Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) 5-'—.i.l
Vol.4, No.26, 2014 IIS E

Deter mination of the Existence and Distribution of HIV-I
Chemokine Co-Receptor 5 Polymorphism in a Sampled
Population from Kenya

Benadine Bukachi Dr.Samuel KhamadDr. Michael GichertiPurity Gachefi
1. School of Pure and Applied Sciences, Murang’a Uity College, PO box 75-10200, Murang’a,
Kenya
2. Kenya Medical Research Institute, Centre for VigyldResearch, PO box 54840-00200, Nairobi, Kenya
3. School of Pure and Applied Sciences, Kenyatta Usitye PO box 43844, Nairobi, Kenya
4. School of Pure and Applied Sciences, Kenyatta Usitye PO box 43844, Nairobi, Kenya
* E-mail of the corresponding authdrenabukachi@yahoo.com

Abstract

Human Immunodeficiency Virus/Acquired Immunodefiocdy Syndrome (HIV/AIDS) is a major public health
problem, socio-economic burden and a serious thoedévelopment. Entry of human immunodeficienaysi
type 1 (HIV-1) into target cells requires the bimgliof the external envelope glycoprotejn 120 to both the
CD4 molecule and one of several chemokine receptecently discovered to function as co-receptdrscell
line tropic HIV-1 strains utilize tha-chemokine receptor CXCR4, whereas ffhehemokine receptor 5 (CCRb),
which is expressed on monocytes/macrophages, $ aall granulocyte precursors, is the key co-faftior
macrophage-tropic HIV-1 strains, which predomirdieng the asymptomatic phase of infection. A thiwo—
base pair (bp) deletion mutatiof 82) within the second extra cellular loop-encodiegion of the CCR5 gene,
which results in a truncated, non-functional pnotdias been associated with relative resistancdltb -1
infection and slower progression to acquired imnugfiziency syndrome (AIDS). Specificallyy32/A32
homozygotes are protected against acquisition of-Hlby the mucosal route despite high risk exposure
whereas disease progression among C&B5heterozygote occurs more slowly. In this stildg, status of the
CCR5 gene polymorphism in Kenyan population wagdtigated in an attempt to explain the differenices
HIV prevalence in different parts of the country determine this,200 sanpl es were coll ected
from the 8 provinces of Kenya, that is, 25 sanples per province, sone of
which were positive for HV-1. Twenty-five sanples were randomy selected
froma batch of 250 per province, that is, every tenth sanple. The samples were
collected from HIV screening centers, district gomvincial hospitals. Peripheral blood mononucleals
(PBMC) were extracted from whole blood. Genomicdeitbonucleic acid (DNA) was then extracted from
PBMC. A targeted region of the CCR5 gene flankihg B2bp deletion was amplified by polymerase chain
reaction (PCR) using CCRS5 specific primers. All @R amplicons were then analyzed by gel electnagsim
The results showed that CCR532 mutations do not exist in the Kenyan populatiS8amples were then
randomly selected 4 samples per province and seqdeithis was done to determine the genotype oP@ie
products that were amplified. After ClustalW an#éysf the sequences generated, it was seen thab @€ is
not highly conserved in the Kenyan population, feeré¢ were amino acid differences between the seqgen
analyzed suggesting that CCR5 gene in Kenyan ptpnlés highly polymorphic. From this study, it was
concluded that CCRB-32 mutations do not play any role in HIV-1 susdafity in the Kenyan population. This
is because this mutation does not exist in the Kemopulation as per the samples analyzed. Therelif€es in
prevalence of HIV in different parts of the countmay be due to cultural practices, religious baclgds,
socio-economic status and other intrinsic geneiitofrs.
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1. Introduction

Acquired immune deficiency syndrome (AIDS) is aledlion of symptoms and infections resulting frone t
depletion of the immune system caused by infeatith the Human Immunodeficiency Virus (HIV), whi¢ha
retrovirus belonging to the lentivirus family ofruses that cause slow progressing diseases (Caletsah al.,
1997). The immune deficiency results from losshef €D4+ T cells that are essential for both celtiaed
immunity and humoral immunity. Acquired immune d&fhcy syndrome (AIDS) symptoms are mostly
opportunistic infections that can be easily treatetiealthy people (Colebunders et al., 1997). disease has
four stages: the first stage is asymptomatic. Huoisd stage includes minor mucocutaneous manifassaand
recurrent upper respiratory tract infections. Cic@nd pulmonary tuberculosis is seen in stageeti®éage four
includes the toxoplasmosis of the brain, candidiadithe esophagus, trachea, bronchi or lungs apddis
sarcoma (Colebundeesal., 1997). Transmission routes of HIV are sexuaphbHo-blood products and mother
to child transmission (Stewart et al., 1985).
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Human Immunodeficiency Virus (HIV) was first recaged in 1981 among homosexual men in United Staites

America and heterosexual women who had a severeuimodeficiency (Harriset al., 1983). Globally, the

leading mode of transmission is heterosexual. Hurmamunodeficiency Virus (HIV) challenge varies

geographically. About 96% of people with HIV live the developing world, mostly in sub-Saharan Asfracd

the Caribbean (UNAIDS/WHO, 2005). An estimated Btanillion people in low and middle-income coungrie

will die in 2007 if they do not receive antiretraaditreatment (ART; UNAIDS/WHO, 2005). By the entdi2005,

it was only 7% who needed ART were receiving it AINS/WHO, 2005). In some parts of Africa, one-thofl

all pregnant women have HIV/AIDS. Adult infectioates in sub-Saharan Africa have reached as higfi%sn

Botswana and 39% in Swaziland (UNAIDS/WHO, 200%).the Russian Federation, more than 90% of the

estimated one million people living with HIV wenmgfected through intravenous drug use, but they nugkenly

13% of those receiving antiretroviral therapy (UNAROOS).

The existence of uninfected individuals despitesigéent exposure to HIV suggests the existenceeaktic

factors, which play a role in host susceptibilifugtet al., 1995). Although specific genes of the human

leucocytes antigen (HLA) system were found in dartgoups of frequently exposed uninfected sexualkers

in Kenya and Thailand, it was the discovery of a €@mokine receptor polymorphism that for the finste

unequivocally linked a single gene to host susbdipyi (Justet al., 1995).TheA 32-allele incidence is high in

Caucasian populations but is thought to be lovhaAfrican and Asian populations (Samsb@l., 1996). The

homozygousA 32 conditions produce a truncated receptor, wiiatetained and degraded in the endoplasmic

reticulum and therefore not expressed on the cefhse (Lui et al., 1996). Individuals heterozygdas the

deletion are not resistant to HIV infection, butennfected, have a slower progression towards AIB&en et

al.,, 1997; Meyer et al., 1997; Dean et al., 1996rr&d et al., 1996). This prolonged AIDS-free sumliis

associated with a slower decline in the CD4+ Tscafid a lower viral load (Katzenstedinal., 1997). However,

at the onset of AIDS, heterozygosity offers no aage over the wild type condition (Michael et d1997;

Smith et al., 1997; Garred al., 1997).

Even though the prevalence of the32 allele in certain high-risk sero-negative peagiohs has been reported,

only 4% of all the highly exposed HIV-sero-negatparsons are homozygous carriers of the deletiomifget

al., 1996). Although the allele frequency of the defeetCCR5 gene in high incidence regions like subaBah

Africa and South East Asia is low, it has been adgthat the global impact of this type of resistaiscof minor

importance (McNicholkt al., 1997). In the Kenyan population, whether thiadition exists is unknown. Since

individuals homozygous for the CCR5 deletion aré¢ phenotypically abnormal and have a normal life

expectancy, the CCRS5 receptor could be a suitanfet for therapeutic intervention (McNichetlal., 1997).

The strategy would be to block the CCR5 receptwtdfore reducing the chances of macrophage-tgiams

of HIV that use CCRS5 as its co-receptor but notdpit strains of HIV which use CXCR4 as its co-fgtce. It

is important to determine the status of the CCR&egmutations in Kenyan population so as to deteznifin

CCR5A-32 mutations influence HIV-1 susceptibility andstdibution in the Kenyan population. Prevalence of

HIV in Kenya has been observed to vary from redmnegion with the highest prevalence in Nyanzavimee

and the lowest in North Eastern province (CentrateBu Statistics CBS, Kenya Demographic and Health

Survey 2003, Populations Projections, and NASCOP).

2. Materialsand M ethods

2.1Separation of Peripheral Blood Mononuclear Cells (PBMC) from Whole Blood

Peripheral blood mononuclear cells (PBMC) were s&pd from whole blood as described by Chomczyaiski

al., (1997). Briefly, 5 ml of whole blood was addeda falcon tube containing 10 ml of 0.84% ammonium

chloride and vortexed, and incubated at 3%€ 5-10 minutes. The mixture was then span aD150n for 10

minutes at room temperature and the supernatacdrdisd. Another 10 ml of 0.84% ammonium chlorides wa

added to the pellet and the procedure repeatec ttinges until the PBMC pellet appeared white. The

supernatant was then discarded and 1ml of 0.84%aceniim chloride was added to the falcon tube with th

pellet and mixed with a pipette. The pellet wasitdeawn into a 1.5-ml Eppendorf tube and span @0xpm in

a microfuge at room temperature. The supernatasttixen pipetted off to recover the PBMC, which appd

as white pellet. In case there was still a red wihgy of the PBMC, the red portion was sucked athvthe aid

of a vacuum pump.

2.2 Genomic DNA Extraction

Deoxyribonucleic acid (DNA) was isolated from PBMCcording to the method described by Chomczyaiski

al., (1997). Briefly, to the PBMC pellet extracted adescribed above, 500 ul of DNAzol genomic DNA

extraction reagent (Gibco BRL®, USA) was addede Tpellet was dissolved completelyby pipetting the

reagent-pellet mixture up and down several tiri@g volumes (1000 ul) of chilled (cooled t8G}
absolute ethanol was added to the dissolvedtzeit: mixed gently. This was centrifuged at

3000 rpm in a microfuge at %@ for fifteen minutes. The supernatant was dises@nd1000 pl of 70%

ethanol added to the pellet and vortexed thoroughhe sample was centrifuged again at 3000 rpm in a

microfuge at 4C for fifteen minutes and the supernatant discardé@e pellet was dried in a safety cabinet at
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room temperature. The DNA pellet was resuspendetDih pl of distilled DNase and RNase free water and
stored at -20°C till further use.

2.3Cystein-Cystein linked chemokine receptor 5 (CCR5) Genotyping by  Polymerase Chain Reaction (PCR)
Genotyping of CCR5 polymorphism was carried oungsbne-step Polymerase Chain Reaction (PCR) with
primers flanking the region containing 32-bp deletias described by Martinsat al. (1997). The targeted
region of the CCR5 gene flanking the 32-bp deleti@s amplified using a pair of oligonucleotide peis that
are able to differentiate between mutant and nbtDGR5 alleles without restriction endonucleaseedimpn.
Each PCR was conducted in a final volume of 50qgnit@ining 0.2-0.5 pug template DNA, 1x PCR buffeéd02
UM each dNTP, 1 mM Mggl 1.25 U DNA polymerase (Thermus aquaticus; PeBtimer Corporation,
Norwalk, CT-USA), and 50 nM each primer under $econditions. Thermocycling conditions consistéadt5
cycles with an initial denaturation at 94°C for Snaotes, followed by denaturation at 94°C for 1 nb&u
annealing at 60°C for 1 minute and extension aC7@t 1 minute. The mutated and unmutated alleles:
expected to appear as 147-bp and 179-bp amplicesisectively (Livet al; 1996; Huanget al; 1996; Samsost

al; 1996; Dearet al., 1996; Zimmermast al., 1997).

2.4 Gel Electrophoresis

Products of PCR were analyzed by conventional agasdectrophoresis. This was used to resolve the PC
products (Sambrookt al., 1989). The agarose gel was prepared using 1XHotrate EDTA (TBE) where 0.4
grams of 3% agarose powder was placed in a 12%sk.fl0 ml of 1 X TBE was then added to the flasét a
mixed completely by staring. The solution was theated in a microwave to dissolve all the agarasedpr.
The solution was the left to cool while starringithe for sometimes until it was about heavy/thidgke combs
were then placed in the slots on the side of thérgg and the solution poured on the gel tray.

The gel was then left to solidify after which thentbs were removed after creating wells on the geldading
samples. The gels with the wells were then plaoettié gel tanks ready for loading the samples. firkewell

of the gel was loaded with 3ul of 100 base pairemoalar weight marker while the consecutive wellgeve
loaded with the samples. The samples were mixel gét loading buffer before loading into the wells the
gel, that is, 3ul of the loading dye (Bromophentleé} was first placed on a parafilm and 5ul of sagnples
added. The gel tank was then closed and pluggethenelectrodes to the power supply and turned on.
Electrophoresis was done at a constant voltagd-<df2® volts/cm using a Bio-Rad model 200/2-powegrpby
source for 30-45 minutes. Once the electrophoreascompleted, the gel was stained with |@38ml ethidium
bromides for visualization using an ultra violet\(JUspectrophotometer. The location of the mutated a
unmutated alleles on the gels was determined bscdiexamination of the gel and the size estimatgd b
comparing with molecular weight markers loaded gsidee the sample under UV light (Shatml., 1973). The
photographs of the gels were then taken using &idlaamera.

2.5 Validation of CCR5 Genotyping Assay using DNA Sequencing

To determine the genotype of CCR5 genes, randoehdeted PCR amplicons, (4 per province), were Secpe
using Bigdy® kit (Applied Biosystems USA). In this system, flescently labeled dyes that label and
distinguish the four bases (ACTG) are attachedhése bases extension products in DNA sequencingaora
as follows; Red labels Thymine bases, blue labgtesine bases, black labels Guanidine bases armah ¢gbel
Adenine bases.

To incorporate these dye labels, ether 5'-dye éaberimers or 3'-dye labeled dideoxynucleotide teators
were used. The enzyme used for primer extensiohmpliTag® polymerase (PE Biosystems, Foster City,
California, USA) and the template is the PCR pradiat was to be sequenced. The dyes and the tenvadaie
then used to perform sequencing PCR by addigB85x buffer and 2ul of Bigdye and 1.5ul of primers for
each sample as previously described (Take#tish, 1999). The sequencing PCR conditions were dswsl
96°C for five minutes followed by 25 cycles of @bfor 10 seconds, 8G for 5 seconds and 8D for 4 minutes
(Carret al., 1998; Kostrikiset al., 1998). The primers attaches to the denaturegltgenduring the annealing
step. The temperature is raised t8@@nd the Taq polymerase extends the primer, incating ddNTPs that
are fluorescently labeled that stop the extensémttions to randomly generated fragments thatrdifféength
by one base.

The sequencing PCR products are labeled amplicbichwvere then precipitated by addingl &f 3M, Sodium
acetate (PH 4.6) and pl0of absolute ethanol to each sample in a 1.5 ngeBdorf tube. To precipitate the
DNA, the Eppendorf tubes containing the samplesvadt at room temperature for 15 minutes and gpan at
maximum speed for 20 minutes and the supernatgiated from each tube. 250 of 70% ethanol was then
added to each tube and vortexed briefly and them smain for 10 minutes at maximum speed and the
supernatant aspirated from the tubes. The sampdées wompletely dried in a vacuum centrifuge for1H0-
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minutes and 25l of template suppression reagent (TSR) addeddb sample pellet and vortexed thoroughly.
They were heated for 2 minutes af®@5nd then chilled on ice and vortexed thorougnig span down briefly
in a microcentrifuge. The sample were transfer@ddquencing tubes and then loaded onto the awdmat
sequencer in the instruments autosampler and seediday electrokinetic injection according to thetinction
given in the operational manual (ABI 3100, Appl@idsystems, Palo Alto, California, USA).

2.6 Sequence Analysis by ClustalW

Once the sequences were generated, they were edalgng ClustalW software (Higging al., 1994;
http://align.genome.jp/).The base sequences gextkraere first translated into amino acids beforéndpe
analysed. To translate the base sequences intooaatids, translation for publication software wased
(http://bioinfo.hku.hk/services/analyseg/cgi-bnffabin.pl). This programme translates the base seggeinto
amino acids so that they can be aligned by clustsdV¥s to determine the level of conservation ef GICR5
gene. (http://bioinfo.hku.hk/services/analyseqitmgfforpubin.pl). Once the amino acids sequencese wer
generated, they were aligned using ClustalW (Higgiml., 1994).

2.7 Determination of Polymorphism of CCR5 Gene

The amino acids generated were then used to genarphylogenetic tree using Tree View program (Page
1996). The phylogenetic tree was used to deterpatgmorphisms in the CCR5 gene by grouping the amin
acid sequences into different clusters based oifesity.

3. Results

3.1 Gel electrophoresis

After PCR products were analysed using gel elebmogsis, this study revealed that the 32 bp mutatias
absent in all the samples analyzed since all theldavere of 179 molecular weight and no band wéfeld bp
as would have been the case incase of the mutg@igare 1). When DNA sequencing was done, the esecgs
showed that the order of the bases was differentlithe samples analyzed. The sequences alsoleevimat
although the base sequences were different im@lsamples, some regions of the CCR5 gene inaldmples
had same order of the bases (Figure 2).

When all the samples that were sequenced werdatadsnto amino acids, the results revealed thatamino
acids in the samples were different in the entima@es analyzed (Figure 3).

12 34 5 46 T & 3101112 1314 15

300
200
17
Lon

Approzitrately 179 bp

Eey:
Lane 1.............molecular weight marker
Lane 2-17.. ... . DHASamples

Figure 1Gel electrophoresis of polymerase chain reacti@RPproduct targeting amplification of mutated
gene. Extracted DNA from PBMC samples were amifigth primers (Forward and Reverse) targeting CCR5
flanking 32 bp deletions.
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3.2 DNA sequencing
Sample 1

> TCCCTTCGGGCGTATTTCCCTCAGCAGTATCAATCGTGGAAGAATTCCAGBATTAAAGA
TAGCCATCTTGGGGCTTGGTCCTTGCCAGCATGCTTTGGCCAGTGGCCARATGCTTACCT
CGGGAATCCTAAAA//

Sample 2

>:CACCTTGCGAGCAI TAATTTTCCCTACAGCCAGATATCAAATTCTTGGAAGCAATTTCCA
GACATTAAAGATAGTCATCTTTGGGGCTTGGTCCTTGCCAGCATGCCTTGTAATGGCTCTC
TCTTGCTATACCTCGGGGAAATCCTTAAAAAACGTGCI/

Sample 3

> TCCCTTGCGGTCTATTTTCCTCAGCAGTATCAATTCTTGGAAGAATTCCABCATTAAAG
ATAGTCATCTTTGGGGCTTGGTCCTTGCCAGCATGCCTTGACGATGGCT@ACTTGCTTAC
CTCGGGGGAAATCCTT/I

Sample 4

> TCACCTTGCGAGCATCTTAATTTTCCTCTACGAGCTCAAGTATCAATTCTIGGAAAGAAA
TTTCCCAGCACTATTAAAGGATAGTCGATCTTTGGGGCTTGGTCCTT
TGCTTTGTCCATGGCTCAATCTTGCTTACCTCGGGGAA

ATCC//

Figure 2a Sequenced data of the samples from North Easteringe. PCR products were sequenced
using DNA sequencing PCR with dNTPs labeled witfedént fluorescence dyes.

Sample 1

>:CCCTCAGCACATATTTCCATTCCAGTCAGTACAATCTGGAAGAATTTCCARCATTAAAG
ATAGTCATCGTTGGGGCTTGGTCCTTGCCGCATGCGTTGACCATGCGCTTTTTGCTTTCC
TCII

Sample 2

>:CCCTTCAGCGCGTAATTTCCATCAGTCAGTATCAAATTCTGGAAGAATTCAGACATTAA
AGATAGTCATCTTTGGGGCTTGGTCCTTGCCTCATGCTTTGTCAATGGCTAATCTTGCTTA
CCTCGGGAAACCCTTAAAAA/]

Sample 3

>:CCCTTCAGACTTATTTTCCTCAGCAGTATCAATCGTGGAAGAATTCCARCATTAAAGAT
AGTCATCTTTGGGGCTTGGTCCTTGCCAGCATGCTTTGTCCATGAAACAATTTGCTTACCT
CGGGAAATCCTTAAAAAT//

Sample 4
> CCGTGCGGGGGGTTAAATTTTCCTATCCAGCCAAGATATCGAATTCTTGGEAGAATTTC
CAGACCATTAAAGAATAGCTCTATCGTTGAGGGCTTGGCCCTTGCCAGCATGCTTTGACAA
TGAAACAATCGTGC//

Figure 2b:Sequenced data of the samples from Nyanza pro€R products were sequenced using
DNA sequencing PCR with dNTPs labeled with différmorescence dyes.

Key:
T=Thymine base€=Cytosine base$=Guanine bases afd=Adenine bases
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3.3 Trandation to amino acid
Sample 1
>HLASINFPYSOQI S SWI KA QFPDI KD 8§ L WG
LVLASMPCOQWLSIWKAAIPRGNP®*KTC
Sample 2

>SLAVYFPQQYQFEEFQTLKIVIFGANSILP
A CLDDGSILLTSGH®HRL

Sample 3

>S PCEHLNFPLRAQ® SILGKKFPSTI K *S I
FGAWSLPACFVHGE SLLTSG K S/

Sample 4
>HLQRYFLQAVSNWIKNSRH*R*PSLGGT?P
CRMR*SWLNLAYILE W

Figure 3a. Amino acid sequence data of the sanffdes North Eastern province. The base sequences
were translated into amino acids using translatomublication software.
Sample 1

>P SAHISIPVSTIWNFQTLKIVIVGAWSILP
HALTMRSSCTF P/

Sample 2

Il KW KNSRH*R*SSLGGFPTC

F * F s
Y L G KP L K/

> P S A P
LMLCQWLNL
Sample 3

>P FRLIFLSSINR®RIPDIKDS SHLWGVLAS
M LCP*NNLAYLGIKSL K/

Sample 4

>PCGGLNFPIQPRRILGKNTFQTIKEBELYR?*
GLGPCQHALTMEK G Cl

Figure 3b. Amino acid sequence data of the sanfpd@s Nyanza province. The base sequences were
translated into amino acids using translation fasligation software.
Key:

A=Alanine, R=ArginineN=Asparagine, D=Aspatrtic acid,
C=Cysteine,_Q=Glutamine, E=Glutamic acid, G=Glyciné=Histidine, _|=Isoleucine, _K=Lysine,
L=Leucin, M=Methionine, F=Phenylalanine,
P=Proline, S=Serine, T=Threonine, W=Tryptophan, ¥roBine,V=Valine and £Stop Codon.

3.4 Alignment using ClustalW software

In this study, all the sequences that were gergragze aligned using ClustalW software (Higgéhsl., 1994).
This was aimed at identifying the conserved seqaieagions of the CCR5 gene in the Kenyan populaiitwe
results showed that CCR5 gene is not highly comskerin the Kenyan population. This is because; each
sequence showed different amino acids as showniffgresht colours in the alignment suggesting thatte
sample has different amino acid sequence thusréiffdrom each other (Figure 4). From the alignménvas
also seen that no amino acids in all the columne veentical in all the samples (Figure 4). AlthbugCR5 was
found not to be highly conserved, it was revealad the gene had some conserved and semi-conseyieds

as underlined suggesting that there are some regidhe sequences that are similar in the sanfplgare 4).
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Samplesin Aligned Amino Acids Number of Amino
order of closeness Acids

11_ - - SPCERVI FPT- AKYQ LGKKFP- RTI KAPI | GAWSLPACLGHG- SNLAYL- GKI LK- 52
15_ - - SPCEHLNFPLRAQVSI LGKKFP- STI KGSI FGAWSLPACFVHG SI LLTS- GKS--- 51
10_ - - SPCERRHFPLRAKYQ LGKKFP- G- HRI VI FGAWSL PACFGPW.SI LLYSPGKSFK- 54
2_ - - SPCG- | HFPLRAKYQ LGKQFP- STLKI VI LGLG - PCRVRWPW.SLAYL- - - - - - - 46
5_ - - “SLR- AYFPQ - QYQS- VKNSR- H- RPSWEL V- - - LASM.- WPVAKLAYL- GNPK- - 43
12_ ---PFG LI FLS- - SI NS- WKNSR- H- RASLGLG- - - LASM_- WQWYNLAYL- GNPT- - 43
16_ -- - HLQ RYFLQ - AVSNSVKNSR- H- RPSLGLG- - - PCRVR- - SW.NLAYL- GEI - - - 42
27_ -- - HLRGLI FPQ - QYQSRGRI SR- H- RPSLGLG- - - PCRML- - QALNLAYL- G- - - - - 41
22_ - - - PFS- - AFPS- - VS| KFVKNSR- H- RSSLGLG- - - PCLM_- CQALNLAYL- GKPLK- 44
31_ - - PSAR- - YFQS- - ASXSSVKNSR- H- RPPLGLG- - - LAACF- - GNGHLAYL- GETI K- 44
25_ -- PSLS- - - FQR- - PVSNSVKNFQ- T- LKI VI FGAWSL PACF- GOALNLAYL- GENPK- 47
14_ - - - SLA- - VYFP- - QQYQFLEEFQ T- LKI VI FGAWSLPACL- DDGSI LLTS- GEl L-- 46
28_ - - - HRA- - AFSP- - QQYQFVEEFQ T- LKI VI FGAWSLPACF- G- GSI LHTS- GEI P-- 45
8_ - SPSAC- - DFPT- - ASI KFVEEFQ T- LKI VI FGAWSLPACF- N- GSI LLTL- GETPK- 48
21_ -- - PSA- - HI Sl - - PVSTI VKNFQ T- LKI VI VGAWS- - - - - - LPHALTNRS- SCFP- - 41
32_ ----SA-- LI Sl - - HASTI RGEFQ T- LKI Al FGAWPC- RML- CQWI| LLTS- GKLLK- 45
24_ - - - POGGLNFPI QPRYRI LGKNFQ Tl KEL- YRGLGPCQHAL - - TMKQSC- - - - - - - - - 43
29_ - - - PLRAFNFPLRGKYQ RGKEFPGQL KDSPSLGLGPCQHAL - - GVAQSCP- RGKSFKI - 53
9_ - - SPCGAVI FPTASI N- - SWQEFP- DI KDSRSLGLGPCQHAL - - TMAQSCLPRGKS- - - 49
17_ - - - - HLRRLI SFQP- - - - VSNSWK- NSRHRASLGL GPCLHAL - - SNAQSCLPPGY- - - - 44
20_ ----SVG AFPFR- - - - - QYQSWK- NSRHRASL GLGPCQHAL - - AVAQSCQPRGK- - - - 42
26_ - - - PLRRLI FPYEPS| K- FVEEFPGLLKNSSI FGAWBL PACF- - VNGQSCLPRGK- - - - 49
30_ -- - PLQR- - FSLQPSI K- FNEAI SRLLKDSSSLGLGPASMPV- - TMKQSCLPRGKSLK- 50
1_ - - SPSA- - VFSSA- - - S| NRGRI P- DI KDSHLWG- - LVLAACFGMV AQSCI PRENP- - - 45
6_ - - SPSS- - TFSLS- - - SI NLGRI P- DI KDSHLWG- - LVPARLLPV- AP LLTW - - - - - 42
7_ - - SPSAR- | FSQQ - - YQ RGRI P- DI KDSHLWG- - LVRAACLDN- ETI LLTSGKI - - - 46
23_ --~PFR-- LI FLS- - - SI NRGRI P- DI KDSHLWG- - LVLASM_CP- NNLAYLGKSLK- - 45
13_ HLASI NF- PYSQ - - - SNSWKQFP- DI KDSHLWG- - LVLASMPCQALSLAI PRGNPKTC 52
19_ - - - HLAAPKFPLS- - QYQVRGRI S- - - RHRSI FGAWSLPACF- - VYGSI LLT- SEl --- 45
18_ - - - HLAS- AFPFQ - PVQFLEEFPAPLKI VDLWG- - LVLACM - HRNNLAYL- GKI - - - 45
3_ -- - SLQR- YFPS- - - AVQFVEEFQ - TLKI ASWG- LVLPHAL- - - - TTI MLPREPL- - - 42

Figure 4.ClustalW (1.83) multiple sequence aligntnéhe amino acids sequences were aligned usirsgati
software. The sequences are aligned with each,atlitr the query sequence (the sequence with allathino
acids found in other samples) at the top and suwlesggsequences below. Gaps (spaces formed when two
clusters are aligned by an extension of the pagna&lgynment) are represented by "-" symbol. Thing total
numbers of amino acids are shown on the right;aligned amino acids are shown at the centre whiée t
running samples are shown on the left.

3.5 Generation of phylogenetic tree
The phylogenetic tree was used to determine polphsms in the CCR5 gene as evidenced by the pres#nc

six different clusters (A-F; Figure 5). Based or fthylogenetic tree generated, it was seen tha tere six
main phylogenetic groups of the CCR5 gene (Figyiuggesting that the gene is highly polymorphic
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Figure 5.Phylogenetic tree of CCR5 gene sequences from theodinces of Kenya based on 4 sequenced
samples per province. It was generated by clustdf¥vare to show how closely related the aligneglisaces
were.

4. Discussion

4.1 CCR5-A 32 Gene Mutation Frequency in Kenya and Possible Explanation of Disparity of HIV Prevalencein

the Different Parts of the Country

This study involved the use of 200 samples fromelight provinces of Kenya that is 25 per provintiee study
aimed at explaining the differences in HIV prevakenn different parts of the country by presencd an
distribution of CCR5-32 bp polymorphisms. The résidhowed that there is no evidence of C@RS32 bp
mutation in the Kenyan populations. This is becatreen the gel electrophoresis results, all thedsasbserved
were estimated to have a molecular weight of 17@$ppposed to 147 bp which would have been the i€as
CCR5A 32 bp mutations were present. Although this stadglyzed only 200 samples in the country, the data
suggested that CCR5-32 bp deletions do not necessarily play any ingydrtole in the differences in the HIV
prevalence in different regions of the country wehétyanza and Nairobi provinces has the highest HIV
prevalence while North Eastern has the lowest. ICtietors therefore, could be the course of thipdaliity that
ranged from 1% -4% in 2003 and from 1%-30% in 2Q0dntral Bureau of Statistics, Kenya Demographit an
Health Survey, 2004: Populations Projections, CB&MASCOP, 2005).

Although CCR5A 32 bp deletions do not necessarily play an imporiale in the differences in HIV prevalence
in different regions of the country, its absenceldgossibly be used to explain the severity of disease as
compared to populations in European countries whbee allele is present. This is because32/A 32
homozygosity are protected against acquisition Bf-H by the mucosal route (Littman and Unutmaz, 7299
which is the main route of infection in Kenya aie tworld at large while heterozygous progress glawl
AIDS. This study confirmed the findings by otheudies that CCR%x 32 mutation is rare in African population
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(Karamet al., 2004). The studies were done independently onCaucasians and revealed that this mutation is
rare in non-Caucasian populations. A north to sguétdient in the delta 32 allele frequency has beported
across Europe, with the highest allele frequeniciegbe Finnish and other populations living arouhd Baltic
Sea (10%—-20% heterozygous; 1% homozygous), antbtrest in Sardinia and Greece, where the frequency
drops to almost zero (Martins@hal., 1997; Libertet al., 1998; Magieronskat al., 1998). The mutation is also
seen at very low frequencies in populations fromds&rabia, Syrian Arab Republic, Islamic Repuldiciran,
Tunisia, Morocco, Cyprus (Greek), India, Pakistad @sia. It is rare in native populations from sséharan
Africa and Oceania (Lucotte, 2001).

Lack of the CCR% 32 mutation in the Kenyan population is consisteith the location of the origin of the
mutation in northern Europe. In addition, frequescof the deletion gradually decrease as the disténom
Europe becomes greater and it is rare in AsiaFtreEast, Oceania and South Africa (Karetral., 2004). In
addition to the gradient seen in Europe, a gradietgtide Europe also exists for the mutation actiosdMiddle
East region and into Asia, the Far East and Oceardaacross Europe into Africa. This is in accoogawith a
single point of origin for the mutation locatedrinrthern Europe, where the highest frequenciethiodeletion
have been reported (Karaatal., 2004).

The differences in prevalence of HIV in differertr{s of the country may be due to cultural prasticeligious
backgrounds and socio economic status and othtréadut not due to CCRA-32 mutations. For example,
Nyanza province has the highest HIV/AIDS prevalemaessibly due to cultural practices such as wife
inheritance and widow cleansing. In addition torhfal cultural practices, the lower status of womise, social
stigma surrounding HIV/AIDS and extreme poverty aoatributing factors to the high HIV/AIDS prevaten
rate in the province (Zulu, 1996; Bractetial., 2002; Luke, 2002).The fact that the Luo as amamity do not
practice circumcision is also considered a faatothe high incidence of HIV/AIDS in Nyanza (Auvettal.,
2001). Nyanza is also a major overland trade rdithte.main trucks stop on the interstate highwagdifeg

Uganda, Rwanda, Burundi and Congo are in Kisurtyu(blyanza province) and Busia town in
Western migration. This causes the movement o&latgnbers of young men and increasing women tescitd
large commercial farms and these contribute th bigvalence rate in this area (Zulu, 1996; Braeher

al., 2002; Luke, 2002).

Malaria too, which is endemic in this area migHtuence HIV transmission as it is associated witnsient
increase in semen HIV viral loads and thus coulttdase the susceptibility of the population to Hi&/
epidemic (Hoftmaret al., 1999). High HIV prevalence in Nairobi province ynae as a result of its high
population and the fact that it is the businesdreeas compared to other provinces. Islamic retigio North
Eastern, which condemns infidelity, nomadic pragiand low population, may have contributed to low
HIV/AIDS prevalence in the area (Hoftmabal., 1999). Many other demographic and social charisties are
associated with HIV infection. The wealthiest qilnbf the population has the highest prevaleneerly 10%,
while prevalence among the poorest is less thanMét who sleep away from home more than 5 days in a
month have 3 times the prevalence of those whorrgeep away 5 or fewer nights. Women who are wiglbw
/divorced/separated also have high rates of HI¥dtibn.

Though this study showed that the CCR32 mutations is absent in the Kenyan populatibis conceivable
that other mutations in the CCR5 gene which disitgtfunctionas a co-receptor may account for some
instances of this natunasistance to HIV-1 in Kenyan population like thregiitutes in Nairobi that were found
to be resistance to HIV (Rupettal., 2000). A preliminary genetic survey of sevenaljor ethnic groups in the
world where CCR% 32 mutations are rare has found several otheresmguvariationgn the CCR5 locus,
including a frame-shift mutation in the lasthsmembrane region that knocks out the last SAaacids (Smith

et al., 1997; Kostrikiset al., 1998). This polymorphism, designated "del893€ priesent a&n allelic frequency

of 0.04 in the Chinese and Japanese populatindscould be severe enough to knock out the cgtece
function of the molecule. Therefore, exposed uninfectedviddals in the Kenyan populatiorshould be
screened for this polymorphism, and propevitro studies for co-receptor function performed withsthutant
allele.

Other genetically host factors affecting HIV sugdasfity and disease progression include a CCR5 &AG/G
promoter polymorphism (McDermotgt al., 1998), a CCR2 point mutation (Sméhal., 1997; Kostrikiset al.,
1998) and a mutation in the CXCR4 ligand (Winldeal., 1998). The CCR2b mutation designated as CCR2641
is found in linkage with at least one CCR5 promatelymorphism (Martinsomt al., 1997) and is prevalent in
populations where CCRA-32 is nonexistent. Recently, a polymorphism cdimgjsof a conserved valine to
isoleucine change in the first transmembrane segofe@CR2bwas discovered to be associated with delayed
progression (twdo four years) to AIDS (Martinsoret al., 1997). Other genes which influence disease
progression include the major histocompatibilityngadex (MHC; human leukocyte antigen (HLA) classtldl)
genes; these influence host immune responsesxaorpde, persons with full heterozygosity at Hekass | loci
have a slower rate of disease progression; thisesumably because the greater diversity of availalass |
molecules allows these individuals to respond taneneased number of viral antigenic epitopes (Kaiual.,
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2000). For instance, a small group of sex workefsairobi, Kenya, has remained uninfected by HI\dekspite
intense exposure and are defined as resistant\felHhfection (Fowleet al., 1996). HIV-1 resistance in this
cohort was not due to altered cellular susceptybibh HIV-1 or to known chemokine-receptor polymbigms
(Fowle et al., 1998). This has been associated with certain Hia&scl and Il alleles (MacDonakd al., 2000),
CD8' responses to HIV-1 CTL epitopes (Rowlagichl., 1998); Kaulet al., 2000), T-helper responses (Katil
al., 2000), and HIV-1-specific IgA (Kat al., 2000).

5.2 Polymorphism of CCR5 Gene in the Kenyan population

After analyzing all the PCR products by gel eleghoresis where it was revealed that CGR32 bp mutation

do not exist in the Kenyan population, DNA sequegcwas done to determine the genotypes of the PCR
products that were amplified. The sequencing cordit that the amplified PCR products were genotygbelse
CCR5 gene. The nucleotide sequences of the CCR& gemerated from the 32 samples that were sequenced
were translated to amino acids and analysed usiagclustalWW software (Higginset al., 1994). From the
analysis, it was seen that there were amino acjdesee differences among them showing that the CgzRg&

is not highly conserved in the Kenyan populationcisan analysis has not been done before. In ogteted
studies, scientists have only evaluated for theqiree or absence of the32 base pair mutations but not for
amino acid conservation.

To determine the phylogenetic similarities or difleces among these sequences, a phylogenetic ase w
constructed using the Treeview (Page, 1996) phyletie tree construction software. From the analy8is
different distinct clusters resulted indicatingttti@ere were 6 different phylogenetic groups of @@R5 gene in

the population studied. This was an indication that CCR5 gene is highly polymorphic (Fig. 4.5)isTis the

first time that such a sequence phylogenetic aisahgs been done indicating the phylogenetic diffees of the
CCR5 gene.The two findings mentioned above may frapécations in the efficiency of the CCR5 co-rpta
usage in the Kenyan population. It is important ttadies be conducted to determine whether thaeseg
polymorphisms of the CCR5 gene may have implication the efficiency of HIV transmission in the Kany
population.

5. Conclusion

The study concluded that CCR532 bp mutations do not exist in the sampled pdfmuidrom Kenya. All the
samples analyzed had a molecular weight of 179 oppposed to 147 bp indicating that there isAn82
mutation.

The study also concluded that CCR%2 bp deletions do not seem to play any impontaletin the differences
in the HIV prevalence in different regions of theuatry where Nyanza and Nairobi provinces has tgadst
HIV prevalence while North Eastern has the low&gher factors like cultural practices, religiouskgrounds
and socio economic status therefore, could be dhbese of this disparity in HIV prevalence in diget parts of
Kenya.

It was also found that CCR5 gene is not consermatié sampled population from Kenya. It also rexgdhat
some regions of the gene in all the samples hack sanaher of the bases suggesting that some regieans a
conserved while others are not and that C@QRE2 gene is highly polymorphic in the sampled papah from
Kenya.
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