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Abstract

 

By studying changes in the clonal composition of HIV-1

populations during the first weeks of zidovudine (ZDV)

treatment before the development of ZDV resistance–con-

ferring mutations, we demonstrated previously a selective

inhibition of nonsyncytium-inducing (NSI) HIV-1, even when

present as coexisting population in individuals also harbor-

ing syncytium-inducing (SI) HIV-1. In this study, we ob-

served the opposite in individuals receiving didanosine

(ddI) treatment. In these individuals (

 

n

 

 

 

5 

 

7) a median

 

2

 

0.98 log change (range 

 

2

 

1.55–0.08) in infectious cellular

SI load was observed, whereas the coexisting NSI load was

only minimally affected (median 

 

2

 

0.15 log, range 

 

2

 

1.27–

0.50;

 

 P 

 

5 

 

0.03). The virus phenotype–dependent treatment

responses were independent of the clonal composition of

HIV-1 populations at baseline. Individuals treated with a

combination of ZDV and ddI revealed an equal decline of

both NSI and SI infectious cellular load (

 

n

 

 

 

5 

 

4; NSI: me-

dian 

 

2

 

1.55 log, range 

 

2

 

2.19 to 

 

2

 

1.45; SI: median 

 

2

 

1.47

log, range 

 

2

 

1.81 to 

 

2

 

0.86;

 

 P 

 

5 

 

0.56). 

To test the hypothesis that the previously reported opti-

mal activation of ZDV and ddI in activated and resting T

cells, respectively, in combination with the differential T cell

tropism of NSI and SI HIV-1 is the basis for the observed virus

phenotype specific efficacy of nucleoside analogs, we stud-

ied the effect of treatment with a protease inhibitor that does

not require intracellular activation. Individuals receiving

ritonavir (

 

n

 

 

 

5 

 

4) indeed showed equal declines in NSI and

SI infectious cellular load (NSI: median 

 

2

 

2.37 log, range

 

2

 

2.59 to 

 

2

 

2.16; SI: median 

 

2

 

2.82 log, range 

 

2

 

3.14 to

 

2

 

2.50;

 

 P 

 

5 

 

0.25). Our data suggest HIV-1 phenotype as an

additional parameter in the design of optimal treatment reg-

imens. (

 

J. Clin. Invest. 

 

1997. 100:2325–2332.) Key words:

HIV-1 biological phenotype 

 

•

 

 anti-retroviral therapy 

 

• 

 

AIDS 

 

•

 

cell cycle dependency 

 

•

 

 ritonavir

 

Introduction

 

The biological properties of the HIV-1, such as replication rate,
cell tropism, and cytopathicity, can vary in the course of HIV-1
infection (1–4). In the early asymptomatic phase preferentially
macrophage-tropic, nonsyncytium-inducing (NSI)

 

1

 

 variants pre-
dominate, whereas in the course of the infection more T cell
tropic variants appear, in 50% of cases associated with the
emergence of syncytium-inducing (SI) variants (5–8). Recently,
it has been shown that HIV-1 tropism is mainly determined by
second receptor usage. Macrophagetropic NSI variants use the

 

b 

 

chemokine receptor-5 (CCR5), T cell line tropic SI variants
use the 

 

a 

 

chemokine receptor-4 (CXCR4), and primary SI
variants can use both (9–16). Based on chemokine responsive-
ness of PBMC, CXCR4 is thought to be expressed abundantly,
while CCR5 expression on PBMC is low (17, 18). This fits with
the previously found broader T cell host range of SI variants
(19). In the natural course of HIV-1 infection, the emergence
of SI variants has been shown to correlate with both acceler-

 

ated CD4

 

1

 

 T cell decline and accelerated disease progression
(20–23). The same has been found during treatment (24–28).
Moreover, individuals harboring only NSI HIV-1 variants were
shown to benefit more from treatment with zidovudine (ZDV)
than individuals also harboring SI variants (26). Using a limit-
ing dilution culture protocol, we demonstrated previously that
this differential benefit of ZDV correlates well with a differen-
tial response to therapy of cellular SI and NSI HIV-1 load,
which could not be explained by differences in the rate of resis-
tance development between both variants (29).
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 CCR5, 

 

b 

 

chemokine receptor-5;
CXCR4, 

 

a 

 

chemokine receptor-4; ddI, didanosine; NSI, nonsyncy-
tium-inducing; SI, syncytium-inducing; ZDV, zidovudine.
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In contrast with ZDV, didanosine (ddI) monotherapy has
been reported to result in the loss of SI variants (30, 31). In ad-
dition, despite its capacity to pass the blood–brain barrier (32),
ddI does not have the pronounced and long lasting effect on
reversing AIDS dementia in adults as observed for ZDV (33,
34), which suggests different targets for the two drugs. Indeed,
in vitro, ZDV and ddI have been shown to work synergisti-
cally, and several large clinical trials, together representing
HIV-1–infected individuals in different stages of HIV-1 infec-
tion with a broad range of CD4

 

1

 

 T cell numbers, have shown
the increased clinical benefit of combined ZDV and ddI (35–
38). To further investigate this viral phenotype–dependent re-
sponse to nucleoside analog treatment, we studied treatment
responses in serum and in infectious cellular virus loads during
ZDV or ddI monotherapy or ZDV/ddI combination therapy.
For comparison, the clonal composition of virus populations
during treatment with the protease inhibitor ritonavir was
studied.

 

Methods

 

Study population.

 

10 antiretroviral treatment–naive asymptomatic
HIV-1–infected individuals attending the Municipal Health Service
as part of the Amsterdam Cohort Studies on HIV and AIDS in ho-
mosexual men, participated in a previously described ZDV dose-effi-
cacy study (24, 29, 39) that started in 1987 (dose 1000 mg daily). 4 of
these 10 individuals also received aciclovir prophylaxis as part of this
study (ACH numbers 0105, 0232, 0316, and 0346). Written informed
consent was obtained from all participants in the Amsterdam Cohort
Studies of HIV infection and AIDS. In the conduct of clinical re-
search human experimentation guidelines of the authors’ institutions
were followed.

Seven HIV-1–infected individuals attending the Academic Medi-
cal Centre participated in a previously described international study
on the effects of two doses of ddI (40) that started in 1990. These
seven individuals were previously treated with ZDV (26, 39), but
stopped therapy because of adverse events. After a washout period of
at least 4 wk they started with ddI (dose 200–400 mg daily). Six of these
seven individuals received cotrimoxazol, pentamidine, ketocoxazol,
and/or aciclovir as prophylaxis. Two were diagnosed with AIDS on
the basis of 

 

Pneumocystis carinii 

 

pneumonia before start of treatment
(ACH numbers 8308 and 0053).

Four antiretroviral treatment–naive HIV-1–infected individuals
attending the Academic Medical Centre were treated with a combi-
nation of ZDV and ddI within two previously described trials (35, 36)
that started in 1991 and 1993 (dose 600 mg ZDV daily and 200–400

mg ddI daily). One of these four individuals (d271) was diagnosed
with AIDS based on 

 

Pneumocystis carinii

 

 pneumonia and received
cotrimoxazol before the start of the study.

Four protease-inhibitor treatment–naive HIV-1–infected individ-
uals participated in two trials on the efficacy of ritonavir (41) that
started in 1994 and 1995 (dose 900–1200 mg daily). One of these four
individuals (id235) had received ZDV and cotrimoxazol for 9 mo, but
stopped taking ZDV 1 mo before starting ritonavir.

To be able to compare the treatment effects in our different study
groups, subjects were selected from the latter three studies for the
presence or absence at baseline of SI variants in bulk coculture, on
the basis of baseline CD4 counts (between 50 and 300 cells/

 

m

 

l), and
on the availability of cryopreserved patient PBMC samples at base-
line and at appropriate time points after start of treatment (1, 3, and 6
mo). We analyzed CD4

 

1

 

 T cell numbers, serum HIV RNA load, and
cellular infectious load at baseline between the four treatment groups,
both for those individuals harboring only NSI variants and for those
harboring both SI and NSI variants (Table I and II). Baseline CD4

 

1

 

 T
cell numbers invariably were higher in individuals harboring only NSI
variants. However, only the ZDV-treated individuals had higher base-
line CD4

 

1

 

 T cell numbers. Neither the clonal composition at baseline
nor the absolute infectious cellular load differed significantly between
any of the study groups.

 

Virological assays.

 

 From all 25 individuals, cryopreserved PBMC
and serum samples obtained from sequential time points, from 2 mo
before up to 1 yr after initiation of treatment, were analyzed.

Determination of the proportion of productively infected cells
and isolation of biological virus clones was performed using a previ-
ously described limiting dilution culture system (5, 29, 42). Briefly,
patient PBMC (2,500–40,000 cells per well, 24–96 replicates per cell
concentration) were cocultivated in 96-well plates, with 10

 

5

 

 3-d phyto-
hemagglutinin (PHA)-stimulated fresh PBMC from healthy blood
donor volunteers. Every week for 5 wk, 65 

 

m

 

l of culture supernatants
were collected for detection of p24 antigen by an in-house p24 capture
ELISA. At the same time, half of the cells were transferred to new
96-well plates and 10

 

5

 

 fresh PHA-stimulated healthy donor PBMC
were added to propagate the culture. SI capacity of the virus clones
was determined by cocultivation of the remaining cells with MT-2
cells (20). The proportion (F) of infected cells was determined ac-
cording to the formula for Poisson distribution: F

 

 5 2

 

ln(F

 

0

 

), in which
F

 

0

 

 is the fraction of negative cultures. Since CD4

 

1

 

 T cells have been
shown to be the most important target for HIV-1 in the peripheral
blood (43), virus load is expressed as the tissue culture infectious dose
(TCID) per 10

 

6

 

 CD4

 

1

 

 T cells.
Serum HIV-1 RNA levels were determined using reverse tran-

scriptase (RT)-PCR (Amplicor HIV-1 monitor assay; Roche Molecu-
lar Systems, Branchburg, NJ) (44) in two subjects on combined ZDV/
ddI treatment and in the four subjects on ritonavir treatment or nu-

 

Table I. Median CD4

 

1

 

 Lymphocyte Numbers and Serum HIV RNA Levels at Baseline

 

Treatment

 

n

 

Individuals with only NSI

 

n

 

Individuals with both SI and NSI

CD 4

 

1

 

 T cells* RNA levels

 

‡

 

CD4

 

1

 

 T cells* RNA levels

 

‡

 

ZDV 7 400 (290–710) 4.66 (4.00–5.42) 3 190 (190–240) 4.42 (4.11–4.91)

ddI 2 220 (200–240) 5.78 (5.70–5.86) 5 110 (60–130) 5.20 (4.80–5.75)

ZDV 

 

1

 

 ddI 0 NA NA 4 205 (80–280) 4.63 (3.80–4.91)

Ritonavir 2 165 (120–210) 5.24 (5.19–5.28) 2 260 (230–290) 5.54 (5.41–5.67)

*Expressed as cells per microliter; 

 

‡

 

expressed as log copies per milliliter; numbers between parentheses indicate range; NA 

 

5

 

 not applicable (no indi-

viduals with only NSI variants on ZDV/ddI combination therapy were studied). Mann-Whitney rank sum test for differences between treatment

groups: CD4

 

1

 

 T lymphocyte numbers in NSI only carriers, ZDV versus ddI, 

 

P

 

 

 

5

 

 0.040, ZDV versus ritonavir, 

 

P

 

 

 

5

 

 0.040; CD4

 

1

 

 T lymphocyte num-

bers in NSI plus SI carriers: ZDV versus ddI, 

 

P

 

 

 

5

 

 0.025; Serum HIV RNA levels in NSI carriers, ZDV versus ddI, 

 

P

 

 

 

5

 

 0.040. No other comparisons in

baseline CD4

 

1

 

 T lymphocyte numbers or serum HIV RNA levels between the groups reached statistical significance.
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cleic acid based amplification assay (NASBA HIV-1 RNA QT; Orga-
non Teknika, Boxtel, The Netherlands) (45) in the other subjects. Per
individual all samples were assayed in batch.

 

Statistical analysis.

 

Number Crunching Statistical Systems (NCSS,

version 6.0, Klaysville, UT) was used for statistical analyses. Viral
load measurements were log-base 10 transformed before statistical
analysis. Mann-Whitney rank sum test was used to calculate differences
in baseline levels and treatment responses in CD4 cell counts, serum

Figure 1. Maximal changes in infectious cellular load observed within 6 
mo after start of antiviral therapy. Each dot represents the maximal re-
sponse for one individual. (a) Changes in total infectious cellular load. 
Open circles represent individuals carrying only NSI variants, black/
gray circles represent individuals carrying both SI and NSI variants. (b) 
Changes in NSI infectious cellular load. Open circles represent NSI 
load in individuals carrying only NSI variants, gray circles represent 
NSI load in individuals carrying both SI and NSI variants. (c) Changes 
in SI infectious cellular load. Black circles represent SI load in individ-
uals carrying both SI and NSI variants. P values from the Mann-Whit-
ney rank sum test for differences between the four treatment groups 
are shown. PI, protease inhibitor ritonavir; ns, not significant.

 

Table II. Median NSI and SI Infectious Cellular Load and Percentages of SI Variants at Baseline

 

Treatment

Individuals with only NSI Individuals with both SI and NSI

 

n

 

NSI load*

 

n

 

NSI load* SI load* Percentage SI

 

ZDV 7 1.78 (1.28–2.35) 3 2.20 (1.43–2.39) 1.58 (1.11–2.47) 52% (32–53)

ddI 2 1.96 (1.68–2.23) 5 1.93 (0.00–2.62) 1.64 (0.90–2.55) 49% (33–100)

ZDV 

 

1

 

 ddI 0 NA 4 1.55 (1.26–2.19) 1.47 (0.86–1.81) 49% (28–59)

Ritonavir 2 2.27 (2.16–2.37) 2 1.30 (0.00–2.59) 2.82 (2.50–3.14) 75% (49–100)

*Expressed as log TCID per 10

 

6

 

 CD4; numbers between parentheses indicate range; NA 

 

5

 

 not applicable (no individuals with only NSI variants on

ZDV/ddI combination therapy were studied). Baseline SI and NSI infectious cellular load did not differ significantly between the treatment groups.
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RNA load and SI and NSI infectious cellular load between the four
different treatment groups.

 

Results

 

Changes in CD4

 

1

 

 T cell numbers, serum HIV-1 RNA load,

and infectious cellular load during nucleoside analog treat-

ment.

 

The ZDV-treated group showed the largest response in
CD4

 

1

 

 T cell numbers (median increase 250 cells/

 

m

 

l, range

 

2

 

70–470) compared with the group on ddI monotherapy (me-
dian increase 30 cells/

 

m

 

l, range 

 

2

 

60–300), and ZDV/ddI com-
bination therapy (median increase 130 cells/

 

m

 

l, range 20–200)
(46). The latter group showed a strong decline in serum RNA
load (median 

 

2

 

1.72 log [range 

 

2

 

2.36 to 

 

2

 

1.42]), while ZDV
or ddI monotherapy caused moderate decreases (ZDV: me-
dian 

 

2

 

0.63 log [range 

 

2

 

1.76–0.47]) and ddI: median 

 

2

 

0.57 log
(range 

 

2

 

1.03 to 

 

2

 

0.27).
For the majority of treated individuals, the maximal re-

sponse to treatment in infectious cellular load was observed
before the 3 mo time point. Fig. 1 

 

a

 

 depicts the maximal de-
clines observed within 6 mo after initiation of treatment. Dur-
ing treatment with the combination of ZDV and ddI, a stron-
ger response was observed (median 

 

2

 

1.91 log [range 

 

2

 

2.21 to

 

21.73]) than either in the group on ZDV monotherapy (me-
dian 21.05 log [range 22.35 to 20.28]) or in the group on ddI
monotherapy (median 20.74 log [range 21.15–0.52], Mann
Whitney rank sum test, P 5 0.05 and 0.008, respectively).

Changes in infectious cellular SI and NSI virus load during

nucleoside analog treatment. As we observed previously that
the coexisting SI and NSI populations responded differentially
to ZDV treatment, we next analyzed changes in these virus
populations during treatment with ddI alone or in combination
with ZDV. Baseline levels of SI and/or NSI infectious cellular
load and the percentages of SI variants present at baseline
were not significantly different between any of the nucleoside
analog treatment groups when comparing the individuals har-
boring only NSI variants or those harboring both SI and NSI
variants (Table II). Changes in the infectious cellular SI and

NSI load for each subject in the three different nucleoside ana-
log treatment groups are shown in Fig. 2. Different responses
in infectious cellular NSI and SI load were observed depend-
ing on the nucleoside analog treatment regimen. As reported
previously (29), during ZDV treatment, a preferential inhibi-
tion of NSI variants was observed while the SI load was less af-
fected. In individuals receiving ddI monotherapy, however, the
opposite phenomenon was observed: SI virus load showed a
substantial decrease, while NSI virus load remained mostly un-
changed. In individuals on ZDV/ddI combination therapy, SI
and NSI virus load were equally affected and their responses
to treatment showed similar kinetics.

Within the different treatment groups, responses in NSI
load were comparable between individuals, i.e., NSI load de-
clined in all individuals under ZDV treatment and under ZDV/
ddI combination treatment, and was not affected during ddI
treatment. Moreover, the changes in SI load followed the same
patterns for the different individuals within a treatment group,
i.e., SI load declined during ddI and ZDV/ddI combination
treatment, and was less affected during ZDV treatment. This
prompted us to combine the data on cellular SI and NSI HIV-1
load from all individuals for each different treatment group to
perform statistical analysis. Maximum responses in SI and NSI
infectious cellular load observed within the first 6 mo after ini-
tiation of treatment are shown in Fig. 1, b and c. ZDV treat-
ment resulted in a preferential inhibition of NSI virus load
(NSI: median 20.94 log [range 22.35 to 20.58], SI: median
20.25 log [range 20.98 to 20.17], P 5 0.06), while ddI prefer-
entially affected SI virus load (NSI: median 20.15 log [range
21.27–0.50], SI: median 20.98 log [range 21.55–0.08], P 5

0.03). Because of the low number of SI carriers in this ZDV
monotherapy group, the differences in response did not reach
statistical significance (29). In response to ZDV/ddI combina-
tion treatment, the changes in NSI and SI infectious cellular
load closely resembled a sum of the changes observed in NSI
load in individuals receiving only ZDV and in SI load in indi-
viduals receiving only ddI (NSI: median 21.55 log [range
22.19 to 21.45], SI: median 21.47 log [range 21.81 to 20.86],

Figure 2. Changes in SI and NSI HIV-1 populations relative to baseline levels in relation to time after start of nucleoside analog treatment. (a) 
Individuals on ZDV monotherapy, (b) individuals on ddI monotherapy, and (c) individuals on ZDV/ddI combination therapy. CD41 T lympho-
cyte numbers (expressed as cells per microliter) and NSI and SI infectious cellular load (expressed as log TCID per 106 CD4 cells) at baseline are 
given for each individual. Open circles represent the NSI load in individuals carrying only NSI variants, gray and black circles represent NSI and 
SI load, respectively, in individuals harboring both variants.

Figure 3. Changes in SI and NSI 
HIV-1 populations relative to base-
line levels in relation to time after 
start of protease inhibitor treatment. 
CD41 T lymphocyte numbers (ex-
pressed as cells per microliter) and 
NSI and SI infectious cellular load 
(expressed as log TCID per 106 CD4 
cells) at baseline are given for each 
individual. Open circles represent 
the NSI load in individuals carrying 
only NSI variants, gray and black cir-
cles represent NSI and SI load, re-
spectively, in individuals harboring 
both variants.
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P 5 0.56). For both phenotypic groups the combination ther-
apy seemed to have additional inhibitory effect.

Changes in infectious cellular SI and NSI virus load during

protease inhibitor therapy. Nucleoside analogs are prodrugs
that require intracellular phosphorylation for their activity. We
hypothesized that differences in prodrug activation in combi-
nation with the differential T cell tropism of SI and NSI HIV-1,
may underlie the observed differences in response to nucleo-
side analog therapy. Therefore, we wanted to analyze changes
in SI and NSI virus populations during treatment with a com-
pound that does not need to be metabolized, such as HIV-1
protease inhibitors.

We analyzed treatment responses in four individuals, who
were treated with the protease inhibitor ritonavir. Baseline
characteristics of these subjects are shown in Tables I and II.
An z 2-log drop in virus load was observed in all individuals
(serum RNA load: median 21.86 log [range 22.59 to 21.51];
infectious cellular load: median 22.61 log [range 23.14 to
22.16]), which in magnitude was similar to that observed in in-
dividuals on ZDV/ddI combination treatment. As shown in
Figs. 1 and 3, SI and NSI variants were affected equally by
ritonavir treatment (NSI: median 22.37 log [range 22.59 to
22.16], SI: median 22.82 log (range 23.14 to 22.50) (P 5

0.25).

Discussion

Previously, we have reported a preferential inhibition of NSI
variants by ZDV. The absence of an effect on SI variants could
not be explained fully by the emergence of resistance confer-
ring mutations in the reverse transcriptase gene (29). Others
have since shown that ddI treatment results in a loss of SI vari-
ants in bulk cocultures (30, 31). Moreover, results of several
large clinical trials have now shown the increased clinical bene-
fit of the combined treatment with ZDV and ddI (35–38). To
further understand and elucidate this phenomenon we studied
the clonal composition of HIV-1 populations in several addi-
tional subjects treated with either ddI alone or in combination
with ZDV. In contrast with ZDV, ddI monotherapy resulted
in a selective loss of SI variants. However, neither total cellular
virus load, CD41 T cell numbers, nor serum RNA load were
much affected, which combines well with the observations on
the minor clinical benefit of ddI monotherapy in heavily-pre-
treated, late stage HIV-1–infected individuals such as the sub-
jects in this and other studies (40, 47). Combination therapy of
ddI and ZDV resulted in a 1.5–2.5 log decline in both infec-
tious cellular (both in NSI and SI load) and in serum HIV-1
load, again correlating with the in vivo clinical benefit ob-
served in several large clinical trials (35–38).

Because of the retrospective nature of this study, the differ-
ent treatment groups varied with respect to year of initiation of
treatment, OI prophylaxis, and disease stage. The ZDV mono-
therapy group especially differed at baseline from the other
two nucleoside analog treatment groups with respect to base-
line CD41 T cell numbers and serum HIV-1 RNA load. In ad-
dition, all individuals receiving ddI monotherapy were ZDV
experienced (median duration 13 mo [range 6–40 mo] and re-
sistance mutations for ZDV might have influenced the ddI re-
sponse [48]). Although, because of these differences, a com-
parison of clinical effect of the different treatment regimens is
not allowed, the consistent HIV-1 phenotype–dependent re-
sponses to treatment with ZDV and/or ddI suggest that the

differences at baseline do not influence the virus phenotype
dependent responses. Moreover, the fact that the percentage
of SI variants present at baseline was comparable between all
three nucleoside analog treatment groups further strengthens
the notion that ZDV pretreatment of the ddI group did no
longer influence the virus population by the time ddI treat-
ment was initiated. Finally, when analyzing a group of individ-
uals who started on ZDV monotherapy in 1993 similar results
were obtained to the results obtained with the ZDV mono-
therapy group that started in 1987 (29).

In our previous study, we showed that the differences in the
infectious cellular load responses of SI and NSI HIV-1 were
not due to differences in the rate by which ZDV resistance
mutations were acquired (29). Mutations conferring ddI resis-
tance are generally not observed before 6 mo after initiation of
monotherapy and phenotypic ddI resistance has rarely been
demonstrated (35, 49, 50). Moreover, no differences in ddI re-
sistance development were found between individuals harbor-
ing only NSI variants and those also harboring SI variants de-
spite differences in CD41 T cell response (27). The differential
declines in infectious cellular load already 12 wk after initia-
tion of treatment may therefore be considered independent of
resistance mutations. The rebound in virus load, however,
might well be due to the emergence of drug resistant viruses.

The observed HIV-1 phenotype–specific activity of ZDV and
ddI may be explained by the activation mechanism of nucleo-
side analogs (ddN). Like the activation of nucleosides, activa-
tion of ddN requires phosphorylation which is dependent on
cellular kinases whose expression and activity are cell type spe-
cific (51–53). ZDV and stavudine (d4T) are phosphorylated by
kinases that are only active in activated cells. In contrast, the
cellular kinases responsible for phosphorylation/activation of
ddI, zalcitabine (ddC), and lamivudine (3TC) are potent in
quiescent cells. From this latter group the cytidine analogs
(ddC, 3TC), but not the purine analog ddI, are even more
phosphorylated in activated cells (51). The enhanced phos-
phorylation of ZDV in activated cells was shown to even over-
come the increase in virus production induced by the activa-
tion, whereas ddI was not able to do so (53). These results
suggest that the anti–HIV-1 activity of ZDV is superior in acti-
vated cells, whereas ddI is more effective in resting cells (52, 53).

Recently, the coreceptors for NSI and SI HIV-1 variants
have been identified (9–14). While CXCR4 is widely expressed
also on resting T lymphocytes, the expression of CCR5 is low
on quiescent T cells and only significantly upregulated after
stimulation (17, 18, 54). Moreover, a largely reciprocal expres-
sion of CXCR4 and CCR5 among peripheral blood T cells has
been reported (55). CXCR4 is expressed predominantly on
unactivated naive CD26low CD45RA1 CD45R02 T lympho-
cyte subset, while CCR5 is found on CD26high CD45RAlow

CD45R01 T lymphocytes thought to represent activated/mem-
ory cells. Thus, as NSI and SI HIV-1 variants may have differ-
ent cellular tropisms for activated/memory and resting/naive
T cells, respectively, specific coreceptor expression coinciding
with the presence of cellular kinases specific for phosphoryla-
tion of certain ddN, may contribute to the virus phenotype–
dependent effect of different ddN. We propose the following
hypothetical model to explain the virus phenotype dependent
efficacy of nucleoside analogs. In this model, ZDV is preferen-
tially active in activated CCR5 expressing cells that can be in-
fected by NSI HIV-1 variants, while ddI preferentially acts in
quiescent CXCR4 expressing cells that support SI HIV-1 in-
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fection. The combination of ZDV and ddI then covers both
cell types and thereby inhibits both phenotypic variants. Pro-
tease inhibitors, which do not require intracellular phosphory-
lation, are as active in quiescent as in activated cells (53). In
agreement with our model, we observed an equal inhibition of
NSI and SI HIV-1 populations in individuals receiving the pro-
tease inhibitor ritonavir. Primary SI variants are capable to use
both CCR5 and CXCR4 for entry (15, 16). Indeed, ZDV, pre-
sumed to work preferentially in CCR5 expressing cells, also
partially inhibits SI virus load. On the other hand, primary SI
variants do not seem to escape ddI, presumed to work prefer-
entially in CXCR4 expressing cells, by replicating in CCR5 ex-
pressing cells. Apparently, in these individuals, the SI variants
are not able to compete with the NSI variants for these targets.
This would be in agreement with the findings that NSI variants
always remain present and significantly contribute to viral load
even after the emergence of SI variants (42).

Further evidence to support our model can be deduced from
the effective treatment with ddI, thought to be active in naive
cells, of HIV-1–infected children in whom naive cells are abun-
dant (47). The virus populations present in naive and memory
cells in HIV-1–infected individuals and the tropism of NSI and
SI HIV-1 variants for these cells are currently under study.

In conclusion, the potential for effective combination anti-
viral therapy might be enhanced if drugs from each of the two
categories, the cell activation–dependent ddNs and the cell ac-
tivation–independent ddNs, are included. It should be noted,
however, that toxicity profiles, bioavailability in all tissue com-
partments, and resistance profiles also have to be considered
as critical factors in designing effective combination chemo-
therapy.
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