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Distribution of SDF1-3’A polymorphisms 
in three different ethnic groups from Brazil
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ABSTRACT

AmutationdescribedasaG-to-AtransitionhasbeenreportedinSDF-1gene(SDF1-3’A),being
prevalentinallethnicgroups,exceptinAfricans.ThismutationisassociatedwiththeonsetofAIDS
progression.OuraimwastoidentifythefrequencyofthisalleleindifferentgroupsfromBrazil:Tiri-
yóandWaiampiAmerindiantribes(Asianancestry);selectedblooddonorsfromJoinville(German
descendents); and fromSalvador (predominance ofAfrican andPortuguesemixture). SDF1-3’A
wasscreenedbyPCR/RFLPwithMspIenzyme.OurresultsshowedahighallelicfrequencyinTiriyó
tribe(0.24)andJoinvillepopulation(0.21),andafrequencyof0.17and0.05intheSalvadorpopu-
lationandintheWaiampitribe,respectively.Therewasnostatisticaldifferenceamongtheallelic
frequenciesinthestudiedethnicgroups,exceptintheWaiampi.Duetothegreatgeneticdiversity
amongBrazilianpopulationandthelackofstudiesonSDF1-3’Aallele,ourstudyofthisallelicfre-
quencyinthesedifferentBrazilianethnicgroupscouldbeimportanttoidentiicationofbiomarker
fortherapeuticsupportinprogressiontoAIDSandamolecularmarkerforanalysisofevolutionary
relationshipsamonghumanpopulations.
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INTRODUCTION

Humangeneticdiversityisdeterminedbybio-
logicalanddemographicfactorsandhasessen-
tialimplicationsforunderstandingthegenetic
basisof illnesses.Mutationsmayhave impor-
tanteffectsthatshouldbestudiedbecausethey
may present opportunities to develop better
strategiesagainstsomedisease.
Since the chemokine receptor and ligands

wereidentiied,severalreportshavebeenpub-
lishedshowingtherelationshipbetweenmuta-
tions in chemokines and their receptors gene
and the susceptibility to HIV-1 infection or
progressiontoAIDS.1-3

CCR5hasbeendescribedasamajorHIV-1
co-receptor, and the correlation between 32
basepairdeletioninCCR5gene(CCR5-32)
andR5HIV-1infectionsusceptibilityhasbeen
observed.4,5

Some other co-receptors to HIV-1 have
beenidentiied,aswellastheStromal-Derived
Factor1(SDF-1/CXCL12),whichistheprinci-
pal ligand forCXCR4, theHIV-1 co-receptor
forTlymphocytecells.Atransitionatposition

801 (G to A), SDF1-3’A, was described as a
commonpolymorphisminthe3’untranslated
regionofthegene.Itisnotyetcleariftheho-
mozygousSDF1-3’Amutationgenotypesdoes
associatedwithan increaseordecrease inthe
progression to AIDS and/or with protection
against infection.6,7 InpediatricAIDS, for ex-
ample,ithasbeensuggestedthattheprotective
effectofCCR5-32 appears tobe abrogated
bytheSDF1-3Agenotype.8

Infact,thefrequenciesoftheSDF1-3’Aal-
lelewereanalyzedincohortsofHIV-1infected
and non-infected individuals. These data to-
getherhavereportedadelayedprogressionto
AIDS,andnocorrelationtoadiminishedsus-
ceptibilitytoHIV-1infection.9,10Althoughthe
hostgeneticfactorshavebecomeanimportant
matterinHIV/AIDSresearch,sofarthereare
rare reports about the frequency of this host
polymorphism among uninfected andHIV-1
positivepopulationsfromBrazil.
Worldwidepopulationsurveyshaveshown

thattheprevalenceofthe3’Amutationvaries
signiicantlyinsomeethnicalgroupsandthat
the allelic frequencies are correlatedwith ge-
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neticbackgroundsandgeographicalregions.TheSDF1-3’A
allelic frequencyhasbeenmost frequently found inAsian
and Caucasian (0.26 and 0.21, respectively), in Hispanic
populations(0.16),andlowerinAfrican(0.06).9 
Analyses of biomarkers at human autosomic chromo-

somal have shown a geographical structuring of ethnical
groupsatmolecularlevel11,12andproposethataundersized
group migrated out of East Africa and their descendents
haveexpandedtomostofthecurrentpopulation.13

To evaluate different human populations, speciic bi-
omarkers have been an effective approach for support in
targetedtherapy forAIDS,aswellas tosurveypopulation
ancestry.Thusfar,anassociationhasbeenobservedforsus-
ceptibility toAIDSprogressionandSDF1-3’Aallele.Poly-
morphisms of various genes like CCR5-32, CCR2-64I,
and SDF1-3’A have been associatedwith disease develop-
mentand, togetherwithothers, ithasbeensuggested that
theycouldbeusedasbiomarker.
ConsideringthatHIV/AIDSepidemicisaseriouspub-

lichealthmatterinBrazil,andtheparamountimportance
to obtain a better knowledge of population genetic back-
ground in this country aswell as the influence of diverse
polymorphismsonprogressiontoAIDS,weinvestigatethe
allelicfrequencyof3’AalleleinthreedifferentBrazilianeth-
nicalgroups.

MATERIAL AND METHODS

Study population

Westudiedatotalof565individualsfromdifferentBrazilian
ethnicgroups,includingrandomlyselectedindividualsfrom
sentinelsurveillanceareasfromSalvador(13°S;38°3112W)
(mixedAfricanandPortuguesedescendent),selectedblood
donors from Joinville (26°18 S; 48°50W) derived from a
cohortofGermanydescendents (European ancestry), and
AmerindiansisolatedtribesofTiriyó(3°30S;53°21W)and
Waiampi (Asian ancestries) from theAmazonRiver basin
(Northregion).AllparticipantswerenegativeforHIV-1in-
fection,andsampleswerecollectedwiththeinformedcon-
sentsignedbyparticipants.Theprojectwasapprovedbythe
ResearchEthicsCommitteeofCentrodePesquisasGonçalo
Moniz(CPqGM/FIOCRUZ).

Salvador, Bahia: Salvador, the capital of Bahia state, is
located in theNortheastregionofBrazil.Roughly80%of
thecity’s2.5million inhabitants14 areblackormixedrace
descendantsofAfricansandPortuguese.15Across-sectional
studypopulationwasrandomlyselectedfromsentinelsur-
veillanceareaspreviouslyestablishedfortheinvestigationof
variousinfectiousdiseases.16Thispopulationwascomprised
of38.6%malesand61.4%females.Meanagewas22.1for
malesand29.3forfemales.

Joinville,SantaCatarina:JoinvilleislocatedintheSouth
regionofBrazil.Itspopulationofapproximately430,000in-

habitantsismainlyofEuropeandescendants.14SelectedGer-
mandescendantsblooddonors(b.d.)were studied–88%
weremaleand12%werefemale,withanagedistributionof
18to60(average39)yearsand19to42(average29)years,
respectively.Theyhadnoreportedriskbehaviorforsexually
transmitteddiseases.

Brazilian Amerindian populations: Samples from two
Amerindiantribes(TiriyóandWaiampi)individualslocat-
edintheAmazonRiverBasin(Northregion)wereanalyzed
inthepresentstudy.TheTiriyótribespeakstheCaribelan-
guageandinhabitsareserveontheSuriname-Brazilfrontier:
750ofits1,700individualsliveinBrazil.TheWaiampitribe
speaksTupi-Guarani and livesona reserveon theFrench
Guiana-Brazil frontier: 450 of its 1,200 individuals live in
theBrazilianstateofAmapá.

Laboratorial procedure

Bloodsampleswerecollectedfromthestudiedgroupsdur-
ing different time periods: from the Amerindian tribes,
betweenApril-May1997; fromSalvadorindividualsofthe
sentinelsurveillanceareas,betweenApril-August1998;and
fromGermandescendentsb.d.ofJoinville,betweenNovem-
ber2000andJanuary2001.
Tenmillilitersofwholebloodwerecollectedfromeach

individual,usingethylene-diaminetetraaceticacid(EDTA)
as anticoagulant. All samples were collected with partici-
pants’informedconsent.
DNAwasextractedfromperipheralbloodmononuclear

cells(PBMCs),andwholebloodusingtheDNAzolcommer-
cialkit(GIBCO-BRL,Rockville,USA).PCRwasperformed
inaPerkin-Elmer9600thermalcycler(Perkin-Elmer,Con-
necticut,USA)using100-200NgofDNA.

SDF-1 analysis by PCR

TheSDF-13’UTRgenewas ampliiedbyPCR containing
1.25mM dNTPs, 20mMMgCl2 PCR buffer, 2.5 pmoles
for each of the following primers: 5’-CAGTCAAC-
CTGGGCAAAGCC-3’ and 3’-AGCTTTGGTCCTGA-
GAGTCC-5’,and1UTaqDNApolimeraseina25µLinal
volume;35cycleswereperformed,consistingof30”at95º
C,1’at58ºCand30”at72ºCwithainalextensionof10’at
72ºC(Winkleret al.1998).9

SDF1 genotyping

MspI 5U restriction enzyme (BioLabs inc.,NewEngland)
wasused todigest thePCRproducts in ainal volumeof
20µLandincubatedduring3hoursat37°Candthensub-
jectedto2%agarosegelelectrophoresis.Thefragmentswere
visualized by ethidium bromide staining andUV fluores-
cence.SDF-1wild-type(SDF-1/SDF-1),heterozygous(SDF-
1/3’A), andhomozygous to3’Aallele (3’A/3’A)genotypes
weredetectedbythepresenceofbandswith202bpand100
bp,302bp,202bpand100bp,andsinglebandof302bp,
respectively.Ambiguousresultswereresolvedbyperforming
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electrophoresisofproductsofenzymerestrictionina10%
acrylamidegel,andthegelstainedwithsilver.Theimagesof
thegelwerecapturedandrecordedwiththeEagleEyeImag-
ingSystem(Stratagene,USA).

Statistical analysis

AdatabasewiththeresultswassetupusingEpiInfosoft-
wareversion6.04d.Genotypicandallelicfrequencieswere
estimatedandcomparedbyGenecountingmethodbetween
the groups. Conformity with Hardy-Weinberg equilibri-
umof genotypic frequencieswas testedandheterogeneity
amongpopulationsampleswasevaluatedusingχ2test.Dif-
ferencesbetweengroupswereconsideredtobestatistically
signiicantwhenp<0.05.

 

RESULTS

Weanalyzed the frequencyof SDF1-3’A in threedifferent
ethnic groups from distinct Brazilian geographic regions.
The differences observed were not statistically signiicant
whenwecomparedtheallelicfrequenciesfound(p>0,005),
exceptinWaiampitribe.Interestingly,SDF1-3’Afrequency
was highest in Tiriyó and lowest inWaiampi Indigenous
groups(0.24and0.05, respectively);andasexpected,0.21
in Joinville’s blooddonors and0.17 in Salvador’s inhabit-
ants.Table1summarizesthemutationdistributionindif-
ferentgenotypesofSDF-1gene in the studiedgroups.No
statisticaldifferencefromHardy-Weinbergequilibriumfor
frequencydistributionwasfound.

 

DISCUSSION

TheCCR5-32,CCR2-64IandSDF1-3’Apolymorphisms
arethreeofthemainhostfactorstoprotectagainstHIV-1
infectionand/orAIDSprogression.Itiscurrentlyadmitted
thatthe32bpdeletioninthegenecodifyingCCR5proteinis
themostevidenthostmutationrelatedwithHIV-1illness.3

StudiesontheCCR2-64Imutationshowedthat,eveninhet-
erozygotes,anincreasedAIDS-freesurvivalwasobserved.17

ThecontroversystillremainsabouttheSDF1-3’Aeffecton
diseaseprogressionandviralentryinhostcell.9,2,18,7,19

A few studies have demonstrated a low frequency of
SDF1-3’AinthegeneralBrazilianpopulation.20,21Inthiswork
weshowedthat theSDF1-3’Aallelewas foundinall studied
ethnic groups, corroboratingprevious studies.9,21Thehighest
SDF1-3’AalleleprevalenceobservedinTiriyótribe(0.21)and
Joinvillepopulation(0.24)(AsianandCaucasianancestries,re-
spectively),conirmearlystudiesshowingahigherfrequency
inAsianandCaucasiandescendants(approximately0.26and
0.21,respectively)anda lowerfrequencyinAfricandescend-
ents(0.06).9Interestingly,theWaiampitribepresentedanota-
blylowerfrequency(0.05)thanthatoftheTiriyótribe(0.21),
showingthattheinter-tribediversityisgreaterthanthatfound
among different ethnicities. Although Tiriyó and Waiampi
tribesaredescendentsofasingleancestralgroup,22,23theydem-
onstratedthatthefrequencyofthe β-globingenehaplotypes
waslowerandtherewerelowlevelsofheterozygosityandin-
trapopulationaldifferentiation.Therewasasingleclearlypre-
dominanthaplotypeinmosttribes,includingtheWaiampi,but
thoseoftheTiriyópresentednolessthanfourhaplotypeswith
relativelyhighfrequencies,suggestingthatthegeneticdistances
betweenBrazilianAmerindiansare low,exceptfortheTiriyó
tribe. There is general agreement that the Native American
founderpopulationsmigratedfromAsiaintoAmericathrough
theBeringStrait.24WeobservedthatWaiampitribepresenteda
lowerfrequencythanthatfoundforTiriyótribe.Thiscouldbe
explainedbysomeevolutionaryforces,suchasthefounderef-
fect,aswellasbyageneticdrift,andthemostimportantfactor,
theinterethnicadmixture,whichcouldchangegenefrequen-
cies. Nevertheless, genetic analyses in BrazilianAmerindians
haveshownthat,whilethenumberofheterozygousandalleles
arelow,thereisaclearheterogeneityamongtribes,showinga
diversityofallelicdistributionmodels.Thisfactsuggeststhat
comparativeanalysessurveyofanundersizednumberofAm-
erindiangroupsmaynotsuficientlyrepresenttheentirevari-
etyofgeneticvariabilityinBrazilianAmerindians.25

Whenweanalyzedthegenotypedistribution(TableI),we
observedthatSalvador(with itshighnumberofAfricande-
scendents),Joinville(Germanydescendents),andTiriyó(Am-

erindian)populationsarehomogenous(p=0.1285).Thein-

clusionoftheWaiampigroupengenderedextremelysigniicant

heterogeneity(p=0.0001).

Grimaldi,Acosta,Machadoetal.

Table 1. Distribution of SDF1-3’A allele and genotype frequencies in three studied Brazilian ethnical groups

Population/ Ethnical group n  Genotypes  Allelic  χ2 p-value

 ascendency     SDF-1/SDF-1 SDF-1/3’A 3’A/3’A Frequency 

   n (%) n (%) n (%)  

Salvador/African Afro-Brazilian 215 151 (70.2) 57 (26.5) 7 (3.3) 0.17 0.264 0.80 < p < 0.90

Joinville/German Caucasian 93 58 (62.4) 31 (33.3) 4 (4.3) 0.21 0,002 p > 0.95

Tiriyó/Asian Amerindian 179 108 (60.4) 57 (31.8) 14 (7.8) 0.24 2.589 0.20 < p < 0.30

Waiampi/Asian Amerindian 78 70 (89.7) 8 (10.3) 0 (0) 0.05 0.260 0.80 < p < 0.90

Total   565 387 (68.5) 153 (27.1) 25 (4.4) 0.18 3.912 0.10 < p < 0.20
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Thefrequencyof3’AmutationinSalvadorsamplesisnot

consistentwithotherpopulationsofpredominantlyAfricanori-

gin,reflectingtheextensiveAfrican/Europeanmiscegenationin

thispopulation.TherelativelyhighfrequencyofSDF1-3’Aob-

servedinSalvadorsamplescanbeattributedtoadmixturewith

Europeanancestrypopulation,sincethismutationiscommon

in European but rare or absent inAfrican populations. The

lowmutationfrequencyfoundinWaiampitribecouldalsobe

explainedbytheinterethnicadmixturewithnon-Amerindian

populations,eventhough,asitisfoundinAsianpopulation,it

mayhasbeenpresentintheancestralpopulation.

Althoughthereislessinformationabouttheprevalenceof

thispolymorphisminBrazilianpopulationorabouttheirim-

pactaspotentialgeneticbiomarkers,therelativehomogeneity

inthefrequencyobtainedsupporttheearlierobservationsthat

thefrequenciesofSDF1-3’Amutationbyitselfmaynotbesuf-

icientasabiomarkertodeterminetheancestry.

Anunderstandingofthedistributionofthesefrequencies

inBrazilianethnicgroupscouldbeimportantmainlybecause,

togetherwithotherspolymorphismsassociatedwithHIVin-

fectionandAIDSprogression,itwillenablefurthercompara-

tive surveys amongHIV-1 infected populations. Indeed, the

detectionofSDF1-3’AallelicfrequencyintheBrazilianpopula-

tioncouldgivesupporttotheimprovementofmethodstoaid

diagnosis,classiicationofdiseasestatus,andprovidemeansto

delineatetherapeuticstrategies.
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