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p-chemokinee neutralization sensitivity of R5 HIV- 1 

Decreasingg sensitivity to p-chemokine neutralization of CCR5-using, 

Non-Syncytiumm Inducing virus variants in the course of Human 

Immunodeficiencyy Virus type 1 infection 

Abstract t 

Inn about half of HIV- 1 infected individuals progression to AIDS is preceded by the development of 

CXCR4-using,, syncytium inducing (SI) variants. The development of CXCR4-using (X4) virus variants 

iss associated with a faster disease progression, while non-progression is associated with the presence of 

onlyy CCR5-using (R5), non-syncytium inducing (NSI) virus variants. However, individuals with only R5 

viruss variants may also show a fast progression to AIDS. The basis for differences in disease progression 

betweenn individuals with only R5 virus variants is not yet fully understood. 

Wee studied the P-chemokine sensitivity of biological HIV-1 clones isolated from 14 individuals who 

harboredd only R5, NSI virus variants. We found a decreasing sensitivity of virus variants for fS-

chemokinee sensitivity in the course of infection, this decrease was statistically significant for individuals 

whoo progressed to AIDS during follow up but not for long term non-progressors (LTNPs). Furthermore, 

wee found that biological virus clones from progressors were less sensitive to fS-chemokine neutralization 

thann biological virus clones from LTNPs. Our data suggest a role for pVchemokine neutralization 

sensitivityy of HIV-1 in AIDS pathogenesis. 

Introductio n n 

Inn addition to CD4. a coreceptor is necessary for entry of human immunodeficiency virus type 1 (HIV -

1).. The two major coreceptors for HIV-1 are CCR5 and CXCR4 (1,8). Generally, HIV-1 infection is 

establishedd by macrophagetropic, CCR5-using (R5), non-syncytium inducing (NSI) variants. In about 

halff  of infected individuals progression to AIDS is preceded by the development of CXCR4-using (X4), 

syncytiumm inducing (SI) HIV-1 variants (16). This expanded coreceptor usage, however, is no 

prerequisitee for disease progression (7,10), as many infected individuals progress to AIDS in the 

presencee of only R5, NSI variants (12,16,28). Even though long term non-progressive HIV-1 infection is 

associatedd with the presence of only R5 variants (3,14), some people with only R5 HIV-1 variants 

progresss to AIDS rapidly. It was found that these R5. NSI rapid progressors had a higher viral load in 

vivoo and their viruses showed a higher replication rate in vitro as compared to long term non-progressors 

(LTNPs)) (2). 

Sincee the pVchemokines RANTES. MlP- l a and MIP-1[3 downregulate CCR5 expression and reduce 

HIV-11 CCR5 usage (4,17,24), one might assume a role for fi-chemokines in AIDS pathogenesis and in 
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vivoo evolution of HIV-1. In HIV-1 infected individuals it is found that the expression of fj-ehemokines is 

stronglyy enhanced in the lymph nodes (27). Furthermore. CD4 positive cells from exposed uninfected 

individualss showed a high level of P-chetnokine production as compared to healthy controls (21,22) and 

P-chemokinee production in HIV-positive individuals without AIDS was found to be higher than in 

individualss who have progressed to AIDS (9). Moreover, in non-progressors both CD8+ cells and CD4+ 

cellss were found to produce P-chemokines. while in AIDS patients only the CD8+ cells did (25). These 

resultss suggest that a high p-chemokine production of CD4+ cells might confer protection from HIV-1 

infection,, and from progression to AIDS. 

Wee hypothesized that apart from the level of p-chemokine production in the host, also the sensitivity of 

thee virus to P-chemokine neutralization might influence disease progression. If p-chemokines exert a 

selectivee pressure in vivo favoring the emergence of variants that are insensitive to their control, one 

mightt consider SI variants as escape variants. A decrease in sensitivity of the virus to these p-

chemokiness during progression to AIDS may also occur in individuals who do not develop SI variants. 

Therefore,, we compared primary R5 HIV-1 variants, isolated at a relatively early and late moment in 

infectionn from progressors and LTNPs for their sensitivity to P-chemokine neutralization. 

Material ss and methods 

Subjects Subjects 

Biologicall  virus clones from fourteen participants of the Amsterdam Cohort Studies on AIDS in 

Homosexuall  men were analyzed. Seven of these individuals are classified as long term non-progressors 

(LTNP):: ACH 16, 68, 78. 337, 434. 441 and 583. They remained asymptomatic for at least 10 years 

(meann follow up: 143 months after seroconversion; range: 124-152 months) with stable CD4+ T cell 

countss (>400/mm ) in the absence of antiretroviral therapy. Four individuals were classified as rapid 

progressors:: ACH 53, 172, 424 and 638 (AIDS diagnosis at 25-76 months after seroconversion or entry 

inn the cohort studies), three are typical progressors: ACH 19, 38 and 142 (AIDS diagnosis at 99-109 

monthss after seroconversion or entry in the cohort studies) and one is classified as a slow progressor: 

ACHH 617 (AIDS diagnosis at 136 months after entry in the cohort studies, after a 10-year period of 

stablee CD4+ T cell counts). All these individuals harbored only NSI HIV-1 variants (7). Individuals ACH 

53,, 68, 142, 424 , 441 and 583 had wild type CCR5 and CCR2 alleles. ACH 16, 38, 78,172, 337, 434, 

6177 and 638 were heterozygous for a 32 bp deletion in CCR5. ACH 337 in addition was heterozygous 

forr the 64 I mutation in CCR2. Analysis of CD4+ T cell counts, quantification of HIV- 1 RNA in serum, 

andd CCR5 and CCR2b genotyping of the individuals were performed previously (7). In Figure 1, 

longitudinall  data on CD4+ T cell counts and virus load are shown. In Table 1, CCR5 and CCR2 

genotypee as well as diagnosis at the end of follow-up is given for each individual. 

50 0 



p-chemokinee neutralization sensitivity of R5 HIV- 1 

VirusVirus isolation, SI phenotyping and characterization of coreceptor usage 

Biologicall  virus clones were previously isolated from patient PBMC samples from at least two time 

pointss for each patient (7). One time point was chosen early after seroconversion (mean. 21 and 22 

monthss for LTNPs and progressors respectively) and the other as late as possible after seroconversion for 

LTNPss (mean, 113 months) or around the time of AIDS diagnosis for progressors (mean, 74 months 

afterr seroconversion). From each time point at least two biological virus clones were tested for their 

sensitivityy to neutralization by P-chemokines. 

SII  phenotyping was performed previously on the MT2 cell line and characterization of coreceptor usage 

wass performed previously on astroglioma cell lines stable transfected with CD4 and CCR3 or CXCR4 or 

CCR55 and CCR5 A32 homozygous PBMCs (7). 

Celll  free virus stocks were grown on PHA-stimulated donor PBMC, and preserved at -70°C. 

(3-Chemokine(3-Chemokine neutralization assay 

PBMCC from ten uninfected. CCR5 A32 wild type, healthy blood donors were isolated, pooled and 

cryopreserved.. Al l experiments, including titration of viral stocks, were performed on this stock of 

cryopreserved,, healthy donor PBMC mixture to eliminate possible variations caused by differences in 

infectabilityofPBMC. . 

Neutralizationn assays were performed as follows. Pooled donor PBMC, stimulated for three days with 

phytohemaglutininn (PHA). were depleted for CD8+ cells using magnetic beads (MACS Miltenyi Biotec, 

Bergischh Gladbach, Germany; according to manufacturers protocol), and then pre-incubated for three 

hourss at 37°C with 2-fold serial dilutions of RANTES, MlPl-a, MIPl-p (PeproTech Inc., Rocky Hill , 

NJ,, USA) or a 1:1:1 mixture of these three with the same total concentration (Mix) (concentrations used 

weree 8, 16, 32, 63, 125 and 250 ng/ml). Kf cells per well were then inoculated in 96-well plates with 20 

TCIDsoo of a virus isolate, endvolume of 200 ul per well, and incubated over night at 37°C. Supernatant 

wass removed and cells were resuspended in fresh medium with appropriate P-chemokine concentrations. 

P244 production was detected from supernatant samples taken at days 7, 10 and 14 after infection using 

ann in-house P24 antigen capture enzyme-linked immunosorbent assay (EL1SA) (29). P24 antigen levels 

fromm cultures inoculated in the absence of p-chemokines were designated as maximum virus production 

andd the ratios of P24 production in P-chemokine-containing cultures were calculated relative to these 

maximumm values. Supernatant from cells that were not incubated with either P-chemokines or virus was 

usedd for background values of the p24 ELISA. Al l measurements were performed in triplicate. 

DeterminationDetermination of 50% and 90c/c inhibitory concentration and statistical analysis 

Thee p-chemokine concentrations causing 50% and 9i)c/c reduction in p24 antigen production {IQ™ and 

IC*,)) 14 days after infection were determined by a four-parametric logistic analysis (20). If the 
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appropriatee degree of inhibition was not achieved at the highest (i-chemokine concentration, a value 

"higherr than' (>) was recorded and we assumed these as being equal to 250 ng/ml in figures and 

statisticall  tests. 

Mann-Whitneyy U test was used to compare unpaired groups. Wilcoxon signed-ranks test was used to 

comparee IC50 and IC90 values per individual over time. Statistical analysis were performed using SPSS 

(releasee 10.0, SPSS Inc. Chicago, Illinois, USA). 

Results s 

Biologicall  HIV-1 clones from fourteen individuals, seven LTNPs and seven progressors, with only R5. 

NSII  virus variants (7) were tested for their (3-chemokine neutralization sensitivity. Biological virus 

cloness from at least two time points during the course of infection of each individual were analyzed, the 

firstt relatively early and the other relatively late after the moment of seroconversion for LTNPs or 

aroundd the time of AIDS diagnosis for the progressors. Figure 1 depicts the moments of clonal virus 

isolationn and AIDS diagnosis (if applicable), as well as longitudinal data on CD4 T cell counts and HIV 

RNAA load for the individuals. 

Forr each biological virus clone tested, the 507c and 90% inhibitory concentration values (IC50 and IC90) 

off  the p-chemokines at day 14 after inoculation were determined using a four-parametric logistic model. 

Inn Table 1 and 2 the mean IC50 values of the biological virus clones of each time point of each individual 

aree given for RANTES, MIP-loc, MIP-ip and a 1:1:1 mixture of these three p-chemokines (Mix) , 

respectivelyy for LNTP individuals and progressors. Also, the minimum and maximum IC50 values found 

att each time point are given. From two individuals (434 and 172) we tested virus isolates from time 

pointss less than six months apart, in these cases the average ICW values of the isolates from those time 

pointss together is depicted in Table 1 and Table 2 respectively. If a determined inhibitory concentration 

wass above 250 ng/ml (the highest concentration used), we used IC values of 250 ng/ml in figures and 

statisticall  tests. Table 1 and 2 also show the CCR5 and CCR2b genotype of the individuals, the diagnosis 

att the end of follow-up, the RNA serum load and CD4 positive T cell numbers at the respective time 

pointss (7). 

RANTESS was the most potent inhibitor of replication of primary CCR5-using, NSI HIV-1 isolates, then 

thee MIX , then MlP- la. MIP-ip hardly inhibited the replication of any of the viruses not even at the 

highestt concentration used (250 ng/ml) (see figure 2 and Table 1 and 2). In all figures only IC50 

RANTESS values are shown. 

ChangingChanging [5-chemokine neutralization sensitivity of HIV-1 isolates in course of infection 

Inn figure 3 the mean RANTES ICS0 values for the different biological virus clones of each individual 

fromm the early and late time points are depicted. We found a significant increase of ICM) and ICyi) values 
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a.. LTNPs 

SO O 
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Timee after seroconversion or entry in 
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33 a 

Figuree 1 
Longitudinall  analysis of CD4+ T cell counts and virus load of long term non-progressors (LTNPs) (a) 
andd progressor (b). Patient numbers are indicated in the upper left corner of each graph. CD4+ T cell 
numberss are indicated by triangles (left y-axis) and viral RNA load by open circles (right Y-axis). Filled 
arrowheadss on the x-axis indicate time points of clonal isolation of HIV-1 variants that were analyzed 
forr B-chemokine neutralization sensitivity. Open arrowheads indicate the time point of AIDS diagnosis. 
Figuree is adapted from (7). Individuals 38, 53, 68, 78, 142, 337, 441, 583, 617 and 638 were seropositive 
forr HIV antibodies at entry in the cohort studies, individuals 16, 172, 434, and 424 seroconverted for 
HIVV antibodies during follow-up in the cohort studies. 
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forr RANTES and Mix over time (figure 3a), indicating a significant decrease in sensitivity of HIV-1 for 

p-chemokinee neutralization (IC50 RANTES p=0.009. ICy0 RANTES p=().016, IC,„  Mix p=0.048 and IG*, 

Mixp=0.022). . 

Interestingly,, the decrease in RANTES neutralization sensitivity over time was only statistically 

significantt for the HIV-1 biological clones isolated from the progressors and not for the HIV-1 biological 

cloness from LTNPs (difference IC50 RANTES: p=0.025. figure 3b). Indeed, from four of the seven 

progressorss at least one biological HIV-1 clone from the late time point was very insensitive to [3-

chemokinee neutralization, whereas biological virus clones from one LTNP individual even showed 

increasingg P-chemokine neutralization sensitivity over time (see Table I. individual 434), 

Thee time lapse between the early and late time points was longer for the LTNPs than the progressors (see 

Tablee 1 and 2, p=0.047). There was no difference in the moment of the early time point (mean, 21 and 

222 months after seroconversion for LTNPs and progressors respectively), but the late time point was 

takenn longer after seroconversion for the LTNPs than the progressors (mean, 1 13 and 74 months after 

seroconversionn for LTNPs and progressors respectively: p=0.035). Indicating that the larger decrease in 

p-chemokinee neutralization sensitivity over time of biological virus clones isolated from the progressors 

iss not explained by a longer timespan between the early and late time point or by isolation on a moment 

longerr after seroconversion. 

Inn figure 3c the average early and late IC5„  RANTES values of LTNPs and progressors are depicted on a 

timee scale (months after seroconversion). The slope between the early and late time point of each 

individuall  now gives a measure of the change in sensitivity over time for each infected individual. We 

assumedd that this slope is representative for the change in sensitivity of virus variants of each individual. 

Comparingg the increase in mean IC,0 values over time confirmed that the biological virus clones from 

progressorss showed a significantly larger decrease in sensitivity over time than HIV-1 isolates from 

LTNPss (p=0.01 8 and p=0.026 respectively for IC?0 RANTES and Mix) . 

Inn figure 4 the mean IC?0 values of the early time point and late time point were compared between 

LTNPss and Progressors. On average, the biological HIV-1 clones of the progressors were more resistant 

too P-chemokine neutralization than the biological HIV-1 clones of LTNPs. both when the mean values of 

thee early time point and the late time point were compared (e.g. mean values of isolates from progressors 

vs.. LTNPs: 46.7 vs. 17.0 ng/ml for IC5Ü RANTES early; 95.1 vs. 23.3 ng/ml for IC5() RANTES late). 

However,, this difference between P-chemokine neutralization sensitivity of biological virus clones of 

progressorss and LTNPs was only significant for the biological HIV-1 clones isolated at the late time 

pointt (figure 4b: p=0.048 for IC„ , RANTES and p=0.018 for IC90 RANTES). 
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Figuree 2 
Potencyy of inhibition of replication 
byy (3-chemokines. IC50 values of 
alll  individual viruses are given 
(circles)) and the average of all 
virusess for each b-chemokine 
(dottedd lines). Mix. a 1:1:1 mixture 
off  the three P-chemokines. 
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Figuree 3 
Decreasee in RANTES neutralization sensitivity over time for LTNP individuals (open circles) and 
progressorss (closed circles). Depicted are the mean ICM RANTES values per time point of all 14 
individualss (a), separated for LTNP individuals and progressors (b) and of all 14 individuals on a time 
scalee in months after seroconversion (c). The early and late time points of each patient were linked. * 
p<0.05. . 
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Figuree 4 
Differencee in RANTES neutralization sensitivity between LTNP individuals and progressors (Pr). 
Depictedd are the mean IC50 RANTES values per time point of each patient, early and late time points 
togetherr (a) and separated for early and late time points (b). * p<0.05. 

P-chemokineP-chemokine neutralization sensitivity, CD4 count and plasma virus load 

Too determine if p-chemokine neutralization sensitivity of biological virus clones is related to the 

individual'ss CD4 count or plasma virus load, we determined the median CD4 count (650 cells/ul) and 

viruss load (4.0 log copies/ml) at the early and late time points of all patients. CD4 counts and viral load 

valuess were classified as 'high' or 'low' relative to the median. For the HIV-1 biological clones of time 

pointss with relatively high CD4 T cell numbers (n=13) we found significantly lower P-chemokine IC 

valuess than for the HIV-1 clones from time points with low CD4 T cell numbers (n=14) (figure 5a; 

p=0.0522 for IC50 RANTES; p=0.015 for IC90 RANTES; p=0.029 for IC,„, Mix; p=0.013 for IC50 MlP-la; 

p=0.0355 for IC90 Mip-la). In other words, a low CD4 T cell count was associated with a low HIV-1 P-

chemokinee neutralization sensitivity. 

HIV-11 biological clones from time points with relatively high plasma virus load (n=14) had significantly 

higherr p-chemokine IC values than virus clones from time points with a relatively low plasma virus load 

(n=14)) (figure 5b; p=0.015 for IC50 RANTES; p=0.022 for IC5(1 Mix; p=0.043 for IC90 Mix). A high 

plasmaa virus load was thus associated with a low p-chemokine neutralization sensitivity. 

Thesee trends are also observed for both the CD4 count and the plasma virus load if the data of the early 

andd late time point are separated. However, the observed difference between groups with relatively high 

andd low values is not statistically significant if the data of the early and late time point are separated, 

possiblyy due to small data amount (data not shown). 
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Figuree 5 
Associationn between RANTES neutralization sensitivity of biological virus clones and CD4+ T eel 
countt (a) and plasma virus RNA load (b) at the moment of virus isolation. * p<0.05. 

Discussion n 

Wee here demonstrate a decreasing sensitivity to fj-chemokine neutralization of primary H1V-1 variants 

inn the course of infection. As the individuals studied here harbored solely NSI, CCR5-restricted virus 

variants,, this decrease in sensitivity to P-chemokines does not reflect a change in coreceptor usage. 

Ourr results confirm the finding that RANTES is the most potent pS-chemokine in inhibiting the 

replicationn of CCR5-using HIV-1 variants (15.26,31). Furthermore, we found that MlP-la was a more 

efficientt inhibitor of replication of primary R5 virus isolates than MIP-ip (figure 2). which is in 

accordancee with some (1,15,19) but not all previous studies (4,26,31). An explanation for this 

discrepancyy might be that we depleted PBMCs for CD8 positive cells before testing the P-chemokine 

sensitivityy of HIV-1 variants. Since primary CD8+ T cells secrete more MIP-ip than MlP-la (4), the 

presencee of CD8+ cells in the culture may increase the basal level of MIP-ip, explaining the lower 

amountt of additional MIP-ip needed for efficient inhibition of HIV-1 replication. 

AA 1:1:1 mixture of the three P-chemokines showed more potent inhibition than MIP-1 a or MIP-1 p, but 

nott as potent as equal total concentrations of RANTES alone. This implicates the absence of a 

synergisticc action of the three chemokines. 

60 0 



p-chemokinee neutralization sensitivity of R5 HIV-1 

Ourr hypothesis was that p-chemokines give a selective pressure in vivo, favoring the emergence of 

variantss that are insensitive to their control. Others have shown a decreasing P-chemokine neutralization 

sensitivityy over time due to the appearance of X4 HIV-1 variants (11,26). We here show that a decrease 

inn sensitivity to P-chemokine neutralization during the course of infection is also found if no X4 variants 

orr variants with other coreceptor usage than CCR5 emerge. One could argue that this decreasing 

sensitivityy reflects the increasing replicative capacity as we and others previously demonstrated for late 

stagee R5 HIV-1 isolates. However, a correlation between virus replication efficiency and sensitivity to p-

chemokiness has already been excluded (31). 

Janssonn and colleagues (10,11) already showed that R5 virus variants with a decreased sensitivity to 

RANTESS inhibition may evolve during AIDS progression. Here, we observed a decrease in P-

chemokinee neutralization sensitivity during follow-up and found that virus isolates from individuals with 

progressivee disease showed a significantly larger decrease in neutralization sensitivity than isolates from 

LTNPP individuals. This could not be explained by a longer time span between the early and late time 

point,, or by virus isolation on a time point later after seroconversion. On the contrary, the LTNPs had a 

significantlyy longer time span between the early and late time point, and the late time point was taken 

significantlyy longer after seroconversion for the LTNPs. These data suggest an association between P-

chemokinee neutralization sensitivity of the HIV-1 variants present in the infected individual and rate of 

diseasee progression. 

Bothh a high plasma HIV-1 RNA load and a low CD4 count were associated with a low p-chemokine 

neutralizationn sensitivity, again suggesting that p-chemokine neutralization sensitivity might be 

associatedd with disease progression. 

Thesee phenomena might reflect mutual signs of disease progression or possibly influence each other. A 

highh level of immune activation, might give rise to a high P-chemokine production, which would give a 

highh selective pressure on the evolution of HIV-1 variants that are insensitive to the inhibitory effects of 

P-chemokiness on virus replication. 

Presumingg that the level of P-chemokine production influences the evolution of p-chemokine 

neutralizationn sensitivity, one could reason that individuals with a high decrease in P-chemokine 

sensitivityy produce more p-chemokines than individuals without a decrease in p-chemokine sensitivity. 

Ourr observation that HIV-1 variants isolated from CCR5 A32/wt individuals, overall, show more 

resistancee to P-chemokine neutralization than isolates from individuals without this deletion (data not 

shown),, is indeed interesting in this respect, since heterozygosity for the CCR5 A32 genotype has been 

reportedd to be associated with higher P-chemokine production levels (23). On the other hand, high P-

chemokinee production levels have been associated with slow disease progression (5,23), which argues 

againstt the idea that high P-chemokine levels would give rise to a higher selection pressure for variants 

insensitivee to the inhibitory effects of p-chemokines since we did not find these variants in our LTNP 
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individuals.. Therefor, the insensitivity to fi-chemokines found in progressors might just be a 

consequencee of more rapid evolution due to high replication rate in vivo as reflected by high plasma 

viruss levels, in stead of a difference in selective pressure between individuals due to fj-chemokine 

productionn levels. 

Otherss have found comparable results using anti-CCR5 monoclonal antibody 2D7 and cloned envelope 

sequencess from virus variants from individual ACH 142 (13,18). One might argue that these and our 

resultss point towards a more efficient CCR5 usage of late isolates as compared to early isolates from one 

donor.. However, we did not address CCR5 affinity directly and other mechanisms that could explain the 

decreasedd sensitivity to p-chemokines of late primary isolates cannot be excluded. 

Thesee results may have implications for the use of CCR5 antagonists as therapeutic agents. In vitro 

passagee of an R5 primary isolate in the presence of AD101, a small molecule CCR5 antagonist, resulted 

inn selection for resistance to the antagonist and partial resistance to RANTES (30). This did not involve a 

changee of coreceptor usage. Selection for X4 variants would be undesirable, since the emergence of X4 

variantss is associated with faster disease progression (6,16). However, our results here suggest that the 

emergencee of variants insensitive to RANTES neutralization would also be undesirable. If the in vivo 

admissionn of CCR5 antagonists would accelerate the evolutionary selection of variants insensitive to 

neutralizationn by p-chemokines, the therapeutic use of CCR5 antagonists should be carefully considered. 
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