvariantsthat
couldcontributeto diseaseisk, several I predictiontoolshavebeenused.Sincemostof
thevariationscoveredoy SNParraysarenon-coding,wehaveusedtoolsand databasegrovid-
ing annotationinformation on non-codingSNPs.

To prioritize variations we haveproceededsfollows:1) RegulomeDBadatabasé¢hat
annotatesSNPswith known and predictedregulatoryelementsn theintergenicregionsof the
H. sapiengenomewasusedto analyzehe regulatoryeffectsof noncodingvariants[26].

2) ToprankedSNP9RegulomeDBscore= 1) weretheninvestigatedisingthe GTExportal
to evaluatehe associatiorof potentialfunctional variantswith geneexpressiorin breastmam-
marytissug[27] 3) SNPnexu$28] and VARAdD [15] databasewereusedto annotatevaria-
tionsandto retrieveregulatoryfeatureof the investigatedSNPswvhile SNPinfowebserver
wasusedto predictthe potentialmiRNA binding sites(https://snpinfo.niehs.nityov/cgi-bin/
snpinfo/snpfunc.cgi).

Statisticalanalysis

Comparisorof allelefrequencie®f the candidateSNPsvasperformedusingChi-squareest
with onedegreeof freedom.Bonferroni'sadjustmentsvereappliedfor the selectedSNPsand
ap-value<0.05wasconsideredstatisticallysignificant.

mMiRNAs pathwaysinvestigation

We determinedthe pathwayghat areregulatedoy miRNA usingmiR+Pathway(http://mwww.
insect-genome.com/miR-platvay)that provideinformation regardingmiRNA-target
interactions.

Results

In the currentstudy,wehaveassessdihkagedisequilibriumand haplotypediversitywithin
high andmoderatepenetrancéreasttancersusceptibilitygenesn the Tunisianpopulation
throughthe analysiof 387SNPddentifiedin , , , , ,

, and genes.

We havealsoinvestigatedhe functionalimpactof the identified SNPsand selectegbutative
functionalvariantsthat maycontributeto diseassusceptibilitylnterpopulationvariability
betweerthe Tunisianpopulationand 8 otherdistinct populationsof the 1000genomeproject
wasalsoassessed.
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Haplotype analysis

Haplotypeanalysisvasperformedfor eachgeneof interest.LinkageDisequilibrium (LD) pro-
filesand haplotypestructurewithin the Tunisianpopulationandthoseof the 1000genomes
projectareillustratedin Fig 1.In the Tunisianpopulation,haplotypeanalysisevealedigh
levelsof recombinationacrosgheinvestigatedyeneslin fact,mostof the variationsshowlow
levelsof LD andhaplotypeblocksaremediumto smallseparatedby recombinationhotspots
regions.Thesmallesblockswereobservedn , and genesn favor
of higherrecombinationratesin thesegenesomparedo the others. Whencomparinghaplo-
typestructureof the characterize@thnicitieswenotethat the Tunisianpopulationtendsto
havel D patternscomparableo that observedn populationswith African ancestriesamely
Yorubain Ibadan,Nigeriaand Luhyain Webuye Kenya.However the Tunisianpopulation
seemso havesmallerhaplotypeblockscomparedo all the otherworldwidepopulationsand
thiscanbeclearlyobservedn and genesParticularlyfor gene,
LD patternsandhaplotypeblocksaremorelikely similar to thoseobservedn Americanpopu-
lation with MexicanAncestry.To assesthe geneticdiversityof the Tunisianpopulationwe

Fig 1. LD patternsand haplotypestructure of high and moderatepenetran@ breastcancersusceptibility genesn the Tunisian population and 8
populations of the 1000genomesproject. LD blockswereconstructel usingHaploviewprogramversion4.2.In eachboxtheintensityof the shadow
representsheincreasingstrengthof LD. White blankboxesepresentackof LD while dark boxessignifystrongLD patternsTaggingSNPsare

highlightedin bold.

https://doi.0g/10.1371§urnal.pon®265638.9g001
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Fig 2. Median-joining haplotype network for BRCA1(A) and BRCA2(B) gene.Thesizef thecirclesare
proportionalto haplotypefrequencyandeachcolor referto adistinct population.

https://abi.org/10.1371durnal.por.0265638.902

havebuilt ahaplotypenetworkfor the major susceptibilitygenes and . Haplo-
typesusedto constructthe networkaregivenin S1Table.
Forthe geneatotal of 29haplotypesvereanalyzedThe H1 haplotypewasthe

mostcommon(n = 511)occurringin all analyzecgopulationsexcepthatfrom Yorubain Iba-
dan(Fig 2). ThesecondnostcommonhaplotypewasH2 (n = 252)andwasobservedicross
all populationsincludedin this study.As shownin Fig 2 all haplotypesdentifiedin the Tuni-
sianpopulationaresharedwith morethanoneother population.Threehaplotypesiamely
H17,H21,andH25 arespecificto thosewith African ancestryTUN-LWK-YRI. Regarding
gene 87 haplotypesverestudied.The mostfrequenthaplotypewasH29found in 4

populationsCHB, GIH, JPTand MXL. HaplotypedH1, H3, H4, and H6 werefound to bespe-
cific to the Tunisianpopulation.

Furthermore wehavecalculatedallelefrequenciesand definedhaplotypetaggingSNPs
(htSNPsY¥or eachgeneof interest(S2and S3Tables).

Population structure and geneticdiversity analysis

To further investigatehe genetiadiversityof the Tunisianpopulationandto assests genetic
ancestrya PCAwasperformed.Thislatter showedhatthe Tunisianpopulationis clustered
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Fig 3. Principal componentanalysisof high and moderatepenetrane susceptiblity genesThefirst two principal
componets (PCs)areplottedandcolouredaccordingto populationancestry.

https://abi.org/10.1371durnal.por.0265638.908

with populationsof European(CEU & TSI), SouthAsian(GIH), and MexicanancestryMXL)
(Fig 3). Theplot alsoclearlyrevealghat populationsof African ancestrLWK and YRI) are
distinguishedrom non-African populationsandform adistinct cluster.

Furthermore weusedWright's fixation index Fstto evaluatehe geneticdivergenceamong
Tunisianandthe other8 worldwidepopulations(S1Appendix).Fstvaluegangedfrom 0to
0.496 Thehighestlevelsof differentiationwereencounteredn comparisorwith populations
of African (YRI = 0.442& LWK = 0.426)and EastAsian(JPT= 0.469& CHB = 0.364)ethnic-
ity. Theseresultssupportthe findings of the PCAandindicatethat the genetichackgroundof
the Tunisianpopulationis closerto that of populationswith non-African ancestry.

Functional annotation

Thevastmajority of SNPscharacterizedrom genotypingdataarelocalizedn untranslated
regions.Giventhat non-codingelementsanhavediverserolesin theregulationof protein-
codinggeneswe performedfunctionalannotationusingRegulomeDRBo identify potential
functionalvariants RegulomeDRisesascoringsystemnto classifyariations.Lowerscores
indicateincreasingevidencdor avariantto belocatedn afunctionalregion[26]. To prioritize
candidatefunctionalvariantsonly top rankedonesthosebelongingto categoryl, werecon-
sideredfor further analysisThesevariationsarelikely to affectbinding andarelinked to the
expressiorevelof atargetgene TheseéSNPswerethenexploredin the GTExdatabaseo eval-
uatetheir associatiorwith geneexpressiornin breastmammarytissue Additional regulatory
featuresverealsoassessaasingSNPNexusyARAdb and SNPinfoweb-basedools.A total
of 28 potentiallyfunctional SNPswith supportingevidenceof regulatoryfunctionswere
selecteqTablel).

In the genep putativefunctionalvariantsweredetected Tablel). All thesevaria-
tionsareassociatewith theexpressioevelsof , anonzproteincodinggenethatresides
adjacento . Furthermore the 3 first SNPHrs1043284rs227153%s1567832)vere
locatedin typicalenhancer&indamongthesevariantsrs227153%esin H3K4me3histone
modificationregion.We havealsofound thatrs8176318etsn anopenchromatinregion
whilers479319Waslocatedin enhancersargeting , " and # genes.
Additional $ ! analysishowedhatrs1043284;5s10840rs817631&repredictedto alter

PLOS ONE | https://doi.org/10.1371/journal.pone.0265638 March 25, 2022 7117



Analysis of breast cancer high and moderate penetrance susceptibility genes in the Tunisian population

PLOS ONE

( 2+ 1Ti)

3gOoN3I)enssnwnyayudasealg usiaoueyualadns upajeao

auab |\ vbunabireyadueyyseleldosse-1aduedsealq upaleso

(erepaa0ONIPenssHWNBYNdESEaIq UIpUE
(erep v9 1) siownjsealq uisuolbaiunewoiyouado upayeso

(erep
s110auedyIublS ON

u—
-

T182S.G8!
(erepjLOuedUR)SIOWN)

1sealq uf5/5000°0 =anjea-duoissaldxa # YUAPaeID0SSY

(ere@aueyugaseasiq)

s11038uedyIubIS ON

u—
-

€10422S!
(erep1LOUBOURL[ZIE000"0 =aN[eA

.vaLoEJﬁwmw‘_Q C:O_www‘_nxm YlIMPB]BI00SSY IT T6G82¢ZS!
(epueyiw)dg-89,
-YIW-esyg9/ -HIW-esyrZe T-HIW-BSUE0E T-HIW-esY G9Z T
-4IW-BSHGGZ T-HIW-BStPSGZ T-HIW-estig-4z2 T-Hiw-esy sT1LO3uedBIubIS ON er | T#S0SOTS!
(epueyiwp, G-Hiw-esy (£20000°0 =anrea-d) JT | 0¥S0S0TS!
(erep]LOURIURY)SIOWN}
1sealq u(90-299°c =anjea-dyoissaldxa " Q/i UNAPIIRIDOSSY
(erepdewpeoy 3Q0ON3) Hew
£3WpMEH Ynmsuonesyipowsuolsly yumsuolBial uipue(erep
3A0ONIensspwniByidasealq usisoueyuaIadns upareso (8T-aT°T=0NRA-d) " Qi PT 88¥¢Ts!
(erep1LOUBOURLIITTO00 0 =8NjeA
-d)slownysealq uuoissaidxassuab YNIARIRID0SSY s71.L.O8wedyiubis oN qT | €/286/S!
(erepaa0OONIeNssHWNBYNdESEaIq UIpUe
(erep v9D1)siownjsealq uisuolfaiunewoiyouado upayeso]
(ereplewpeoy®3A0OONI) Hew
£3WpMEH Ynmsuonesyipowsuolsly ynmsuolBal uipue(erep
3a0ON3eNssiwNiRyNdasealq usiaoueyUS edIdA} Uparedo s71O8uedyIubis ON JT| Leg90zs!
(erep v9D1)siownjsealq uisuolfaiunewoiyouado upayedo]
(erepdewpeoy 3A0ON3I) Hew
£3WpMEH YImsuonesyipowsuolsly ynmsuolBal uipue(erep
m_DOOZm_v®3mw_ur:3__w5_am_mmw5 :ﬁwo:dccw_mo_ab upalednT mn_._.OwEmnv_v__:m_w ON 1T 9€€90¢s!
(ereadweswouabida | (2T10000°0 =anfeA-d) zaNd (8-29'Z =anjea
LzTdewpeoy)s|j@0 ArewdelayndaoAnisealg usausb -d)}yS8000NIT(8-9T T =anfea-d)
¢ ¢ ¢ Punablresiaoueyus uparedo] | 9'€zZr66TE-ALTI(9-9T T =anjea-d)zdaN IT | L6TEBLYSI
(9700000 =2njea-d) L RN
(196ueS)G-0rG-Hi-NWw: (epueyiw)6E9-Hiw (evep3a0ON3)s|e2 Arewnd ul % . ® % % -k
-esUyyG-HIW-esuGrE-HIW-esuey T-Hiw-estg8TT-HiWw-esy | pue|flrewwew Joise|qoiqy uisuolfialuewolyousdo upayeso %) : % -+ «(%) IT | 8T€9.18S!
(196ueSHG-8991-HIW-NWWdG-0991-Hiw
-NWWdG-q99p-HiW-NwWw ‘dGegapy-Hiw-nww (epueyiw)
©Z68-HIW-esyge99-HIW-esiyyG-HIW-esy, 05-HIW-esy (2T00000°0 =2n[eA
‘dG-00Gy-HIW-esteosy-Hiw-esyqee-diw-estese-yiw-esy -d)geldl s (%) T 0v80TS!
(€20000°0 =an[eA
-dyS800ONIT ¢ 7 -+ x(
(erep %) # (% -+ (%)
3Q0ON3IeNssHwNiRYNdasealq usiaoueyUS edIdA) UparedoT S ® % ‘(LT-92'T =8njea-d) PT | Z€8.9GTS!
(erepdewpeoy®3A0ONI) Hew (5200000 =an[eA
€3WpMEH Ynmsuoneoyipowsuolsly yumsuolbal uipue(erep -d)»S800ONI(LT00000°0 =anfea-d)
3A0oNIensspwniByudaiseslq usieoueyuaedldAl uperedo | 9'€Zr66TE-A.L3(02-9T T =anfea-d) T | 6€ST.L2ES!
(epuedIWBS9-Hiw-esydG-9GG-HIW-esy qe TS (erep (2-9€°6 =dNn[eA
-diw-estdg-egTg-Hiw-estpozz-Jiw-esyrzeT-diw-esy | 3a0JNIensspwnipyidaseslq usisoueyuaedldAl upsreso -d) pu¥TE0000°0 =8aN[eA-d) PT | ¥82E¥0TSI
91025
salIs Buipuig YN YW paiaye aneind sainjeajhiore|nbay anssi Arewwe-1sealg ui1Oa-x319 | ggawolnbay aisyd| auso

‘saualb Aljigndaosnsiaoueoisealq @uensuadarelspow pue ybiy ul paunuapsdNS feuonosuniaaieing ‘Ta|qel

8/17

PLOS ONE | https://doi.org/10.1371/journal.pone.0265638 March 25, 2022



Analysis of breast cancer high and moderate penetrance susceptibility genes in the Tunisian population

PLOS ONE

(epueyiw)
q0Zz-diw-esy/ 6T-HIW-estn9z T-HIW-estoez T-HiW-esy

(epuediw)oT9
-diw-esyds-965-Hiw-esygez-diw-este-egz T-yiw-esy

(esegie])
de-eTg8T-yiw-esy (epuedIwdie-80G-HIW-BSU9E T-HIW-esy

sals Buipuig YNYIW palaie aanreInd

(erep1LOueOURY)SIowN)sealq uuoissaIdXTT-9G8°G =anfen
-d) GNLOAPUYTOTO00 =aNfeA-d)290D YIMpaeIo0ssy
(erepseasiqua)aoueypareldosse-sisauabliown) upaleso
(erep1LOuedURd)SIowNnlsealq uuoissaldxdz-989 T =anfen
-d) SNLOAPUE90-apy v =anjen-d)LO0D YNApareloossy
(erepseasiqua)yaoueyPIRID0SSE-SISaUablIoWN) UPaReIo]
(erep]LOuUeOURY)SIowN)Sealq uuoissaldxd/ Z-a£€"/ =anfen
-d) SNLOAPU¥S0-a9¢ ¢ =anjer-d)LO0D YIAparelossy
(erepseasiqu3)yaoueypareloosse-sisauabliown) upayedo
(erep]LOuUeBIURY)SIOWN]

1sealq uuoissaldxd8T-a18 7 =anfen-d) GNLDQ YIAPaIeIdossy
(erepseasiqu3)yaoueypaie|oosse-sisauabliown) upayedo
(ereplLOuedURd)SIownlsealq uuoissaldxdy -9/ L =anfen
-d) GNLOAPu¥G-2. T2 =onjea-d) UNAR3IBIDOSSY
(erepseasiqu3)i@oueyPa1eIo0SSe-SISauabliown) upayedo
(eremadweswouabida; zdewpeoy)

slia0 Arewudrelayidaoiinisealg ul §' ‘e Tx
' to# foH ¢ Bunabresiadueyus upaledo]
(erep1LOuedURd)

siownpsealq uuoissaldxasaualeT-9z'8) SNLOAPUe (0T
-9T¥'6) 290D UHAPSTRI0SSY: (B1ep I0N-A0ONIPdgIDo pue
€1V1S'€5d 15413y} jo BuipuigaypoasyeA|buons opajoipaid
(evepdewpeoy ®3A0INT) HRWEBWHNEH UM
ansspwnijpyidaisealq uisuonealipowsauolsy yumsuoibial ul
pue(erepseasiqul)iaoueypareldosse-sisauabliown) upayedo

(erep11LOueOUR-) SIownjsealq usauaff9-a8T 6 =anjea

-d) GNLDapud90-a'9 =anjea-d) UNAP3]RID0SSY
(dewpeoy®3A0INI) HEWESWHHIEH UM
anssnwnipyudaisealq uisuolesyipowsauolsly Yimsuolbal ul
pue(elepseasiqu)iaoueypaleldosse-sisauabliown) upayedo
(erep1LOueOURY)SIowN)sealq uuoissaldxd90-a10°' T =anfen
-d) pu¥g0-a€0'y =onfea-d) UNAP3IBID0SSY
elepseasiqul)isoueypareloosse-sisauabiiown) upayeso]
(erepyLOuBOUR) SI0WN)SeaIq UsaUSl/0-8/ 7 =anjeA

-d) pu¥g0-968° L =anfea-d) UNApereI00SsY
(erepseasiqu3)oueyPaIRI00SSE-SISaUabliown) Upayedo
(evep

71LOUBdURY)SIoWNRSealq UUoISSaIdX&ausf{ZT-a€T T =anjen
-d) pu¥e0-9.8'T =anfea-d) UNApSIReI00SSY
(erepseasiqu3)youeyPIRID0SSE-SISaUablIowWwN) UPayeIo
(erepyLOuUBOUR) SIOWN)SLaIq USBUBRZT-9€ T =anjen

-d) pu¥e0-962°G =anfen-d) UNApSIeI00SSY
(erepseasiqu3yaoueyPIRID0SSE-SISaUablIowN) Upayedo]
(erep yoD 1) siownysealq uisuolbaiunewoiyduado upayedo
(erepseasiqua)adueypareldosse-sisauabliown) upaleso
(ereprLOUROUR) SIOWNSLaIq UUOISSaIdXHQT-9yG i =anjen
-d) pug§0-25'g =onfea-d) UNARR)RIO0SSY
(erepseasiqu3)yaoueyPaIeIo0SSe-SISauabliown) upayedo

sainyeajhioreinbay

T00Y'8£959z@uod TeuIngT /£ 0T/60"10p//:sdny

T -+ (%)

. -l
%) ‘(Le-ap'€ =dnjea-d)

(7¥0000°0 =dn[eA
-d) % -+ 1(%)

(eT-92°¢ =dnea-d)

%' -+ «(%)

%" - '+ *A
%) o -+ x(%)
% % -+ x(%)
- «A
%) '(6-99'2 =an(en-d)

%' -+ £(%)

(580000070 =an[eA
-dgsyv(6-91°€ =anjea-d) GNLOA

(21-92°9 =aNn[EA
-d) {(eT-99'T =anfen-d)

(9T-0€"€ =anjen

-d) (T-98'T =anfen-d)
(e1-91'Z =dN[EA

-d) {(9T-aT'T =anjea-d)
(29000000 =anrea
-d) % % - s

%) "% -+ «(%)

anssn Arewwep-isealg ui1O9-x319

iT 99/9¢sl
it Ge9G€es)
iT 09.9¢s4

JT | CT8EV08S)

T | 6Sc0cys!

T | €960cTs!

qT | 8T908€ESs!

T | Svl9cvs!

T | ¥686SYSI

PT | ¥SeSTs!

it 0T9TS4

iT | ¥29.6¥9S!

T PEYCrITTS)

21005
gqgawo|nbay aisd| eueo

(penunuoD) ‘Telgel

9/17

PLOS ONE | https://doi.org/10.1371/journal.pone.0265638 March 25, 2022



PLOS ONE

Analysis of breast cancer high and moderate penetrance susceptibility genes in the Tunisian population

thebinding sitesof severamiRNAsincluding hsa-miR-149hsa-miR-544ndhsa-miR-639.
For 3 candidatevariantswereselectechamelyrs206336rs20633andrs798273.
rs20633@&ndrs20633%verelocatedin typicalenhancersn accessiblehromatinregionsand
lie alsoin the H3K4me3histonemodificationregion.For ,  rs12488vasassociatedith
theexpressionevelsof /0. in both breastmammarytissueandbreastumors.It alsosets
in superenhancergndin chromatinregionswith H3K4me3mark.

Considering geneys105054@vaspredictedto alterthe binding sitesof hsa-miR-579
whilers105054eemso affectthe binding sitesof 8 distinct miRNAssuchashsa-miR-1224-
5pandhsa-miR-1265-or the geners22859vasfoundto beassociateaith
expressionn breastumors(p-value= 0.000362andrs227073vaslocatedin breastcancer-
associateénhancetargeting geneln 13candidatgunctionalvariantswere
selecteqTablel). Thesdatterwereassociatewith geneexpressiorof andwere
locatedin tumorigenesis-associatetihancers.

_rs6497674 waslocatedin openchromatinregionswhereass380618vaslocatedin
chromatinregionswith H3K4me3mark. Interestingly rs120963vaslocatedin atumorigene-
sis-associateeinhancerassociatewith histonemark H3K4me3andwaspredictedto strongly
affectthe binding of 3TFsTP53,STAT3and CEBPGIt wasalsolocatedin enhancersarget-
ing # # , and genes.

Allele frequencycomparisonbetweendifferent ethnic groups

Thepairwisecomparisorof allelefrequencie®f the candidateSNP<etweerthe Tunisian
populationandthoseof the 1000genomegrojectrevealedignificantdifferencesn allelefre-
quenciesitherwith Africans,EuropeansAmericanspr Asians(S4Table).Takingthe exam-
plesof rs1043284ndrs10840n the genesignificantdifferencesvereobservedvith
all populationsexcepthosefrom EuropearancestryNeverthelesgpr geneallelefre-
quenciefrs11642434s120963(s420259%s26760rs3563mndrs26766veresignificantly
differentfrom thoseobservedn Europearethnicpopulations Moreover,comparedo Afri-
canpopulationssignificantdifferencesn allelefrequenciesverefound for rs2271539,

rs1567832s8176318s479319th rs105054in , rs5752811 and
rs459894rs426745s120963n gene Furthermore whenconsideringall 1000
genomegproject spopulationsmergedtogethenwenotethat _rs206336,

4rs206337, _rs12488, _rs228591 and _rs227073adallelefrequencies

specificto the Tunisianpopulation.

MIRNAS pathwaysinvestigation

In our study,severaBNPswverefound to alterthe binding sitesof miRNAs.Someof these
miRNAsareinvolvedin important pathwayssuchasthe P13-Akt signalingpathway Rassig-
naling pathway MAPK signalingpathway P53signalingpathway. .ect(S5Table).Moreover,
severamiRNAsinvolvedin cancempathwaysvereidentified. Interestingly hsa-miR-136hsa-
miR-639andhsa-miR-298verefound to regulateseveratancempathwaysuchasbreastcolo-
rectal,pancreaticgastricandprostatecancer.

Discussion

Considerablg@rogresshasbeenmadetowardsthe understandingof the genetidbasisof
breastcance[29]. Sofar, Genome-widassociatiorstudieshavesuccessfullidentified
morethan 170loci associatewvith breastcancerrisk [14]. Theserisk-associate&NPsare
usuallynot the causabnes but theyarein high LD with functional SNPscausativef the
investigateghenotypd17,29]. To identify functional SNPsijt is essentialo considerthe
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haplotypestructureof the studiedpopulation.This hasbeenfacilitatedby genomesequenc-
ing projectsincluding the InternationalHapMapProjectandthe 1000GenomedProjectthat
haveproducedhigh quality genotypingdatain largesamplesizesf diversehumanpopula-
tions. This helpsin identifying functional SNP 9y usingpopulation-specifitiaplotypestruc-
tures[17]. Unfortunately,North African populationsarenot representedn theseprojects
hencethe needto characterizéhe geneticrisk loci and haplotypestructureof susceptibility
genedo betterunderstandhe GWASfindings. Theclinicalinsightsderivedfrom GWAS
findingshavebeenlimited giventhat mostof therisk -associate NPshavebeenmappedto
non-codingregionsandtheinterpretationof their functionalimpactremainschallenging
[13]. In thecurrentreport,we havecharacterizedhe LD patternsand haplotypeblocksof
highandmoderatepenetrancesusceptibilitypreastcancergenesWe havealsoassessettie
functionalimpactof the studiedSNPsCharacterizatiorof haplotypestructuresshoweddif-
ferencesn LD patternsbetweergeneswith high levelsof recombinationandhaplotype
blocksof moderateto smallsize Theseresultsarepredictablegiventhe factthat the African
populationis olderthanthe other populationsjn which therehavebeenmorerecombina-
tion eventgesultingin smallerblocs[30]. Thesdindingsarealsoin accordancevith previ-
ousreportswherepopulationswith African ancestrywerefound to havesmallerblocksthan
non-African populations[17,31].In addition, variationin LD patternsbetweergenesre
expectedln fact,it wasshownthatthe strengthandthe distanceoverwhich LD extendsvary
alongchromosomesndfrom oneregionof the genometo another[32,33]. Severafactors
seemto shapepatternsof diversityandLD in thehumangenomeThesancludedpopulation
size genetiadrift, selectiondemographidactorsandvariableratesof mutation andrecom-
bination. We havealsodeterminedtaggingSNPsconstitutedwith the mostinformative
markersthat canbeusedin upcominglarge-scaléreastcancerassociatiorstudiesin Tuni-
sia.In the currentreporttaggingSNPswvereusedto constructa haplotypeNetwork for
geneghatincludedgenotypicdatafrom Tunisiaandfrom 8 otherhumanpopula-
tions. Themostfrequenthaplotypesdentified for eachgeneareprobablythe ancestrabnes
from which all othershavederived.Moreover,Tunisianhaplotypeshoweda heterogeneous
distribution, somearesharedwith differentpopulationsand othersareuniqueto the Tuni-
sianpopulation.Theseresultsreflectthe mosaicgeneticstructureof the Tunisianpopulation
which mayexplainthe geneticheterogeneityf breastcancerin Tunisia.Thisobservation
wasfurther confirmedwith PCAandFstestimation.In fact,our findingshaverevealedhat
the Tunisianpopulationtendsto havea mixedorigin divergentfrom that of African popula-
tions.In fact,it wasfound to beclusteredwith populationsof EuropeanSouthAsian,and
Mexicanancestryandshoweda high levelof differentiationwith thoseof African ethnicity.
This couldbeexplainedoy migratorywaiveghat occurredin Mediterranearcountries.
Indeed throughoutits history, Tunisiahaswitnessednvasionsand severamigratoryflows
in prehistoricandhistoric periodswhich contributedto its geneticdiversity[34, 35]. Our
findingsarein accordancavith previousstudiesnvestigatinghe geneticstructureof the
Tunisianpopulation.In fact,it wasdemonstratedhatthe Tunisianpopulationhasan
admixedgeneticstructurewith prevalencef the Eurasianineagesfollowedby the Sub-
SahararandNorth African ancestrie$36, 37]. Furthermore we haveexploredthe functional
impactof the studiedSNPsandhaveselecte@8 putativefunctionalvariants Thesevaria-
tionswerelocatedin transcriptionalregulatoryregionssuchasenhancersTFs,accessible
chromatinregionsandmiRNAsbinding sites An interestingvariantwasdetectedn
geners8176318hatwasassociatewith geneexpressionn mammarytissueandwas
predictedto alterthe bindingsof 6 distinct miRNAs. isanonzproteincodinggene
localizedadjacento the gene.Thetwo genesareseparatedby only 218basepairs
andtheir transcriptionis divergent.Somestudieshaverevealedhat and genes
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mayin fact,bereciprocallyregulatedin anumberof celllines,higherlevelsof expres-
sionarecorrelatedwith low levelsThis couldreflectcompetitionbetweerthe pro-
motersfor RNA polymerasél andalsosuggestthatactivationof the promotercould
leadto decreased expression38]. In light of theseobservationswe mayhypothesize
that SNPsound to beassociatewvith increased expressiorcould beassociatewvith
downregulationof andhencewith breastcancerisk. Neverthelesgndin amore
recentstudy,Xiaoetal. haveshownthat encodesalong non-codingRNA andsup-
pressestumor developmenthroughregulationof adenosinenonophosphatetactatedpro-
tein kinase(AMPK) activationwhich meanghatdownregulationof genemayalso
predisposéo cancel[39]. In apreviousgenomewide SNPgenotypingstudyconductedby
our group,aputativefunctional SNP2rs9911630%asalsofound to beassociatedvith the

expressiotevelsof .  Thisvariant,andin additionto its functionalimpactcontributed
verysignificantlyto the geneticvariability betweermfrican andnon-African populations
[12]. _rs8176318 thatwearedescribingherehasbeenreportedasbeingassociated

with familial breastand ovariancanceiin Thai populationandwith triple negativedisease
amongAfrican Americanwomen[40]. It wasalsofound to beassociatewvith decreased
expressionin breastcancercelllines,andwith greaterikelihood of havingstagdV
breastcancerff41]. It iswellestablishedhat allelefrequencywariesbetweerpopulations
worldwideleadingto variationin diseasesusceptibility. rs8176318 wasidentified
with arelativelyhigh frequencyin Tunisianhealthyindividuals(27.6%)Comparisonof
allelefrequencyrevealedstatisticallysignificantdifferenceswith African populations,YRI
(12.5%)and LWK (11.1%)with respective-valuesf 0.0004388nd0.0001243These
resultsshowedhatthe Tunisianpopulationmayhaveanincreasedreastcancerisk com-
paredto populationsfrom African ancestriesLikewise amongputativemiRNAsdisrupted
by this variant,hsa-miR-14%vasreportedto bedownregulatedn breastumorsandit is
usuallyrecognizedhsatumor suppressowith reductionin severatancerg42]. Further-
more,wehavefound thathsa-miR-63%egulateseveratancempathwaysncluding breast,
endometrial pancreaticandcolorectalcancerlt wasalsodemonstratedhatthe up-regula-
tion of this miRNA contributesto breastcancelinvasionandmetastasi§! 3]. Anotherinter-
estingvariantwasidentifiedin geners120963This SNPwaspredictedto strongly
affectthe binding of threeTFsTP53,STAT3and CEBPGThetumor suppressop53isa
DNA-binding transcriptionfactorthat playsacritical role in preventingcancemprogression.
Altering the binding of this TF maypromotecancergrowth[44]. This variantwasalso
locatedin enhancersargeting # # , and genes
in breastmyoepithelialprimary cells Enhancerganactivategenetranscriptionby recruiting
transcriptionfactors,chromatinremodelingfactorsandRNA Polymerasél [45]. Single
nucleotidevariantsin theseregulatoryelementanight affecttranscriptionfactorbindings,
andin turn, makeanessentiatontribution to diseas@rogressiorby alteringthe expression
of thetargetgeneg446]. This variantsitesalsoin chromatinregionswith the H3K4me3
mark. This latteris oneof the epigenetianodificationsto histoneproteins[47]. thatis widely
enrichedat promotersandtranscriptionalstartsites(TSS)of highly expressedeneg48]. It
wasshownthat H3K4me3interactswith chromatinremodelersaand promotesrecruitment
of basictranscriptionfactorsto facilitatetranscriptionactivation[47,49]. Along thesdines,
variationsin tumor suppressogeneoccurringin H3K4me3domainsmayalterthe accessi-
bility of genedor transcriptionand promotecancerdevelopmenand progressionPrevious
studiesnvestigating _  rs12096Mhavereportedincreasedreasicancerrisk associated
with this variant[50, 51]. Comparisonof allelefrequencythat we haveconductedshowed
statisticallysignificantdifference$etweerthe Tunisianpopulationandthoseof European
andAfrican ancestriesSeverabther candidatefunctional SNPdocatedin openchromatin
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regionswereidentifiedsuchas 4/$ '’ and 4/$ . Accessiblehro-
matin representshe transcriptionallyactivestateof eachgenelt displaydowernucleosomal
densityor evennucleosome-freeegionsand capturesnore than 90%of TFstargetregions
[52,53]. Variationsidentified within theseregionsmaythereforeaffectgeneexpressiorby
alteringTFsbindingssites . Theseputativefunctional SNPghatwehavecharacterizeghould
beprioritized in upcomingassociatiorstudiessincetheymayactasgeneticmarkersof can-
cerrisk. In fact,theycould serveto developapolygenicrisk score(PRS)specificto the Tuni-
sianpopulationwhichwill helpto improvebreastcancerscreeningn Tunisianindividuals.
This PRSconstitutean estimateof anindividual'sgeneticsusceptibilityto atrait or disease,
estimatedaccordingto their genotypeprofile andrelevantGWASdata[54]. In fact,combi-
nationsof known risk-associatestariantsmight beusefultoolsin identifying individuals
with relativelyhigherrisk amonggenerapopulationsfor targetedcancerprevention[55,
56].Indeed,severapreviousstudieshavedescribeda higherPRSamongwomendiagnosed
with breastcancewhencomparedo healthyindividuals[57]. The correlationbetweerthe
PRSandthe genetidiability to diseaséasledto its routine applicationin biomedical
research54]. Implementingpolygenictestingin the Tunisianpopulationis of keeninterest.
It mayhelpto resolvepart of the missingheritability andto identify atrisk womenwith
uninformativegenetictestresults.Thiswill revolutionizehealthservicedy providing per-
sonalizedisk assessmentgithin populationbreastscreeningprogramg57].

Conclusions

In the currentreportcharacterizatiorof the LD profilesandhaplotypestructuresshowed
somesubstantiatlifferencedbetweerthe studiedgenesandalsoamongpopulations.This
underscoreshe needto characterizeachlocusof interestprior to associatiorstudiesHaplo-
typedistribution wasalsoheterogeneouseflectingthe mosaicstructureof the Tunisianpopu-
lation. We havealsoprovidedan overviewof the potentialfunctional variantsthat couldbe
associatewvith breasttancerrisk in the Tunisianpopulationandthat mayserveto developa
PRSeadingto betterdiseas@revention.
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