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Reducedd CCR5 expression in Ethiopian commercial sex 
workerss with CCR2b-64l polymorphism 



4 4 
i i 

L L U d H ^ ^ ^ 



Effec tt  of CCR2b-64l genotyp e on CCR5 expressio n 85 

Reduce dd CCR5 expressio n in Ethiopia n commercia l sex 
worker ss wit h CCR2b-64l polymorphis m 

Tsehayneshh Messele*, Mathias Aklilu\ Tsigereda Birru*, Margreet Brouwer*, 
Arnaudd L. Fontanet*#, Tobias F. Rinke de Wit* , H. Schuitemaker* and Dörte 
Hamann*. . 

'Ethio-Netherlandss AIDS Research Project (ENARP) at the Ethiopian Health and 
Nutritionn Research Institute (EHNRI), Addis Ababa, Ethiopia. 
^CLB,, Department of Clinical Viro-lmmunology and Laboratory for Experimental 
andd Clinical Immunology, Academic Medical Center, University of Amsterdam, the 
Netherlands. . 
#Municipall Health Service, Division of Health and Environment, Amsterdam, The 
Netherlands s 

Abstrac t t 

AA cross-sectional study was conducted in HIV-1-infected and -non-
infectedd Ethiopian commercial sex workers (CSW) to determine expression 
levelss of CCR5 and CXCR4 and to study the association of CCR5 expression 
withh CCR2b polymorphism (CCR2b-64l). Expression of CCR5 was found to be 
upregulatedd in CD45RA+CD4+ and total CD4+ T cells of HIV-- infected subjects 
comparedd to the uninfected group, whereas the expression level of CXCR4 in 
CD45RO+CD4++ and total CD4+ T cells was reduced in the HIV-1-positive CSW. 
Thee overall frequency of the CCR2b-64l polymorphism was 55% in the CSW. 
Theree was no significant difference in the percentage of the CCR2b-64l 
genotypee between the HIV-1-infected (64.7%) and -non-infected (47.8%) 
subjects.. Remarkably, within the HIV-1-negative CSW a significantly reduced 
CCR55 expression on total CD4+ T cells was observed in individuals with 
CCR2b-64ll genotype compared to CCR2b wild type. This association was not 
presentt in HIV-1-infected CSW. Despite reduced CCR5 expression in vivo, in-
vitrovitro susceptibility and p24 production after infection with different HIV-1 
biologicall isolates were not different between HIV-1-negative CSW with CCR2b 
wild-typee and mutant genotype. The results of this study suggest that CCR2b-
64II might mediate its disease progression delaying effect by affecting CCR5 
expression. . 



866 Chapte r 6 

Severall chemokine receptors CCR5, CXCR4, CCR2 and CCR3 have been 
shownn to serve as co-receptors for HIV-1 entry into target cells. HIV-1 variants 
thatt are restricted to primary cells use CCR5, whereas T-cell line tropic viruses 
alternativelyy or additionally use CXCR41*3. CCR2b and CCR3 are used rarely4. 

Polymorphismss in the HIV-1 co-receptors genes have been associated 
withh altered cellular susceptibility and disease progression. Although it is not 
absolute,, the A32 base pair deletion in the CCR5 gene was reported to confer 
HIV-11 infection resistance5"8. In addition, individuals heterozygous for this 
deletionn have been shown to have slower disease progression compared to 
individualss with the wild-type genotype9'10. The CCR5 A32 deletion is very rare 
inn Africans11. In contrast, a polymorphism in the CCR2b gene in which a valine 
iss switched into isoleucine at position 64 of the transmembrane domain 
(CCR2b-64l)) seems to be common in Africans12. This allelic variant of CCR2b 
hass been associated with delayed disease progres-sion12"16. The mechanism 
byy which this mutation protects against disease progression is not clear. 
However,, it has been reported that CCR2b-64l is linked with a point mutation in 
thee CCR5 regulatory region and a possible effect on the expression level of 
CCR55 has been suggested16. 

Wee studied CCR5 and CXCR4 expression in 64 female Ethiopian 
commerciall sex workers (32 HIV" and 32 HIV+) and CCR5 expression in relation 
too CCR2b genotype in 40 of these women (23 HIV" and 17 HIV+) after informed 
consentt to participate in the study. 

First,, we determined the expression pattern of the HIV-1 co-receptors in 
thee two study groups. Naive and memory as well as total CD4+ T cells 
expressingg CCR5 and CXCR4 were quantified in whole blood or isolated PBMC 
byy three colour flowcytometry using combinations of PercP-conjugated CD4 
Moabb with FITC-conjugated CD45RA or CD45RO Moabs (Becton Dickinson, 
Sann Jose, CA) and PE-conjugated CCR5 (2D7) or CXCR4 (12G5) Moabs 
(Pharmingen,, La Jolla, CA). A minimum of 1500 CD4 cells were analayzed by 
settingg a live gate around the CD4+ T cells using a FACScan flowcytometer with 
thee Cellquest software. 

Tablee 1. Median (95 percentile ranges) CCR5 and CXCR4 expression on total 
ass well as naive (CD45RA+) and memory (CD45RO+) CD4+ T cells in HIV-
infectedd and -non-infected subjects 
Co-receptorrr-celll HIV (n=32) HIV+ (n=32) 
subset t 
%% CCR5+ cells within: 
Totall CD4+T cells 28(14-54) 36(17-58)T* 
CD45RA+CD4++ T cells 9(3-34) 14( 4-49) T* 
CD45RO+CD4++ T cells 35(19-83) 38(16-90) 
%% CXCR4+ cells within: 
Totall CD4* T cells 98(66-100) 87(55-98)1* 
CD45RA+CD4++ T cells 86(52-99) 92(38-98) 
CD45RO*CD4++ T cells 71 (35-94) 55(36-93)1* 
** p<0.05 , Mann Whitney U test 
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Expressionn of CCR5 was found to be upregulated in CD4+CD45RA+ (naïve) and 
totall CD4+ T cells of HIV-1 -infected CSW compared to HIV-1-negative CSW 
{Tablee 1). The expression of CCR5 on the CD45RO+CD4+ (memory) T cells was 
nott different between the two groups. The opposite was observed for CXCR4 in 
thatt it's expression in both CD4+CD45RO+ and total CD4+ T cells was 
significantlyy reduced in the HIV-1-positive group when compared to the HIV-1 -
negativee group supporting previous observations on the opposite regulation of 
CCR55 and CXCR4 expression after cellular activation17. In contrast to previous 
studiess reported from western countries where CCR5 is mainly upregulated on 
memoryy cells17,18, we observed a significant increase of CCR5- expressing cells 
withinn the naive but not the memory CD4+ T-cell population of HIV-1-infected 
CSW.. Recently, it has been shown that CCR5 expression is already increased 
inn memory subsets of healthy HIV-1-negative Ethiopians19 and our result may 
suggestt that during HIV-1 infection the expression of CCR5 on the memory 
subsett is not further upregulated. It is remarkable that CCR5 was found to be 
upregulatedd on naïve (CD45RA+) CD4+ T cells after HIV-1 infection. Previously, 
itt has been shown that cytokines can induce activation and proliferation of naïve 
TT cells without a switch to a memory phenotype20,21. Elevated cytokine levels 
duee to chronic immune stimulation during HIV-1 infection could therefore lead to 
upregulationn of CCR5 on phenotypically naïve CD4+ T cells. 

Inn order to determine the frequency of CCR2b-64l polymorphism in the 
HIV-1-infectedd and -non-infected CSW and to analyze its effect on CCR5 
expression,, CCR2b genotyping was performed on genomic DNA isolated from 
cryopreservedd PBMC (Qiagen blood kit, Westburg, Germany) using BsaBI 
RFLP-PCRR analysis as described previously13. There was no difference in the 
frequencyy of CCR2b-64l polymorphism between the HIV-1-infected and -non-
infectedd groups (Table 2). 

Tablee 2. Frequency of CCR2b-64l mutation in HIV-1-infected and- non-infected 
CSW W 
Genotype e 
CCR2-64I/+ + 

CCR2-64I/64I I 
CCR2-64/+and64l/64l l 
Totall frequency of 
CCR2-64/+and64l/64l l 

HIVTCSWW HIV1+CSW 
39.1(9/23)) 58.8(10/17) 
8.7(2/23)) 5.9(1/17) 

47.8%(11/23)) 64.7%(11/17) 

55%% (22/40) 

PP value 
NS S 
NS S 
NS S 

Thee expression of CCR5 was significantly lower on CD4+ T cells of the HIV-1 -
negativee CSW with the CCR2b-64l genotype (Fig. 1). Although not significant, 
thee tendency for lower expression of CCR5 was also observed for both 
CD45RA** and CD45RO+ CD4+ T cells of the HIV-1-negative CSW (data not 
shown).. In the HIV-1-infected CSW, the CCR5 expression in all subsets tested 
wass not different between wild-type and CCR2b-64l mutants. 
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Fig.. 1. Percentage of CCR5 expressing CD4+ T cells of HIV-infected and -non-
infectedd CSW with CCR2 wild and mutant genotype. Each dot represents a single 
subject.. Bars indicate the means and the standard deviations. 

Too study whether the difference in CCR5 expression between CCR2b-64l and 
CCR2bb groups is also reflected in in-vitro susceptibility to HIV-1 infection, we 
comparedd TCID50/ml and p24 production of PBMC from HIV-1-negative CSW 
withh CCR2b-64l mutant and wild-type genotype. The PBMC were prestimulated 
withh PHA for three days and infected by four different HIV-1 primary isolates. 
Susceptibilityy was determined by measurement of p24 production over a two 
weekss period. The difference in virus titer expressed as 50% tissue culture 
infectiouss dose (TCID50) per milliliter of supernatant was used as a measure of 
in-vitroin-vitro susceptibility. As shown in Fig. 2 A and B, the observed difference in 
CCR55 expression between the CCR2b and CCR2b-64l groups was not 
associatedd with a difference in in-vitro susceptibility as measured by TCID50 and 
p244 production. 
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Fig .. 2. In-vitro susceptibility of PBMC from HIV non-infected CSW with CCR2b 
wild-typee and CCR2b-64l mutant genotype to infection by 4 HIV-1 biological 
cloness expressed as A) mean log(TCID5o/ml), calculated as the average 
log(TCID50/ml)) of the four HIV-1 clones and B) mean P24 production, calculated 
ass the average P24 production of the four HIV-1 clones. Each dot represents 
PBMCC from a single subject. Bars indicate the means and the standard 
deviations. . 



900 Chapter 6 

Thee expression pattern of the HIV-1 co-receptors on the surface of T 
cellss is believed to have an influence on susceptibility of CD4+ T cells to HIV-1 
infection,, viral tropism and rate of disease progression22,23. Primary isolates 
usee CCR5 as a co-receptor whereas CXCR4 is used by SI viruses that appear 
laterr in the infection period1"3. In Ethiopia, the circulating virus is subtype C, 
whichh has been shown to use mainly CCR5 as co-receptor. Furthermore, the 
appearancee of SI viruses later in the course of the infection was found to be 
raree for subtype C viruses24. Therefore, CCR5 plays a crucial role in HIV-1 
infectionn with subtype C. The results of our study show that the expression of 
CCR55 on CD4+ T cells is significantly reduced in HIV- uninfected Ethiopian 
CSWW with the CCR2b-64l genotype. Despite the difference in CCR5 
expressionn levels, no association with reduced in-vitro susceptibility was found 
supportingg previous reports on the lack of an association of CCR2b-64l 
polymorphismm and HIV-1 trans-mission14,23. These data are in agreement with 
ourr previous observation that CCR5 expression level is not a limiting factor for 
HIV-11 infection in Ethiopians (Messele et a/., submitted for publication). It is 
remarkablee that in Caucasians where CCR5 expression levels have been 
shownn to correlate with in-vitro susceptibility to HIV-118, the CCR2b-64l 
genotypee was associated with very low in-vitro susceptibility (H. Blaak, personal 
communication).. CCR5 expression was not different in HIV-1-infected 
Ethiopiann CSW with either a CCR2b-64l or wild-type genotype. This may be a 
reflectionn of the increased state of cellular activation in HIV-1-infected 
individuals,, resulting in upregulation of CCR5 which was also observed in this 
study,, possibly masking the difference in the expression levels of CCR5 linked 
too the CCR2b-64l genotype. Although several reports have confirmed that 
CCR2b-64ll is associated with a delay in progression to AIDS, the mechanism of 
thiss delaying effect is not clear. CCR2b is not a major co-receptor and is rarely 
usedd by primary HIV-1 strains. In addition, CCR2b and CCR2b-64l function 
equallyy well as HIV-1 co-receptors25. Therefore, it has been suggested that it 
mayy exert its protective effect indirectly through interaction with other 
chemokinee receptors. The CCR5 and CCR2 chemokine genes are located at 
closee proximity on chromosome 3 separated by 2 0 K B . Recently, it was 
reportedd that another polymorphism in the CCR5 promotor region (CCR5-
5963T)) is tightly linked to the CCR2b-64l genotype16 in all races including 
Africans27.. In contrast to a report by Marianni et a/.28, we observed a reduced 
CCR55 expression in HIV-1- negative individuals heterozygous or homozygous 
forr CCR2b-64l. Although the reduced expression of CCR5 was not observed in 
HIV-1-infectedd individuals with CCR2b-64l mutation, the protective effect of 
CCR2b-64ll may still be mediated by affecting CCR5 expression levels. 
Reducedd in vivo, CCR5 expression could influence the viral set point shortly 
afterr primary HIV-1 infection. During chronic HIV-1 infection, CCR5 expression 
mightt be upregulated due to persisent immune activation masking the effect of 
CCR2b-64ll genotype. The lack of association between the difference in the in-
vivovivo expression of CCR5 and in-vitro susceptibility and p24 production could be 
explainedd by the prestimulation of PBMC with PHA. This may lead to an 
upregulationn of CCR5 to levels above a certain threshold in CCR2b-64l and 
wild-typee individuals. 
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Ourr observation of reduced in-vivo CCR5 expression in CCR2b-64l 
HIV-1-negativee individuals together with a recent report that the delaying effect 
off this polymorphism is more pronounced during infection by NSI HIV-1 
variants133 suggests that the slower disease progression associated with this 
mutationn could be mediated by reduced CCR5 expression. Finally, our data 
showw that the CCR2-64I mutation is sufficiently present in Ethiopians and the 
usee of this mutation for prognostic genotyping in this population needs to be 
assessed. . 
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