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Chapterr 5 49 

Reducedd prevalence of the CCR5 A32 heterozygous genotype in 
humann immunodeficiency virus-infected individuals with AIDS 
dementiaa complex 

Heterozygosityy for a 32-bp deletion in the CCR5 gene {CCR5 A32), which encodes the coreceptor 
forr macrophage-tropic non-syncytium-inducing <NSI) human immunodeficiency virus type 1 (HIV-1) 
variants,, results in a lower CCR5 expression and reduced NSI HIV-1 replication. Because infection 
off macrophages and microglial cells by NSI HIV-1 is considered to be instrumental for the develop-
mentt of AIDS dementia complex (ADC), we studied whether the CCR5 A32 heterozygous genotype 
correlatedd with a reduced frequency of ADC. Two (4.1%) of 49 patients with ADC versus 27 
(14.5%)) of 186 AIDS patients without ADC were heterozygous for CCR5 A32 (P = .05). In contrast, 
aa point mutation in the first transmembrane domain of CCR2 (CCR2 64I) did not show this protec-
tivee effect (P = .57). The reduced prevalence of the CCR5 A32 allele among patients with ADC may 
indicatee a reduced or absent reservoir of macrophage-tropic NSI HIV-1 in the brain of CCR5 A32 
heterozygotes. . 

Chemokinee receptors have been identified as 
coreceptorss for entry of human immuno-
deficiencyy virus type 1 (HIV-1) in human 
CD4++ T lymphocytes and monocytes. CC 
chemokinee receptor (CCR) 5 is the principal 
coreceptorr for macrophage-tropic, non-
syncytium-inducingg (NSI) HIV-1 variants, 
whereass syncytium-inducing (SI) HIV-1 can 
alternativelyy or in addition use CXC 
chemokinee receptor 4 (CXCR4). Other 
receptors,, including CCR2, CCR3, CCR8, and 
aa variety of orphan receptors, can also serve as 
coreceptors,, although only for a minority of 
HIV-11 variants (reviewed in ref. 1). 
Heterozygosityy for a 32-bp deletion in the 
CCR55 coding region (CCR5 A32), which 
occurss in approximately 18% of the Caucasian 
population,, has been associated with a reduced 
celll  surface expression of CCR5, impaired NSI 
HIV-11 replication in vitro [2], and a reduced 
viruss load in vivo [3,4]. Most likely as a 
consequencee of these observations, CCR5 A3 2 
heterozygosityy correlates with a delayed 
progressionn to AIDS [1,3,4]. More recently, a 
valine-to-isoleucinn switch in the first 
transmembranee domain of CCR2 (641) was 
alsoo shown to be associated with a delay in 
HIV-11 disease progression [5-7] 
Infectionn of brain macrophages and microglial 
cellss is considered to be instrumental in the 
developmentt of AIDS dementia complex 
(ADC).. These cells express several chemokine 

receptorss but mainly support the infection of 
macrophage-tropic,, NSI HIV-1 variants [8]. 
Zidovudine,, which preferentially inhibits NSI, 
butt not SI, HIV-1 replication [9], has a 
preventivee and therapeutic effect on ADC [10]. 
Thesee findings may imply that NSI HIV-1 
infectionn in the brain plays an important role in 
thee development of ADC. 
Peripherall  blood mononuclear cells (PBMC) 
fromm CCR5 A32 heterozygous individuals 
showw a reduced capacity to replicate macro-
phage-tropicc NSLJUV-L^variantSr compared — — 
withh cells from CCR5 wild-type homozygous 
individualss [2]. In addition, CCR5 expression 
levelss on monocytes/macrophages correlate 
positivelyy with the infectability of NSI HIV-1 
strainss [11]. Therefore, we hypothesized that 
CCR55 A32 heterozygosity may protect against 
thee development of ADC and anticipated a 
reducedd prevalence of the CCR5 A32 
heterozygouss genotype in patients with ADC. 

Methods s 

StudyStudy population. 
AA case-control study was designed, consisting of 49 
AIDSS patients diagnosed with ADC between 1984 
andd 1995 and a control group consisting of 186 
patientss who died of AIDS without developing ADC. 
Patientss from both the case and control groups were 
eitherr attending the Academic Medical Centre AIDS 
clinicc or were homosexual participants of the 
Amsterdamm Cohort Studies on AIDS. None of the 
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patientss received triple therapy. The characteristics 
off  the groups are shown in table 1. Median survival 
afterr AIDS diagnosis in the control group was 
significantlyy longer than the median time to develop 
ADCC after AIDS diagnosis (P = .005, Mann Whitney 
UU test), indicating that the survival of the control 
groupp could have been long enough to develop ADC. 

CCR2CCR2 and CCR5 genotyping. 
Thee CCR2 and CCR5 genotypes of the subjects were 
determinedd by a polymerase chain reaction (PCR)-
restrictionn fragment length polymorphism method 
andd a PCR-based method, respectively, as described 
elsewheree [3,7]. 

IsolationIsolation of biological virus clones and 
determinationdetermination ofcoreceptor usage. 
HIV-11 biological clones were isolated by 
cocultivationn of patient cells with healthy donor, 
phytohaemagglutinin-stimulatedd PBMC under 
limitingg diluting conditions, as described elsewhere 
[12].. Coreceptor usage was tested by use of human 
astrogliomaa U87 cells, stably expressing CD4 and 
onee of the HIV-1 coreceptors CCR1, CCR2, CCR3, 
CCR5,, or CXCR4. All coreceptor encoding cell lines 
weree maintained in Iscove's medium supplemented 
withh 10% fetal calf serum, 5 ug/mL polybrene, 100 
U/mLL penicillin, 100 ug/mL streptomycin, and 1 
ug/mLL puromycin and selected regularly with 200 
ug/mLL g418 for CD4 expression. 
Off  each cell line, 104 cells/well were seeded in a 96-
welll  plate and after 24 h were inoculated with at 
leastt 102 TCID50 per isolate in a total volume of 200 
uL.. After 24 h, the cells were washed twice with 
PBSS to remove unbound virus and incubated in 200 
\xL\xL of medium. At day 7, the cells were transferred 
too 24-well plates and maintained in 1 mL of fresh 
medium.. Supernatant was collected at 7, 14, 21, and 
288 days after infection, and virus replication was 
analyzedd by a p24 antigen-capture ELISA. 
Alll  cell lines expressed CD4 on the cell surface and 
CCR1,, CCR2, CCR3, CCR5, and CXCR4 expres-
sionn on the corresponding U87 cell lines was 
confirmedd by flow cytometry or reverse trans-
cription-PCRR (data not shown). A U87 cell line 
stablyy expressing CD4, but no HIV-1 coreceptor, 
wass included in all experiments as a control. This 
celll  line was maintained in the same medium as the 
coreceptorr encoding cell lines but without puro-
mycin.. None of the tested HIV-1 virus clones was 
ablee to infect the control cell line (data not shown). 

Results s 

Thee prevalence of the CCR5 A32 genotype was 
investigatedd among 49 individuals diagnosed 
withh ADC and 186 AIDS patients who never 
developedd ADC. Characteristics of the study 
populationn are presented in table 1. In the non-
ADCC group, 27 individuals (14.5%) were 
CCR55 A32 heterozygotes. A significantly 
lowerr prevalence of the CCR5 A32 hetero-
zygouss genotype was observed among the 
groupp of patients with ADC (2 individuals, 
4.2%;; P = .05, X2 test). CCR5 A32 heterozy-
gosityy was associated with protection against 
thee development of ADC, with an odds ratio of 
0.255 (95% confidence interval, 0.06-1.09). In 
contrast,, the prevalence of the CCR2 641 
heterozygouss genotype was not significantly 
differentt among the ADC group and the non-
ADCC control group (14.3% and 11.3%, 
respectively;; P = .57, %2). Because of the strong 
protectivee effect of zidovudine on the develop-
mentt of ADC, the control group may contain 
patientss who, if untreated, would have 
developedd ADC. However, excluding patients 
withh a history of zidovudine treatment (n = 48; 
13.3%% CCR5 A32 heterozygotes) from the 
controll  group did not change the outcome of 
ourr study (data not shown). 
Twoo individuals developed ADC despite a 
CCR55 A32 heterozygous genotype. We 
reasonedd that these individuals might carry 
virusess with an altered coreceptor usage, 
therebyy circumventing the reduced expression 
off  CCR5. We analyzed coreceptor usage of 
biologicall  virus clones isolated from these 
patientss and 2 ADC patients with a CCR5 wild-
typee homozygous genotype. In a previous 
study,, we showed that HIV-1 variants isolated 
fromm the last available peripheral blood 
sampless closely resembled the variants isolated 
postmortemm from various nonlymphoid tissues, 
includingg the brain and cerebrospinal fluid 
(CSF)) [12]. Therefore, to optimally reflect the 
viruss variants present in the brain and CSF at 
thee onset of ADC, we isolated virus from the 
PBMCC sample as close as possible to ADC 
diagnosis.. As shown in table 2, all 4 patients, 
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Tablee 1. Characteristics of the study population 

Characteristic c ADCC patients (case) 
(n=49) ) 

non-ADCC AIDS patients 
(control)) (n=186) 

AIDSS diagnosis (calender year) [median (range)] 

Survivall after AIDS (mo.) [median (range)] 

ADCC diagnosis after AIDS (months) [median (range)] 

CD44 countt at AIDS (cells/ul) [median (range)]0 

CCR22 64I/+ prevalence [n (%)] 

CCR55 A32 prevalence [n (%)] 

Mayy 1987(7/84-10795) 

15.3(0.7-74.8) ) 

6.77 (0.0-50.6) 

155(10-540) ) 

77 (14.3) 

2(4.1) ) 

Apr r 19899 (3/.85-11/95) 

11.8(0.1-80.6) ) 

NA A 

105(10-720) ) 

211 (11.3) 

27(14.5) ) 

--
.08a a 

.005a a 

.23" " 

.57d d 

.05d d 

ADC,, AIDS dementia complex; NA, not applicable,; CCR, CC chemokine receptor. a Case and control groups were compared 
byy use of the Mann Whitney U test. b Time to develop ADC after AIDS diagnosis was compared with survival after AIDS 
diagnosiss in the control group. c Patients were excluded when CD4 counts were not available within 6 months to AIDS 
diagnosis.dd Case and control groups were compared by use of the x test. 

irrespectivee of their CCR5 genotype, carried 
NSII  HIV-1 variants that exclusively used 
CCR55 for entry. An SI HIV-1 variant, which 
wass isolated from 1 of these individuals, could 
additionallyy use CXCR4. 

Discussion n 

Wee have shown here that CCR5 A32 
heterozygosityy is associated with protection 
againstt the development of AIDS dementia 
complex.. Our findings are in contrast with the 
findingss of Barroga et al. [13], who did not 
observee a protective effect of CCR5 A32 on the 
developmentt of neurological disorders in AIDS 
patients.. However, besides patients with ADC, 
patientss with mild, HIV-1-associated cognitive 
motorr disorders were included in that study. 
Thesee disorders might be secondary to 
opportunisticc infections in the brain (e.g., 
toxoplasmosis)) that are neither direct effects of 
thee presence of HIV-1 in the brain nor 
indicativee for future development of ADC [14]. 
TwoTwo individuals developed ADC despite a 
CCR55 A3 2 heterozygous genotype. These 
patientss with ADC, however, did carry NSI 
HIV-11 variants that exclusively used CCR5 for 
entry.. Although a close resemblance of viral 
sequencess in nonlymphoid tissues and 
peripherall  blood was observed in a previous 
studyy [12], we cannot rule out the possibility 
thatt brain-derived virus may differ from viral 
cloness obtained from the peripheral blood. 
Floww cytometry analyses showed that CCR5 
expressionn levels were similar on the CD4+ 

lymphocytess of these patients, compared with 
cellss from healthy CCR5 A32 heterozygotes 
(dataa not shown). 
Together,Together, these results exclude an altered 
coreceptorr usage and a relatively high CCR5 
expressionn as an explanation for the 
developmentt of ADC, despite their CCR5 A32 
heterozygouss genotype. Whether the NSI 
variantss in the patients with heterozygous 
CCR55 A32 who developed ADC have adapted 
too the low CCR5 expression by increased 
affinityy for this coreceptor, thus explaining the 
developmentt of ADC, remains to be 
established. . 
Thee role ofXCR3 in microglia infection is_still 
controversial.. None of the virus clones studied 
heree had the capacity to replicate in the U87-
CCR33 cell line, which may indicate that HIV-1 
CCR33 usage is not a prerequisite for the 
developmentt of ADC. 
Thee underlying mechanism for the protection 
againstt ADC is currently unknown. One could 
arguee that the relatively low serum virus load 
inn CCR5 A3 2 heterozygotes could account for 
thee reduced prevalence of ADC, a clinical 
featuree that has been associated with a high 
viruss load in the CSF [15]. However, no 
protectivee effect on the development of ADC 
wass observed for the CCR2 641 mutation, 
whilee this genotype has also been associated 
withh a reduced viral burden [5,6]. 
Alternatively,, protection against ADC 
associatedd with CCR5 A32 might be due to a 
reducedd expression of CCR5 and consequently 
ann impaired replication of NSI HIV-1 variants, 
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Tablee 2. Coreceptor usage of biological HIV-1 clones 
obtainedd from AIDS dementia complex (ADC) patients 
withh the CC chemokine receptor 5 (CCR5) wild-type 
homozygouss and A32 heterozygous genotypes. 

Timee after Time after No. of No. of Coreceptor 
AIDSS ADC clones clones usage 

(months)) (months) obtained tested 

CCR55 +/+a 

ADC-22 33 0 26 15 R5.R5X4 
ADC-44 9 0 2 2 R5 

CCR55 A32/+b 

ADC-244 34 0 39 15 R5 
ADC255 13 12c 10 10 R5 

aa CCR5 +/+, CCR5 wild-type homozygote. b CCR5 A32, 
CCR55 A32 heterozygote.  From this patient, no samples 
closerr to the diagnosis of ADC were available. 

alsoo in macrophages of CCR5 A32 hetero-
zygotes.. This might result in a reduced NSI 
loadd in monocytes/macrophages and 
consequentlyy a reduced transport of NSI HIV-1 
intoo nonlymphoid tissues and/or a lower de 
novoo synthesis of NSI HIV-1 variants by 
macrophagess in these tissues. Both of these 
mechanismss might result in a smaller macro-
phage-tropicc HIV-1 reservoir in nonlymphoid 
tissuess in CCR5 A32 heterozygotes. 
Ourr findings may have implications for the 
completee eradication of HIV-1, for which the 
macrophage-tropicc HIV-1 reservoir may be 
consideredd one of the major obstacles. Our data 
suggestt that this important viral reservoir 
seemss to be limited in CCR5 A32 hetero-
zygotes;; therefore, antiretroviral treatment may 
bee most succesful in these patients. 
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