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Abstract

Through the use of chimeric CXCR4=CCR5 receptors we have previously shown that CCR5-tropic (R5) HIV-1
isolates acquire a more flexible receptor use over time, and that this links to a reduced viral susceptibility to
inhibition by the CCR5 ligand RANTES. These findings may have relevance with regards to the efficacy of
antiretroviral compounds that target CCR5=virus interactions. Compartmentalized discrepancies in coreceptor
use may occur, which could also affect the efficacy of these compounds at specific anatomical sites, such as within
the CNS. In this cross-sectional study we have used wild-type CCR5 and CXCR4 as well as chimeric CXCR4=CCR5
receptors to characterize coreceptor use by paired plasma and cerebrospinal fluid (CSF) isolates from 28 HIV-1-
infected individuals. Furthermore, selected R5 isolates, with varying chimeric receptor use, were tested for sen-
sitivity to inhibition by the CCR5 antagonist TAK-779. Discordant CSF=plasma virus coreceptor use was found in
10=28 patients. Low CD4þ T cell counts correlated strongly with a more flexible mode of R5 virus CCR5 usage, as
disclosed by an increased ability to utilize chimeric CXCR4=CCR5 receptors, specifically receptor FC-2.
Importantly, an elevated ability to utilize chimeric receptors correlated with a reduced susceptibility to inhibition
by TAK-779. Our findings show that a discordant CSF and plasma virus coreceptor use is not uncommon.
Furthermore, we provide support for an emerging paradigm, where the acquisition of a more flexible mode of
CCR5 usage is a key event in R5 virus pathogenesis. This may, in turn, negatively impact the efficacy of CCR5
antagonist treatment in late stage HIV-1 disease.

Introduction

The discovery that the chemokine receptors CCR5
and CXCR4 act as essential keyholes for the entry of

human immunodeficiency virus type 1 (HIV-1) into CD4-
positive immunecellshas increasedtheunderstanding ofAIDS
pathogenesis and provided the basis for new antiretroviral
treatment strategies. Following viral attachment to CD4,
conformational changes in the HIV envelope glycoprotein 120
(gp120) facilitate viral binding to one of these chemokine re-
ceptors with subsequent steps of membrane fusion and capsid
entry.1,2 CCR5-utilizing strains (R5 viruses) are almost invari-
ably found in HIV-1-infected individuals during the asymp-
tomatic phase, whereas virus phenotypes with the ability to
utilize CXCR4 (X4 or R5X4 virus) emerge in approximately
50% during progression to AIDS.3–6

We have previously described the use of a set of CXCR4=
CCR5 chimeric receptors for studies on the evolution of cor-
eceptor use of primary HIV-1 isolates over time.7–9 In these
studies we designated R5 isolates that lacked the ability to use
any of the chimeras, i.e., they are able to infect only cells ex-
pressing the CCR5 wild-type receptor, as R5narrow phenotype.
R5 viruses able to use one or more chimeric receptors were
designated R5broad(1), R5broad(2), or R5broad(3), depending on
the number of chimeras that could support viral entry. We
demonstrated that an enhanced ability of R5 isolates to utilize
these chimeras and wild-type CCR5 was linked to disease
progression as well as to a reduced viral susceptibility to inhi-
bition by the CCR5 ligand RANTES. These findings imply
that an important feature of R5 virus pathogenesis in pro-
gressive HIV-1 disease is the acquisition of a more flexible
mode of CCR5 usage. The fact that viruses displaying the R5
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broad phenotypes are less sensitive to inhibition by RANTES
may also be of specific relevance in the context of antire-
troviral treatment with CCR5 antagonists as it may reflect a
reduced virus susceptibility to these agents.

Prior to the initiation of antiretroviral treatment with CCR5
antagonists it is mandatory to exclude the presence of X4 or
R5X4 populations in plasma.10 However, information is
scarce regarding possible compartmentalized discrepancies in
HIV-1 coreceptor use that could impact the efficacy of CCR5
antagonism at specific anatomical sites. HIV-1 invades the
central nervous system (CNS) early in the course of infection
and, in the absence of antiretroviral treatment frequently
causesneurologicalmorbidity,suchasAIDSdementiacomplex
(ADC).11–13 Due to the blood–brain barrier, the CNS consti-
tutes a restricted compartment, where the viral evolution may
differ from that in peripheral blood.14–18 Within the CNS,
autonomous viral production is established in local target cells,
mainly comprising resident macrophages and microglial
cells.19–21 A viral adaptation to replication in these target cells
may include alterations in coreceptor usage. Furthermore, the
mode of coreceptor use may substantially influence the path-
ogenic processes in the brain that are responsible for the de-
velopment of neurological impairment, such as ADC.22–24

Although the cerebrospinal fluid (CSF) cannot be considered
to be a compartment identical to brain tissue, it is a more readily
sampled site that, due to its proximity and shared barriers,
provides an important ‘‘window’’ into HIV CNS infection.25

In the present study we have characterized the mode of
coreceptor use by paired HIV-1 plasma and CSF isolates
through the use of CXCR4=CCR5 chimeric and wild-type
receptors. Furthermore, the mode of coreceptor use was cor-
related with clinical parameters linked to disease progression,
and, for selected isolates, with sensitivity to the CCR5 antag-
onist TAK-779.26–28

Materials and Methods

Patients

Twenty-eight HIV-1-infected patients with varying CD4þ T
cell counts, varying levels of CSF and plasma viral load, and
with or without ADC were retrospectively selected for par-
ticipation in the study, from a longitudinal study cohort at the
Department of Infectious Diseases, Sahlgrenska University
Hospital, Gothenburg, Sweden.29 Informed consent was ob-
tained from all participants. The study was approved by the
Research Ethics Committee at The University of Gothenburg,
Sweden. Peripheral CD4þ T cell counts and HIV-1 RNA levels
in plasma and CSF were analyzed for each patient (FACS,
Becton Dickinson, Mountain View, CA and Amplicor HIV
Monitor, Version 1.0, Roche Diagnostic Systems, Basel, Swit-
zerland, respectively). The patients, 22 males and six females,
had CD4þ T cell counts ranging from 27 to 820 cells=ml (me-
dian 190). Fourteen patients were severely immunodeficient,
with CD4þ T cell counts <200 cells=ml. Plasma viral load
ranged from 1900 to 682,000 copies=ml (median 52,000) and
CSF viral load ranged from 600 to >750,000 copies=ml (me-
dian 66,000).

Seven patients had ADC, as assessed by the criteria defined
by the CDC and the American Academy of Neurology AIDS
Task Force.30–31 Twenty-five patients were antiretroviral
treatment naive, and none had received antiretroviral medi-
cation for at least 9 months prior to virus isolation.

Neopterin levels were analyzed by a commercially available
radioimmunoassay (Henningtest Neopterin, BRAMS, Ger-
many) with a upper normal reference value of 5.8 nmol=liter
in CSF.32

Virus isolates

Paired plasma and CSF isolates were obtained as previ-
ously described.33 Briefly, plasma and CSF samples were
centrifuged at 996�g for 20 min in order to pellet the cells.
Cell-free supernatant was centrifuged at 180,000�g for 30 min
at 48C to pellet free virus particles. None of the CSF samples
had a red cell count above 30�106=liter. Phytohemaggluti-
nin (PHA)-pretreated peripheral blood mononuclear cells
(PBMCs) from healthy blood donors were inoculated with the
pelleted material. The cultures were grown in RPMI medium
with 10% fetal calf serum and 50 units interleukin-2 (Proleu-
kin, EuroCetus, Amsterdam, The Netherlands), in addition to
2 mg=ml polybrene, 5 mg=ml hydrocortisone acetate, and
antibiotics. The supernatants of the cultures were assayed
once a week for HIV-1 antigen with a p24 capture ELISA
[HIVAG(a)-1, Abbott Laboratories, Chicago, IL]. Virus stocks
were stored at�708C. Prior to infection experiments, the virus
was passaged once or twice in interleukin (IL)-2- and PHA-
stimulated PBMCs according to standard protocols.34 The
virus content was evaluated in terms of p24 assays using the
Vironostika HIV-1 Antigen Microelisa system (Biomeriéux,
Boxtel, The Netherlands). Selected isolates were also evaluated
for the concentration of functional viral reverse transcriptase
using the Cavidi HS kit (Cavidi Tech AB, Uppsala, Sweden).

Cell lines

Human glioma U87.CD4 cells were maintained in DMEM
with sodium pyruvate and Glutamax-I (Invitrogen, Lidingö,
Sweden), 10% fetal calf serum (FCS), 1�MEM nonessential
amino acids, 300mg=ml G-418, and antibiotics. Stably trans-
fected U87.CD4 cells were supplemented with 0.5 mg=ml of
puromycin (Sigma, Stockholm, Sweden). All cells were grown
at 378C in 7% CO2.

Establishment of stably transfected U87.CD4 cells expres-
sing CCR5, CXCR4, or chimeric CXCR4=CCR5 receptors has
previously been described (Fig. 1).8 Briefly, the chimeras FC-1
(CXCR4 Pro-42=Pro-35 CCR5), FC-2 (CXCR4 Asp-74=Ile-67
CCR5), and FC-4b (CXCR4 Ile-185=Cys-178 CCR5) were
constructedusingthesingleoverlapandextensionmethod.35,36

U87.CD4 cells were stably transfected and clones expressing
similar levels of receptors as evaluated by flow cytometry
were chosen for further experiments.

Virus infections

U87.CD4 cells, stably expressing wild-type or chimeric re-
ceptors, were seeded in triplicate in 48-well plates using
U87.CD4 media without G-418 or puromycin. After 3 days,
cells at 20–40% confluence were infected for 2 h at 378C with
30 ng=ml of virus (p24 concentration) in a final volume of
0.13 ml medium. After 2 h, 0.27 ml of medium was added.
After incubation for 20–24 h the cells were washed twice and
1 ml of fresh medium was added. Supernatants from the in-
fected cell cultures were collected at day 0 and day 5 of infec-
tion and assayed with p24 ELISA. Infection was defined as
positive when the p24 content in the supernatant reached
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100 pg=ml after p24 production by sham-transfected cells had
been deducted. To semiquantitatively assess the efficiency of
chimeric receptor use, we used the following grading sys-
tem: 100–1000 pg p24 antigen production=ml in cell culture
supernatant¼ low grade usage (þ), 1000–10,000 pg=ml¼
moderate grade usage (þþ ), and>10,000 pg=ml¼high grade
usage (þþþ).

The criterion used to define discordancy in chimeric re-
ceptor use was a difference in p24 production of at least log10

in parallel infection experiments. To further dissect receptor
use by dual-tropic R5=X4 isolates, biological cloning, as de-
scribed by Mild et al., was performed with minor modifica-
tions.37 Briefly, U87=CD4=CCR5 and U87=CD4=CXCR4 cells
were inoculated with patient isolates, and infections were
carried out as described above. Isolates with the ability to
utilize both CCR5 and CXCR4 were characterized further
where U87=CD4=CCR5 cells were inoculated with undiluted
virus supernatants from infected U87=CD4=CXCR4 cells and
vice versa. Following the protocol above, supernatants were
analyzed on day 5 for the presence of p24 production. Infec-
tion was defined as positive when the p24 content in the su-
pernatant reached 100 pg=ml.

TAK-779 inhibition assay

RT-normalized virus isolated from plasma and CSF was
used for the experiments. PHA-activated PBMCs (105), pooled
from three donors, were infected in triplicate with 0.33 ng
RT=ml in the presence of TAK-779 (from Roche, obtained
from the NIH Research and Reference Reagent Program, Di-
vision of AIDS, NIAID, NIH) as previously described.38 In
brief, TAK-779 was serially diluted in 3-fold steps starting at
the final concentration of 990 nM and simultaneously added
to the cells and virus. Control cultures without inhibitor were
infected in parallel. Infected PBMCs were washed with PBS
on day 1 and inhibitor was added to the cultures at concen-
trations corresponding to the setup. Cell culture supernatants
were harvested on day 7 after infection, and p24 antigen
content was analyzed by Vironostika HIV-1 Antigen Micro-

elisa system (Biomérieux, Boxtel, The Netherlands). The sen-
sitivity to TAK-779 was evaluated as 50% or 90% inhibitory
concentration (IC50 and IC90), calculated from p24 antigen
release in the control cultures.

Statistics

Differences between two independent groups were as-
sessed with the Mann–Whitney U-test. Spearman’s rank cor-
relation coefficient was used to evaluate correlations.

Results

R5 HIV-1 phenotypes predominate in CSF

Paired plasma and CSF isolates from 28 HIV-1-infected
individuals were tested for their ability to infect U87.CD4 cells
expressing CCR5 or CXCR4. The R5 viral phenotype pre-
dominated both in plasma and in CSF (Table 1). CXCR4 using
viruses were found in plasma samples from seven patients
(six R5X4 and one X4 isolate). In three of the corresponding
CSF isolates only virus with the R5 phenotype was detected,
and p24 production by U87.CD4.CXCR4 cells infected with
one CSF isolate (R5X4) was 30 times lower than for the corre-
sponding (X4) plasma isolate (Patient 25). Paired R5X4 iso-
lates (three plasma and corresponding CSF isolates) were
evaluated for the presence of truly dual-tropic strains and all
contained true R5X4 virus subpopulations (data not shown).
Taken together, HIV-1 with the R5 phenotype is commonly
found in CSF even in the presence of CXCR4 using plasma
virus populations.

Discordant R5 virus phenotypes in paired R5
plasma=CSF isolates detected through the
use of CXCR4=CCR5 chimeric receptors

To determine if the R5 phenotypes varied among CCR5
restricted viruses isolated from plasma and CSF, chimeric
receptor use was analyzed. In this analysis we were able to
identify discordant plasma=CSF R5 phenotypes in 6 of 21
patients by significant discrepancies (>10-fold levels of p24 in
culture supernatants) in the use of chimeric receptors (Fig. 2
and Table 1). There were no clear patterns of chimeric receptor
use that could distinguish CSF from plasma isolates, since
both a broader use in four of six CSF isolates and a more
narrow use in two of six CSF isolates were found. Further, R5
phenotypes ranging from R5narrow to R5broad(3) were repre-
sented in both compartments in a nonspecific manner. Also, in
seven patients with ADC, no specific patterns of chimeric
coreceptor use by CSF or plasma isolates were found.

CSF neopterin levels did not correlate with the mode of
coreceptor use. However, as previously shown,39–43 patients
with ADC had a significantly higher mean CSF neopterin
concentration (95 nmol=liter) than individuals without neu-
rological complications (28 nmol=liter) ( p¼ 0.03).

R5 virus ability to utilize CCR5=CXCR4 chimeric
receptor FC-2 is associated with advanced disease
stage and elevated CSF viral load

Since our previous work indicated a correlation between
chimeric receptor use and degree of immunosuppression,7 the
mode of CXCR4=CCR5 chimeric receptor use was correlated
with CD4þ T cell counts and viral load for each individual.

FIG. 1. Schematic representation of the wild-type cor-
eceptors CXCR4 (black) and CCR5 (gray) and the CXCR4=
CCR5 chimeric receptors FC-1, FC-2, and FC-4b. The chimeric
receptors were constructed by successively exchanging regions
of CCR5 with corresponding parts of CXCR4.
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Table 1. Characteristics of the 28 Subjects Included in the Study
a

Patient
CDC
stage

CD4þ T cell count
(�106 cells=liter)

Plasma-RNA
(copies=ml)

CSF-RNA
(copies=ml)

CSF-neopterin
(nmol=liter)

AIDS-related
diseaseb

Coreceptor use
in plasma

Coreceptor
use in CSF

1 A1 820 2,900 5,100 NA R5 R5
2 A1 627 32,000 2,500 10 R5 R5
3 B1 532 23,000 75,000 17 R5 R5
4 A1 530 8,700 10,500 NA R5 R5
5 A1 510 1,900 28,000 NA R5 R5
6 A1 510 70,000 1,450 NA R5X4 R5
7 A1 505 56,000 11,000 NA R5 R5
8 A1 500 23,000 600 6 R5 R5
9 A2 490 52,000 119,000 31 R5 R5

10 A2 490 17,000 49,000 28 R5 R5
11 A2 400 1,452 750,000 NA R5 R5
12 A2 330 67,000 29,000 NA R5 R5
13 C2 230 257,000 254,000 74 ADC R5 R5
14 C2 213 12,900 125,000 270 ADC R5 R5
15 C3 168 58,000 114,000 31 KS R5 R5
16 A3 150 77,000 118,000 33 R5 R5
17 C3 138 89,000 21,000 121 ADC R5X4 R5
18 A3 134 165,000 225,000 39 R5X4 R5X4
19 C3 87 36,000 64,000 102 ADC, MAC R5 R5
20 C3 60 682,000 750,000 46 ADC R5X4 R5X4
21 C3 49 534,000 88,000 50 ADC R5 R5
22 C3 48 273,000 14,700 39 PCP R5X4 R5
23 C3 42 53,000 70,000 34 C. esophagitis R5 R5
24 B3 40 15,000 139,000 21 Cryptosporidium R5 R5
25 A3 38 54,000 1,400 10 X4 R5X4
26 C3 36 52,000 132,000 42 Lymphoma R5 R5
27 C3 35 607,000 102,000 30 ADC, PCP R5 R5
28 C3 27 41,000 7,900 52 PCP R5X4 R5X4

aCDC staging, CD4þ T cell counts, HIV-RNA levels, neopterin levels, AIDS-related diseases, and viral coreceptor use. Paired isolates with
discordant use of wild-type receptors or chimeric receptors are in bold.

bADC, AIDS dementia complex; KS, Kaposi sarcoma; MAC, Mycobacterium avium complex; C. esophagitis, Candida esophagitis; PCP,
Pneumocystis carinii pneumonia.

FIG. 2. Receptor use of paired plasma and CSF isolates. Diagrams showing results after infection of U87.CD4 cells ex-
pressing CCR5, CXCR4, or chimeric CXCR4=CCR5 receptors, with paired plasma (gray bars) and CSF (open bars) virus
isolates. (A–F) The six paired isolates with discordant use of chimeric receptors. (G) Paired isolates of concordant R5narrow

phenotype. (H) Paired isolates of concordant R5broad3 phenotype. Infections are measured as p24 protein content in the cell
culture supernatant. # indicates a p24 value <1. The criterium for discordant use is a >10-fold difference in p24 antigen
production between the infections.
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Individuals harboring plasma R5broad(2–3) phenotypes had
significantly lower CD4þ T cell counts as compared to indi-
viduals with R5narrow or R5broad(1) phenotypes ( p¼ 0.03). The
strongest association with immune suppression was found
when comparing individuals with FC-2-positive phenotypes
(FC-2þ) using R5 plasma isolates to those with FC-2-negative
phenotypes (FC-2�) (Fig. 3). Nine patients with FC-2þ R5
isolates had a median CD4þ T cell count of 49 cells=ml, as
compared to 495 cells=ml in 12 patients with FC-2� isolates
( p¼ 0.004).

The presence of X4 or R5X4 phenotypes was, as expected,
also linked to immunosuppression (median CD4þ T cell count
of 60) when compared to the FC-2� group ( p¼ 0.005), but the
difference was not statistically significant when compared to
R5 phenotypes in general. There was no significant correlation
between FC-2 usage and plasma viral load even though there
was an expected inverse correlation between CD4þ T cell

counts and viral load ( p¼ 0.01, Spearman). The presence of
X4 or R5X4 phenotypes correlated significantly with a higher
plasma viral load when compared to the plasma viral load in
those harboring viruses with R5 phenotypes ( p¼ 0.035). The
presence of FC-2þ R5 virus phenotypes within the CSF cor-
related significantly with an elevated CSF viral load ( p¼ 0.02)
(Fig. 3).

Mode of coreceptor use by R5 isolates correlates
with susceptibility to inhibition by the CCR5
antagonist TAK-779

To evaluate a possible relationship between mode of cor-
eceptor use and susceptibility to inhibition by TAK-779, we
selected paired R5 virus isolates from seven patients with
varying degrees of immunodeficiency and chimeric receptor
use, including three patients with ADC. Whereas a 50 % in-
hibition (IC50) was achieved for 13=14 isolates with TAK-779,
at varying concentrations, a 90% inhibition (IC90) was not
achieved for any of the virus isolates with an elevated usage of
any chimeric receptor [designated (þþ) and (þþþ) in Table 2]
even at the highest concentration of TAK-779 (990 nM). In
contrast, IC90 values were achieved for all isolates that
were characterized by a lack of or weak ability to utilize any
chimeric receptor [designated (–) and (þ), respectively, in
Table 2]. Plasma and CSF isolates from the three patients with
ADC were all incompletely inhibited by TAK-779. There was
no correlation between sensitivity to TAK-779 and broadness
in chimeric receptor use (data not shown).

Discussion

Previous studies have shown that CNS-derived isolates,
including those from individuals with ADC, in general are R5-
tropic, although exceptions do occur.44–48 However, few stud-
ies have focused on possible discrepancies in coreceptor use
between peripheral virus isolates (plasma derived) and CNS
virus isolates (brain or CSF derived).

In line with previous studies we also found a predomi-
nance of CCR5-using isolates within CSF in four of the seven
patients who harbored X4=R5X4 plasma isolates. We believe
that this R5 virus dominance in CSF isolates may be explained
by a limited capacity of the studied X4=R5X4 variants to
replicate in target cells within the CNS, e.g., brain macro-
phages and microglial cells.49

In a study of paired plasma and CSF isolates from 46 in-
dividuals, Spudich et al.,50 using a recombinant phenotypic
assay, found discordant CXCR4=CCR5 usage in approxima-
tely 10% of subjects, which is similar to our findings. How-
ever, whereas they found X4-containing isolates in CSF from
two patients harboring only R5 phenotypes in plasma only the
opposite discordance was found in our study. Earlier studies
by Di Stefano et al. used cytopathological characterization of
MT-2 cells as an index of coreceptor tropism to evaluate blood
and CSF isolates. It is now well established that isolates that
are syncytia inducing (SI) in the MT-2 cell assay represent
CXCR4-tropic isolates and non-syncytia-inducing isolates
(NSI) are CCR5-tropic. In their evaluation of 22 individuals
with CD4þ T cell counts<200 cells=ml, discordant phenotypes
were detected in 46% of paired CSF and PBMC isolates.51 All
discordant isolates were represented by NSI (R5-tropic)
strains being detected in CSF in the presence of SI (X4=R5X4)
strains isolated from blood, which is in compliance with our

FIG. 3. Correlations between (A) plasma virus FC-2 usage
and CD4þ T cell counts and (B) CSF virus FC-2 usage and
CSF HIV-RNA load. (A) Individuals harboring plasma FC-2þ

R5 isolates or X4 isolates had significantly lower CD4þ T cell
counts as compared to individuals with FC-2- R5 isolates
( p¼ 0.004 and p¼ 0.005, respectively). (B) Individuals har-
boring CSF FC-2þ R5 isolates had significantly higher CSF
HIV-RNA levels as compared to individuals with FC-2- R5
isolates ( p¼ 0.02). CSF HIV-RNA levels for individuals
harboring CSF X4 isolates did not significantly differ from
other groups. Coreceptor use was determined as p24 antigen
production >100 pg=ml in the cell culture supernatant.
Horizontal lines represent mean values of CD4þ T cell counts
and CSF HIV-RNA levels.
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findings. In a clinical perspective, our results on wild-type
coreceptor use do not support the necessity to assess CSF
virus coreceptor tropism in patients with exclusive R5-tropic
plasma virus that are under consideration for CCR5 antago-
nist treatment. Furthermore, some HIV-1-infected individuals
that harbor CXCR4-using viral populations in plasma may
theoretically benefit from treatment with CCR5 antagonists,
as thiscouldsuppressvirusreplicationwithintheCNS, thereby
preventing further HIV-1-induced neurological damage in
these patients.

The rationale for including our CXCR4=CCR5 chimeras in
this evaluation lies within the results of our previous studies,
which emphasize the heterogenic nature of R5 virus cor-
eceptor use, and the possible implications that this may have
for the pathogenesis of HIV-1 infection.7 In six patients, R5-
tropic isolates with a discordant use of chimeric receptors
displayed no specific patterns of receptor use that could dis-
tinguish CSF-derived isolates from plasma isolates. Also, p24
production by infected wild-type CCR5-transfected cells was
similar between paired isolates (data not shown). Thus, CSF
isolates were not characterized by an increased flexibility in
CCR5 usage.

By assessing coreceptor use in the separate compartments
we confirmed that R5 plasma isolates from HIV-infected in-
dividuals with low CD4þ T cell counts are more flexible in
their use of chimeric receptors.7 In the present cross-sectional
study, the strongest correlation between chimeric receptor use
and immunological dysfunction was found when we specif-
ically assessed viral ability to utilize the chimeric receptor FC-
2. We found no correlation between plasma virus chimeric
receptor use and plasma viral load, although CD4þ T cell
counts and viral load correlated inversely as expected. How-
ever, FC-2 usage by CSF R5 isolates correlated significantly
with an increased CSF viral load (Fig. 3). We believe that this
may be explained by an increased ability of FC-2-utilizing R5
isolates to replicate in target cells within the CNS. This as-
sumption is supported by results from a recent study in which

we show that FC-2 usage by R5-tropic viruses correlates with
an enhanced ability to infect primary macrophages in vitro
(Karlsson et al., unpublished data).

Similar to previous studies, we found a correlation between
CSF-neopterin levels and ADC.39–42 We did not find any
significant correlation between CSF viral load and ADC, as
has been suggested in some studies.52 High CSF viral loads is,
however, not a uniform finding in ADC.53 High CSF HIV-
RNA levels could also be found in asymptomatic patients and
we showed in a previous study that 20% of untreated patients
who lack neurological deficits have higher viral loads in CSF
than in plasma.54 The relatively high levels of CSF viral load in
the individuals presented here may in part be explained by
our selection of participants, as one of the aims was to study
patients with varying viral load in the two compartments.

Emerging data suggest that in individuals with AIDS who
do not harbor X4=R5X4 virus phenotypes, CCR5-restricted
viruses with an altered R5 phenotype may develop at im-
munodeficiency.38,55–59 Our study confirms the notion that R5
viruses isolated from severely immunosuppressed individu-
als are distinct with regards to coreceptor usage. This suggests
that alterations in the mode of CCR5 use may be a key event in
R5 virus pathogenesis. In a recent separate study we also
showed that evolution of the R5 phenotype can be linked to
adaptive molecular changes in the viral envelope glycopro-
teins, where viruses detected after AIDS onset display gp120
with increased net positive charge.60 These alterations may be
detected in the described assay as an enhanced viral ability to
utilize chimeric receptors.

HIV-1 infection in CNS may pose a specific obstacle to
treatment with antiretroviral agents. Several existing antire-
troviral compounds penetrate the blood–brain barrier poorly,
and suboptimal CNS drug concentrations may favor the
emergence of drug-resistant virus strains.61,62 A sustained low
level inflammation is often detected in CSF samples from
patients with undetectable plasma virus levels, even after
several years of maintained antiretroviral treatment,63 and

Table 2. CD4þ T-Cell Counts, ADC, Sensitivity to Inhibition by TAK-779, and Chimeric Receptor

Use by Paired Plasma and CSF HIV-1 R5 Isolates

PatientIsolate
CD4þ T Cell count

(�106 cells=ml) ADCa
TAK-779

IC50 (nM)b
TAK-779

IC90 (nM)b
Chimeric receptor

usec

2plasma 627 6 39 þ
2csf 6 32 þ
3plasma 532 70 235 þ
3csf 6 130 þ
16plasma 150 10 32 �
16csf 15 140 �
21plasma 49 Yes 60 860 þ
21csf 85 >990 þþþ
13plasma 230 Yes >990 >990 þþ
13csf 810 >990 þþþ
26plasma 36 225 >990 þþþ
26csf 183 >990 þþþ
27plasma 35 Yes 25 >990 þþ
27csf 73 >990 þþ

aADC, AIDS dementia complex.
bSensitivity to inhibition by TAK-779 for selected R5 HIV-1 isolates was evaluated on PHA- and IL-2-stimulated PBMCs. Maximum

concentration of TAK-779 was 990 nM.
cSemiquantitative analysis of the ability to utilize any of the chimeric receptors, based on the most efficient infection of either of the

receptors FC-1, FC-2, or FC-4B. 100–1000 pg p24 antigen=ml (þ), 1000–10,000 pg=ml (þþ), >10,000þpg=ml (þþþ).
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subjects with CSF viral load <2 copies=ml have lower intra-
thecal immunoactivation than subjects with CSF viral load
between 2 and 20 copies=ml irrespective of plasma viral
load.64 Together, this may indicate that full virus suppression
of CNS HIV-1 infection is not always achieved with current
drug regimens. Whether new compounds, such as CCR5 an-
tagonists, would be more effective in suppressing CNS viral
replication is not yet known. This provided the rationale to
analyze sensitivity to CCR5 antagonism in selected R5-tropic
isolates from the two compartments. For this purpose we
selected paired isolates with varying chimeric receptor use,
which also allowed us to correlate mode of chimeric cor-
eceptor use with sensitivity to the CCR5 antagonist TAK-779.
Although there were no general discrepancies in sensitivity to
inhibition by TAK-779 between R5 isolates from the two
compartments, it is important to note that the CSF isolates
from all three patients with ADC were R5-tropic phenotypes
that were incompletely inhibited by TAK-779 in vitro.

Although this evaluation was performed on a limited num-
ber of isolates it is striking that 90% inhibition could not be
achieved for any of the seven isolates with an elevated usage
of any of the chimeric receptors, whereas this was achieved for
all other isolates (Table 2). Given that our CXCR4=CCR5
chimeric receptors share a common CCR5 backbone that lacks
the N-terminus, it is possible that R5 isolates that are able to
utilize these receptors are less dependent on interactions with
the N-terminal part of CCR5. In this context it is intriguing
that R5 virus resistance to the clinically available CCR5 an-
tagonist maraviroc (Pfizer, Inc., New York, NY), has recently
been explained by a reduced viral dependency on interactions
with the N-terminus of CCR5.65 Furthermore, R5 virus resis-
tance to maraviroc is also similarly characterized by a reduced
maximum percentage inhibition with no change in IC50.
However, the clinical relevance of reduced sensitivity to TAK-
779 for the outcome of CCR5 antagonist treatment remains to
be determined.

Further studies are warranted to verify the correlation
found here between R5 isolate chimeric receptor utilization
and viral sensitivity to inhibition by CCR5 antagonism.
Nevertheless, chimeric CXCR4=CCR5 receptors may prove to
be useful tools, not only in future studies of R5 virus patho-
genesis, but also for optimizing antiretroviral treatment with
coreceptor antagonists.
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