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CCR55 and CXCR4 coreceptor expression levels are associated with 
HIV-11 disease progression, but not with R5 to X4 virus phenotype 
evolution n 

HIV-11 infection is in general established by variants that use CCR5 as a coreceptor for viral entry 
(R55 variants). Virus variants that use CXCR4 (X4 variants) emerge in approximately 50% of 
infectedd patients. We studied the impact of expression levels of CCR5 and CXCR4 on disease 
progressionn and the emergence of X4 variants in a prospective study of 102 seroconverters. 
Expressionn levels of the total CD4+ T cell population as well as the CD45RO" and CD45RO+ CD4+ T 
celll subsets were determined before and at one and five years after seroconversion. In survival 
analyses,, high preseroconversion levels of CCR5 on total, but not CD45RO" and CD45RO+, CD4+ T 
cellss were predictive for more rapid development of AIDS (RH=2.55, 95% CI: 0.99-6.52). At five 
years,, high CCR5 expression on total and CD45RO" CD4+ T cells was predictive for subsequent 
shorterr survival (RH=2.70. 95% CI: 1.06-6.92 and RH 3.54, 95% CI: 1.27-9.90, respectively). Asso-
ciationss between coreceptor expression levels and virus phenotype evolution were studied at one 
yearr after seroconversion. Expression levels of CCR5 were not associated with the development of 
X44 HIV-1 variants, whereas high CXCR4 levels on total and CD45RO" CD4+ T cells were 
associatedd with a delayed development of X4 variants (RH=0.49, 95%CI: 0.20-1.21 and RH=0.41, 
95%CI:: 0.17-1.02, respectively). In a larger study population, high early serum viral RNA and low 
CD4++ T cell numbers were both associated with more rapid development of X4 HIV-1 variants. Our 
resultss reemphasize the role of CCR5 in AIDS pathogenesis but exclude coreceptor expression 
levelss as a driving force for virus phenotype evolution. 

Coreceptorr usage of HIV-1 is an important 
determinantt of viral phenotype and tropism and 
playss an important role in AIDS pathogenesis 
(reviewedd in [1,2]). In general, HIV-1 infection 
iss established by macrophagetroplc, TÜCR5 
(R5)-utilizingg variants [3,4], which do not 
inducee syncytia in T cell lines (non-syncytium-
inducing,, NSI). The near complete resistance 
off  CCR5 A32 homozygotes to HIV-1 infection 
underlinedd the importance of CCR5 for the 
establishmentt of HIV-1 infection [5,6]. The 
emergencee of CXCR4 (X4)-utilizing HIV-1 
variants,, which induce syncytia in T cell lines, 
iss a hallmark of progressive HIV-1 disease and 
hass been associated with a subsequent more 
rapidd CD4 T cell decline [7-10]. 
Inn subtype B HIV-1 infected patients, X4 SI 
variantss evolve in approximately half of the 
individualss [7] and in general only after CD4+ 

TT cell numbers have declined below 400 cells 
perr ul of blood [11]. In vitro site directed 
mutagenesiss of gpl20 indicated that only a 
limitedd number of amino acid substitutions in 
thee third variable region of gpl20 confers the 

abilityy to use CXCR4 [12,13]. The capacity to 
usee CXCR4 seems to be a beneficial property 
forr the virus population, since this results in an 
expandedd target cell population in vivo [14-
17].. Tn this light, it is paradoxicaT that X4~ 
variantss only emerge in a limited number of 
infectedd patients and only in the later stages of 
HIV-11 infection. Hypotheses to explain these 
findingss include immune control over X4 
variantss [11], loss of fitness of evolutionary 
intermediatess [18], altered levels of SDF-1, the 
ligandd of CXCR4 [19] or virally encoded tat 
protein,, which also has been shown to bind 
CXCR44 [20,21]. In addition, host genetic 
factorss have been implicated in the rate of SI 
conversion.. The presence of a HLA-DQ2 allele 
[22],, a polymorphism in the IL-4 promoter, 
resultingg in a more pronounced Th2-like 
cytokinee profile [23] and a leucin to isoleucin 
substitutionn in the second transmembrane 
regionn of CCR2 [23-25] have been associated 
withh the emergence of HIV-1 X4 phenotype. 
Furthermore,, low level of CCR5 expression 
andd high level of CXCR4 expression have been 
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suggestedd to enhance the rate of evolution 
towardss X4 variants [26,27]. 
Antagonistss to chemokine receptors CCR5 and 
CXCR44 are potent inhibitors of R5 and X4 
HIV- 11 variants in vitro [19,28-34] (reviewed in 
[35])) and have been implicated as potential 
therapeuticc agents. One major concern is the 
possibilityy that these compounds induce a 
switchh towards alternative coreceptor usage. 
Moree specifically, a switch from R5 to the 
moree pathogenic X4 variants would be 
detrimental.. Therefore, insights in the 
determinantss for this phenotypic switch are 
crucial.. Here, we studied in a prospective 
cohortt whether expression levels of CCR5 and 
CXCR44 influence the rate of disease 
progressionn and the conversion rate towards X4 
HIV- 11 variants. 

Patientss and Material and Methods 

Patients Patients 
Patientss who seroconverted during follow up in the 
prospectivee Amsterdam .Cohort on HIV-1 infection 
andd AIDS were selected for further analyses. 
Sampless were selected based on the availability of 
cryopreservedd PBMC before and at one and five 
yearss after seroconversion. Seroconversion date was 
estimatedd as the midpoint between last seronegative 
andd first seropositive visit. In general, participants 
weree followed every three months and clinical status 
wass monitored, PBMC were stored and CD4+ T cell 
numberss were enumerated using standard procedures 
forr cell cytometric analyses. Levels of viral RNA in 
serumm were determined by NASBA (Organon 
Teknika,, Boxtel, the Netherlands). The presence of 
CXCR4-utilizing,, syncytium inducing HIV-1 
variantss was prospectively determined by 
cocultivationn of lxlO6 patient PBMC with the MT2 
TT cell line [36]. SI conversion was estimated as the 
midpointt between the last SI negative and the first SI 
positivee visit. PBMC were available from a total of 
1022 seroconverters at either preseroconversion 
and/orr 1 and/or 5 years after seroconversion (n=56, 
n=977 and n=64 patients, respectively). Median age 
att seroconversion was 35 years (rang 22 to 55 
years),, median seropositive follow-up 7.3 years 
(rangee 0.7 to 15.6 years). Samples were retrieved at 
aa median of 2.8 years before seroconversion (range 
11.22 to 0.6 years), at a median of 1.2 years after 
seroconversionn (range 0.9 to 2.4 years) and at a 
mediann of 5.2 years (range 4.8 to 6.4 years). Forty-

fourr patients developed AIDS and 28 patients 
developedd SI HIV-1 variants during follow-up. 
Twenty-twoo patients received a protease inhibitor 
containingg triple-drug regimen (at a median of 6.97 
yearss after seroconversion, range 0.67 to 11.67 
years). . 
Thee effect of early viral RNA load in serum and 
CD4++ T cell numbers on the development of X4 
HIV-11 variants was analysed in a larger cohort of 
patients.. This study population was previously 
describedd [24,37], and consisted of 131 patients who 
seroconvertedd during follow-up in the cohort and 
2333 patients who were seropositive at entry in the 
cohortt between October 1984 and April 1985. Of the 
latterr patients, the seroconversion date was imputed 
ass 1.5 years before entry in the cohort. Early CD4+ T 
celll  numbers and viral RNA load between 6 and 24 
monthss after (estimated) seroconversion were 
availablee from respectively 201 and 177 participants 
off  this cohort. CD4+ T cell numbers and serum viral 
RNAA load were categorized in three groups for 
survivall  analyses (cut-off points for CD4 count were 
5500 and 786 cells/^1, and for serum viral RNA 4.07 
andd 4.64 log copies/ml). 

FlowFlow cytometry 
Expressionn levels of HIV-1 coreceptors were 
determinedd by four-colour flow cytometry. Patient 
PBMCC were stained with monoclonal antibodies 
againstt CCR5 (clone 2D7, FITC conjugated, 
Pharmingen,, San Diego, CA), CXCR4 (clone 12G5, 
PEE conjugated, Pharmingen), CD45RO (APC 
conjugated,, Becton Dickinson, San Jose, Ca) and 
CD44 (PerCP conjugated, Becton Dickinson). Flow 
cytometricc analyses were performed on a 
FACScaliburr (Becton Dickinson, San Jose, CA). 
CCR55 and CXCR4 expression was established on 
gatedd CD4+ T cells and CD45RO+ and CD45RO 
CD4++ T cells. In the same cohort, expression levels 
off  activation markers were determined, as will be 
describedd separately [38]. 

StatisticalStatistical analyses 
Statisticall  analyses were performed using SPSS 
softwaree (version 10.0, SPSS Inc., Chicago, 111). 
Pairedd T-test was used to compare CCR5 and 
CXCR44 expression levels at the different timepoints. 
Correlationss were analyzed using the Pearson's 
correlationn coefficient (rp) or Spearman's correlation 
coefficientt (rs), when data did not display a normal 
distributionn (CCR5 and CXCR4 expression on 
CD45ROO CD4+ T cells and viral RNA load in 
serum).. Serum RNA levels at viral set-point were 
comparedd among two groups of patients stratified by 
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Figuree 1. Expression levels of CCR5 and CXCR4 among total (left panel), CD45RO- (middle) and CD45RO+ 
(right)) CD4+ T cells during HIV-1 infection. Filled circles indicate CXCR4+ cells, open circles indicate CCR5+ 
cells.. Average percentage of CCR5 or CXCR4+ cells and standard deviations are shown. Timepoint 0 indicate 
preseroconversionn measurements. Significant differences at one and five years after seroconversion as 
comparedd to values before seroconversion are indicated by asterisks, *: p<0.05, **: p<0.01, ***: p<0.001. 

mediann preseroconversion values of CCR5 levels by 
Mann-Whitneyy U test. 
Kaplann Meier and Cox proportional hazard analyses 
weree performed to study the effect of CCR5 and 
CXCR44 expression levels on disease progression 
andd conversion to X4 variants. For survival analyses, 
expressionn levels of CCR5 and CXCR4 were 
stratifiedd into two groups based on median 
expressionn levels at each timepoint. Significance in 
Kaplann Meier and Cox proportional hazard analyses 
wass determined by Log rank test and Log likelihood 
ratioo test, respectively. P values of 0.05 or lower 
weree considered statistically significant. 

Results s 

ExpressionExpression levels ofCCRS and CXCR4 before 
andand during HIV-1 infection 
Inn a cohort of 102 patients, expression levels of 
CCR55 and CXCR4 were determined before 
seroconversionn and at one and five years after 
seroconversion.. Expression of both coreceptors 
wass determined by four-colour flow cytometry 
onn total, CD45RO+ and CD45RO CD4+ T 
cells.. As previously described [15,39-41], 
CCR55 and CXCR4 are differentially expressed 
onn CD45RO and CD45RO+ CD4+ T cells. 
Beforee seroconversion, CD45RO+ cells expres-
sedd both CXCR4 (average (avg) 76.6 %, 
standardd deviation (sd) 9.8 %) and CCR5 (avg. 
21.6,, sd 8.3 %). Almost all CD45RO" cells 
expressedd CXCR4 (avg. 97.9, sd 1.7%) and 

onlyy a minority of CD45RO" cells expressed 
CCR55 (avg. 1.6, sd 1.5 %). At one and five 
yearss after seroconversion, CCR5 levels were 
significantlyy increased and CXCR4 levels 
decreasedd on CD45RO', CD45RO+ and total 
CD4++ T cells as compared to levels before 
seroconversionn (figure 1). Differences in 
expressionn levels at one and five years after 
seroconversionn were not significantly different. 
CCR55 expression correlated negatively with 
CXCR44 expression levels at all timepoints, on 
thee total and CD45RO" cells (rp and rs ranging 
fromm -0.382, p=0.003 to -0.642, p<0.001). On 
CD45RO++ cells, a significant negative corre-
lationn between CCR5 and CXCR4 was only 
observedd before seroconversion (rp=-0.274, 
p=0.045). . 

Associationn of coreceptor expression and 
expressionn of the activation markers Ki67 and 
HLA-DRR on total CD4+ T cells were analyzed. 
CCR55 expression correlated significantly with 
expressionn of cellular activation marker HLA-
DRR before and at one and 5 year after sero-
conversionn (rp=0.480, 0.748 and 0.644 respect-
ively,, p<0.001) and with cellular proliferation 
markerr Ki67 (rp=0.360, p=0.008; rp=0.349, 
p=0.001;; rp=0.612, p<0.001, respectively). 
Significantt negative correlations were observed 
betweenn CXCR4 and Ki67 expression before 
seroconversionn (rp=-0.363, p=0.008). At five 
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Figuree 2. Kaplan Meier analyses for AIDS free survival by CCR5 (top panels) and CXCR4 (bottom) expression. 
Expressionn levels were stratified based on median expression at the timepoint of analyses. Thick lines indicate 
expressionn levels above median value, thin lines below median values. Survival plots for coreceptor expression 
beforee seroconversion (left panels), at one year (middle) and at five years after seroconversion (right). 

yearss after seroconversion a negative 
correlationn was observed between CXCR4 and 
Ki677 (rp=-0.490, p<0.001) and HLA-DR (rp=-
0.500,, p<0.001). These results confirm 
previouss findings that CCR5 is mainly 
expressedd at activated CD4+ T cells, whereas 
CXCR44 is mainly expressed on resting cells 
[40,42]. . 
Significantt negative correlations between 
CCR55 levels (on all CD4 subsets) and CD4+ T 
celll  numbers were observed at one and five 
yearss after seroconversion (rp and rs ranging 
fromm -0.434, p=0.001 to rp=-0.563, p<0.001). 
AA significant positive correlation was observed 
betweenn CD4+ T cell numbers and CXCR4 
levelss on total and CD45RO" CD4+ T cells at 
alll  timepoints (rp and rs ranging from 0.267, 
p=0.0122 to rp=0.478, p<0.001) and between 

CD4++ T cell numbers and CXCR4 on 
CD45RO++ CD4+ T cells at five years after 
seroconversionn (rp=0.339, p=0.008). Thus, with 
ongoingg HIV-1 infection and the increased 
generalizedd immune activation associated with 
HIV-11 infection [43], CCR5 levels increase 
whereass and CXCR4 levels decrease. 

CCR5CCR5 and CXCR4 expression levels and 
diseasedisease progression 
Wee analyzed the effect of preseroconversion 
expressionn levels of CCR5 within the different 
CD4++ T cell populations on subsequent disease 
progressionn after seroconversion. First, we 
analysedd CCR5 expression levels with respect 
too the post-seroconversion serum RNA set-
pointt (on average 12 months after sero-
conversion,, range 9 to 17 months). No signi-
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ficantficant correlation between viral RNA set-point 
andd CCR5 expression in total and CD45RO+ 

CD4++ T cells was observed (rs=-0.129, p=0.368 
andd rs=0.046, p=0.747, respectively). In 
agreement,, two groups stratified according to 
higherr or lower CCR5 expression than the 
mediann level did not display a difference in 
serumm RNA levels at viral set-point (p=0.538 
andd p=0.596 for total and CD45RO+ CD4+ T 
cells,, respectively). 
Kaplann Meier and Cox proportional hazard 
analysess were performed to study the effect of 
coreceptorr expression on disease progression 
usingg AIDS as an endpoint. In univariate 
analyses,, CCR5 expression below median 
valuess before seroconversion on total CD4+ T 
cells,, but not on CD45R04 or CD45RO CD4+ 

TT cells was associated with delayed progres-
sionn to AIDS (RH=2.55, p=0.044, table 1, 
figuree 2). In patients with expression levels 
beloww the median value, median time to AIDS 
wass delayed as compared to patients with 
expressionn levels above median levels (median 
survivall  7.52 years vs. >14.2 years for high and 
loww expression levels, respectively). No 
significantt associations between CCR5 and 
CXCR44 expression levels and disease 
progressionn were obtained at one year after 
seroconversionn (table 1). At five years after 
seroconversion,, high CCR5 expression on total 
andd CD45RO cells was a risk factor for the 
developmentt of AIDS in univariate analyses 
(RH=2.70,, p=0.031 and RH=3.54, p=0.010, 
respectively,, table 1). In multivariate analyses, 
includingg CCR5 and CCR2 genotype, CD4+ T 
celll  numbers and serum viral RNA load as 
covariates,, these associations remained 
significantt (table 1). At five years after 
seroconversion,, high CXCR4 expression on 
CD45RO"" CD4+ T cells tended to be protective 
forr the development of AIDS, although not 
significantlyy (table 1). 

Similarr results were obtained using death as an 
endpointt for survival analyses (data not 
shown).. Survival analyses were additionally 
performedd including time of initiation of triple-
drugg therapy as a censor. These analyses 
yieldedd similar results, excluding any effects of 

Tablee 1A. Cox proportional hazard analyses for the 
developmentt of AIDS based on CCR5 and CXCR4 
expressionn levels before seroconversion a 

Beforee SC Crude Adjustedb 

RH(95%CI)) pc RH(95%CI) pc 

CCR55 CD4 2.55(0.99-6.52) 0.044 2.45 (0.96-6.30) 0.062 

CD45RO-- 1.27(0.52-3.14) 0.602 1.15(0.44-2.90) 0.783 

CD45RO++ 0.66(0.26-1.65) 0.368 0.54(0.17-1.70) 0.288 

CXCR4CD44 1.63(0.67-3.99) 0.281 1.54(0.60-3.94) 0.368 

CD45RO-- 1.81(0.74-4.43) 0.190 1.72(0.63-4.74) 0.294 

CD45RO++ 1.46(0.59-3.57) 0.410 1.41(0.57-3.51) 0.455 

Tablee 1B. Cox proportional hazard analyses for the 
developmentt of AIDS based on CCR5 and CXCR4 
expressionn levels at one year after seroconversiona 

O n ee y e a r Crude Adjustedb 

afterr sc RH(95%CI) pc RH(95%CI> pc 

CCR55 CD4 0.80(0.43-1.52) 0.502 0.71 (0.35-1.43) 0.332 

CD45RO-- 0.68(0.36-1.28) 0.231 0.63(0.33-1.23) 0.177 

CD45RO++ 0.88(0.47-1.64) 0.686 0.78(0.40-1.54) 0.475 

CXCRR CD4 1.35(0.71-0.57) 0.352 1.50(0.76-2.95) 0.243 

CD45RO-- 0.89(0.47-1.70) 0.73 1.12(0.56-2.21) 0.754 

CD45RO++ 1.02(0.55-1.90) 0.96 0.95(0.50-1.79)0.863 

Tablee 1C. Cox proportional hazard analyses for the 
developmentt of AIDS based on CCR5 and CXCR4 
expressiorüevelss at five years after serocQnversiD_n_a_ 

FJvee Y e a r Crude Adjusted" 

afterr sc RH(95%CI) pc RH(95%CI) pc 

CCR55 CD4 2.70(1.06-6.92) 0.03 3.87 (0.22-12.27) 0.022 

CD45RO-- 3.54(1.27-9.90) 0.010 4.50(1.47-13.73)0.008 

CD45RO++ 1.67(0.68-4.09) 0.257 1.08(0.38-3.09) 0.885 

CXCR44 CD4 0.68(0.27-1.69) 0.400 1.03(0.28-3.69) 0.970 

CD45RO-- 0.42(0.17-1.08) 0.065 0.52(0.16-1.49) 0.222 

CD45RO++ 0.53(0.22-1.31) 0.164 0.31(0.37-4.66) 0.679 

RH,, relative hazard; 95% CI: 95% confidence interval.a CCR5 
andd CXCR4 expression levels were analysed in two groups 
stratifiedd based on median expression values at the three 
differentt timepoints. The group with expression levels below 
mediann value was used as the reference group. b Relative 
hazardss and 95% confidence interval adjusted for CCR2 and 
CCR55 genotype, CD4+ T cell numbers and, after 
seroconversion,, for viral RNA in serum. CD4+ T cell numbers 
andd viral load were analysed stratified in three groups based 
onn tertiles.c p-value according to Log-likelyhood ratio test 

therapyy (data not shown). In conclusion, these 
resultss reemphasize the critical role of CCR5 in 
HIV-11 disease progression. 
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CCR5CCR5 and CXCR4 expression and the 
developmentdevelopment of Syncytium Inducing, X4 HIV-1 
variants variants 
Wee analyzed whether expression levels of 
CCR55 or CXCR4 would influence the 
evolutionn of CXCR4-utilizing HIV-1 variants. 
Att one year after seroconversion, five patients 
alreadyy carried X4 HIV-1 variants, due to a 
rapidd conversion to X4 phenotype (n=3) or to 
putativee transmission of X4 HIV-1 variants 
(n=2).. At this timepoint, expression levels of 
CCR55 and CXCR4 among patients who 
alreadyy carried X4 variants or those who 
developedd X4 variants during follow-up were 
nott statistically different to expression levels of 
patientss who did not develop X4 HIV-1 
variantss during follow-up (figure 3). 
Att five years after seroconversion, 16 patients 
hadd developed X4 HIV-1 variants. At this 
timepoint,, these patients had significantly 
lowerr CXCR4 levels and higher CCR5 levels 
ass compared to patients who only carried R5 
HIV-11 variants. In agreement with previous 
findingss [7], patients with X4 HIV-1 variants 
hadd significantly lower CD4+ T cell numbers 
thann patients with only R5 HIV-1 variants 
(averagee 195 cells/ul, range 30 to 490 vs. 461, 
rangee 0 to 990; p<0.001). As reported above, 
CXCR44 levels correlated with CD4+ T cell 
numbers.. Therefore, we compared CCR5 and 
CXCR44 levels between patients with X4 
variantss and patients with only R5 variants 
withh less than 490 cells/ul. Differences in 
CXCR44 levels were not significantly different 
(p-valuess ranging from 0.182 to 0.448 for 
expressionn on the different subsets), whereas 
CCR55 levels were still significantly higher 
amongg patients with X4 HIV-1 variants 
(p=0.0100 to p=0.049). Expression levels from 
patientss who developed X4 variants and those 
patientss who would not develop X4 variants 
duringg follow-up were not significantly 
differentt at this timepoint. This suggests that 
expressionn levels of CCR5 and CXCR4 do not 
influencee the rate of evolution of X4 variants. 
Too further substantiate this, we performed Cox 
andd Kaplan Meier survival analyses for the 
developmentt of X4 HIV-1 variants based on 

Onee year Five years 
totall CD4+ cells 

CXCR44 CCR5 CXCR4 CCR5 

CD45RO"" cells 

Q_ _ CXCR44 CCR5 CXCR4 CCR5 

CD45RO++ cells 

CXCR44 CCR5 CXCR44 CCR5 

Figuree 3. Expression levels of CCR5 and CXCR4 
amongg total (top panels), CD45RO- (middle) and 
CD45RO++ (bottom) CD4+ T cells in relation to the 
presencee of X4 variants at one year (left panels) and 
fivee years after seroconversion (right). Black bars 
indicatee expression for patients with only NSI / R5 
variants,, white bars indicate patients who will develop 
X44 variants during follow-up and hatched bars 
indicatee patients who had already developed X4 
variantss at the time of measurement. Significant 
differencess with patients who have not developed X4 
variantss during follow-up are indicated by asterisks, *: 
p<0.05,, **: p<0.01, ***: p<0.001. 

expressionn levels at one year after sero-
conversion.. CCR5 levels on total or CD45RO" 
orr CD45RO+ CD4+ T cells were not predictive 
forr the evolution of X4 variants (table 2, figure 
4).. Low CXCR4 levels on total and on 
CD45RO"" CD4+ T cells were associated with 
ann enhanced conversion to X4 variants 
(RH=0.49,, 95% CI: 0.20-1.21 and RH=0.41, 
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Figuree 4. Kaplan Meier analyses for the development of X4 variants based on expression of CCR5 (left panel) 
andd CXCR4 (right) on total CD4+ T cells at one year after seroconversion. Expression levels were stratified 
basedd on median expression levels at that timepoint. Thick lines indicate expression levels above median value, 
thinn lines indicate levels below median value. 

95%% CI: 0.17-1.02, table 2, figure 4). Due to 
loww numbers of patients that developed X4 
variantss after five years in this cohort (n=7), 
survivall  analyses were not performed from this 
timepoint. . 

EarlyEarly CD4+ T cell numbers and serum viral 
RNARNA the development of Syncytium Inducing, 
X4X4 HIV-1 variants 
Wee studied the effect of early CD4+ T cell 
numberss and viral RNA load in serum on the 
evolutionn of X4 HIV-1 variants in a larger 
cohortt of patients, which was described in 
moree detail previously [24,37]. Participants 
withh available CD4+ T cell numbers and viral 
RNAA load between 6 months and two years 
afterr seroconversion were studied in Kaplan 
Meierr and Cox regression analyses (table 3). 
CD4++ T cell numbers and viral load were stra-
tifiedd in three groups based on tertiles in these 
analyses.. Low CD4+ T cell numbers were 
associatedd with a more rapid development of 
X44 HIV-1 variants. Median time to X4 
conversionn was > 12.44 years in patients with 
moree than 786 cell/ul, whereas median survival 
timee was 8.92 and 9.25 years in patients with 
lesss than 786 and 550 cells/ul, respectively 
(log-rankk p=0.038). Furthermore, high serum 
RNAA load was predictive for the development 

Tablee 2. Cox proportional hazard analyses for the 
developmentt of X4 HIV-1 variants based on CCR5 and 
CXCR44 expression levels at one year after 
seroconversionn a 

Crude e 

RHH (95% CI) 

Adjusted d 

RHH (95% CI) 

CCR55 CD4 0.94(0.41-2.17) 0.887 0.89(0.36-2.18) 0.793 

CD45RO-- 1.29(0.55-3.02) 0.558 1.36(0.5-0.37) 0.506 

CD45RO++ 0.74 (0.32-1.72) 0.486 0.89 (0.35-2.27) 0.801 

CXCR44 CD4 0.49(0.20-1.21) 0.117 0.62(0.24-1.60) 0.320 

CD45RO-- 0.4r(0717-1.02) U.Ü47 0.43(0.17-1.11) 0.082 

CD45RO++ 0.83(0.36-1.92) 0.659 0.65(0.27-1.58) 0.340 

RH,, relative hazard; 95% CI, 95% confidence interval. a CCR5 
andd CXCR4 expression levels were analysed in two groups 
stratifiedd based on median expression values at the three 
differentt timepoints. The group with expression levels below 
mediann value was used as the reference group. b Adjusted for 
CCR22 and CCR5 genotype, CD4+ T cell numbers and for viral 
RNAA in serum. CD4+ T cell numbers and viral load were 
analysedd stratified in three groups based on tertiles.  p-value 
accordingg to Log-likelyhood ratio test 

off  X4 variants (p=0.021). Patients with a viral 
loadd below 10407 copies/ml developed X4 
variantss at a median time of > 12.37 years, 
whereass median survival time was 6.31 and 
6.722 years in patients with more than 104'07 and 
104644 copies/ml, respectively. Thus, CD4+ T 
celll  numbers and viral RNA in serum are 
predictivee for the development of X4 HIV-1 
variants,, much like these parameters are 
predictivee for the progression to AIDS and 
death. . 
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Tablee 3. Cox proportional hazard analyses of early 
CD4++ T cell number and serum RNA load for the 
developmentt of X4 HIV-1 variantsa 

Crudee Adjustedq 

Categoriess RH (95% CI) p c RH (95% CI) p c 

CD44 >786 1 1 

550-7866 2.20(1.14-4.23) 0.018 2.27(1.17-4.40) 0.015 

<5500 2.05(1.06-3.97) 0.034 2,10(1.08-4.08) 0.029 

RNAA <4.07 1 1 

4.07-4.644 1.73(0.88-3.38) 0.107 1.78(0.91-3.50) 0.092 

>4.644 2.48(1.29-4.78) 0.007 2.59(1.33-5.05) 0.005 

RH,, relative hazard; 9 5 % CI , 95% confidence interval. a 

Patientss with first measurement CD4+ T cell numbers and 
serumm viral available RNA between 6 months and two years 
aree included in these analyses. b Relative hazards and 95% 
confidencee interval, adjusted for CCR2 and CCR5 genotype 
inn multivariate Cox proportional hazard analyses. c p-value 
accordingg to Log-likelyhood ratio test 

Discussion n 

Thee influence of expression levels of HIV-1 
coreceptorss CCR5 and CXCR4 on disease 
progressionn and the emergence of X4 variants 
wass studied. Preseroconversion levels of CCR5 
onn total (but not CD45RO and CD45RO+) 
CD4++ T cells were predictive for disease 
progressionn after seroconversion. This con-
firmss a previous case control study in which 
preseroconversionn expression levels of CCR5 
onn CD4+ T cells was lower in non-progressors 
thann in progressors [41]. At five years after 
seroconversion,, CCR5 levels on total and 
CD45ROO CD4+ T cells were predictive for 
diseasee progression. These results give direct 
evidencee for an important role of CCR5 
expressionn levels on disease progression, and 
confirmm and extend the protective effect of the 
CCR55 A32 allele on disease progression ([44] 
andd references therein), also in a study popu-
lationn which partially overlaps with the current 
studyy population [24,37]. This suggests that 
CCR55 A3 2 exerts its protective effect on 
diseasee progression by reducing the expression 
levelss of CCR5. Additional other mechanisms 
off  protection of the CCR5 A32 allele rather 
thann merely influencing the number of CCR5-
positivee cells cannot be excluded. It has indeed 

beenn shown that CCR5 A32 is associated with 
enhancedd RANTES production before sero-
conversion,, which correlated with surrogate 
markerss for disease progression [45]. In that 
studyy population, no association was observed 
betweenn preseroconversion expression of 
CCR55 and disease progression. 
CCR55 expression levels were not associated 
withh the rate of conversion to X4 HIV-1 
variants,, whereas high CXCR4 levels were 
associatedd with a delayed development of X4 
HIV-11 variants. These results imply that target 
celll  availability, as defined by mere expression 
off  CCR5 or CXCR4, can not explain evolution 
off  virus variants with different coreceptor 
specificity.. Thus, the ability to use CXCR4 is 
nott merely an escape mechanism to overcome 
aa limited number of potential CCR5-positive 
targett cells. Furthermore, the availability of 
CXCR4-positivee cells does not allow a faster 
developmentt of CXCR4-utilizing variants, 
excludingg a simple predator-prey model- to 
explainn evolution of X4 variants. Our results 
confirmm the finding that the rate of acquisition 
off  X4 variants tended to be delayed among 
CCR55 A32 heterozygotes, which in general 
expresss lower levels of CCR5 at the cell 
surfacee [24,37]. The delay in conversion to a 
X44 phenotype among CCR5 A32 heterozygotes 
mightt be due to the lower level of replication, 
associatedd with this phenotype [46]. 
Att five years after seroconversion, patients 
whoo carried X4 HIV-1 variants expressed 
significantlyy lower levels of CXCR4 and 
higherr levels of CCR5 than patients with only 
R55 variants. The discrepancy in CXCR4 
expressionn was not observed when the analysis 
wass restricted to patients with CD4+ T cell 
countss below 490 cell/ul (the maximum 
numberr of CD4+ T cells among the patients 
withh X4 variants in this study), excluding the 
possibilityy that this is due to direct killing of 
CXCR4++ cells by X4 HIV-1 variants. CCR5 
expressionn on CD4+ T cells from X4 infected 
patientss was higher than on cells from patients 
withh only R5 variants and low CD4+ T cell 
numbers.. This could be related to a higher viral 
loadd (although not significantly, data not 
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shown)) and to an increased immune activation, 
ass reflected by a significantly higher expression 
off  activation marker HLA-DR on CD4+ T cells 
(dataa not shown) associated with the X4 
phenotype. . 
AA potential problem with clinical application of 
coreceptorr antagonists is the possibility that 
thesee antagonists would force the virus towards 
alternativee coreceptor usage. Our results imply 
thatt CCR5 levels do not drive evolution of 
HIV-11 to CXCR4 usage. Therefore, it may be 
expectedd that the introduction of CCR5-
antagonistss do not necessarily lead to a switch 
off  coreceptor usage. In agreement, in most in 
vitroo studies, introduction of coreceptor 
antagonistss in general results in the acquisition 
off  a resistant phenotype without a switch in 
coreceptorr usage [47-51]. In contrast, in SCID 
micee reconstituted with human PBL treated 
withh RANTES-derivatives, conversion to a X4 
phenotypee was observed in some of the mice 
[52],, Clinical application of these antagonists 
wouldd most likely occur in addition to a 
cocktaill  of conventional antiretroviral drugs, 
whichh reduce viral replication. Since the rate at 
whichh mutations are generated is dependent on 
thee replication rate, this would limit viral 

phenotype. . 
Wee observed an association of low CD4+ T cell 
numberss and high serum viral RNA load with a 
moree rapid development of X4 HIV-1 variants. 
Ongoingg HIV-1 infection may thus provide the 
necessaryy milieu for the evolution and 
establishmentt of X4 HIV-1 variants. However, 
thee availability of potential target cells as 
definedd by co-expression of CD4 and CCR5 or 
CXCR44 does not seem to play a major role. 
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