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We studied the distribution of human immunodeficiency virus type 1 (HIV-1) DNA in CCR5-positive and
-negative peripheral blood lymphocyte populations in HIV-1-infected individuals. While HIV-1 DNA in the
CCR5-positive population showed no correlation with CD4 count, the increase of total HIV-1 DNA with lower
CD4 count was mainly contributed by the increase of HIV-1 DNA in the CCR5-negative population. This might
indicate the change in coreceptor usage from CCR5 to CXCR4 in later stages of disease progression. However,
some of the samples with a high viral DNA load in the CCR5-negative population did not have any charac-
teristic of the V3 loop sequence that is compatible with CXCR4 usage or the syncytium-inducing (SI) pheno-
type. We also did not find any known characteristic change predictive of the SI phenotype in V1 and V2
sequences. Our findings showed that there might be a shift in target cell populations during disease progres-
sion, and this shift was not necessarily associated with the genetic changes characteristic of CXCR4 usage.

Human immunodeficiency virus type 1 (HIV-1) isolates
from asymptomatic individuals at earlier stages of infection are
usually found to be macrophage-tropic and nonsyncytium in-
ducing (NSI) and to use only CCR5 as a coreceptor (R5 iso-
lates). In contrast, viral isolates from AIDS patients can be
T-cell line-tropic and syncytium inducing (SI) and to use either
both CCR5 and CXCR4 (R5X4 isolates) or only CXCR4 (X4
isolates) (10, 11, 15, 17). The major genetic determinant of cell
tropism and chemokine receptor usage lies in the V3 loop;
minor determinants were also described in V1 and V2 (3, 7, 8,
18). The appearance of SI viruses is associated with a more
rapid CD4 count decline and disease progression (10, 11). The
chemokine receptors CCR5 and CXCR4 are differentially ex-
pressed on different subsets of CD41 T cells. CCR5 is ex-
pressed on activated T cells and a subset of memory T cells (2).
CXCR4 is expressed mainly on naive cells, which are the cells
that have not yet encountered antigen and therefore are rest-
ing cells (14). Resting cells were shown to be refractive to
HIV-1 infection, and naive cells have been shown to be less
susceptible to productive HIV infection even after activation of
the cells (5, 16). We have shown earlier that CXCR4-express-
ing cells become more activated in later stages of disease pro-
gression and therefore might be more susceptible to HIV in-
fection (1). These data imply that there should be a shift in the
target cell population from CCR51 cells to CXCR41 cells with
the viral phenotypic switching and the disease progression. The
distribution of HIV infection in T-cell subsets with different
chemokine receptors in vivo, however, has not been studied.
Whether this distribution is influenced by the viral chemokine
receptor usage and disease progression has not been shown. A

recent study showed that naive cells were also infected with
CCR5-using viruses (13). This raised a question as to whether
our current understanding of the viral chemokine receptor
usage and the chemokine receptor expression in T-cell subsets
is accurate in an in vivo situation.

We analyzed cross-sectionally the viral DNA content in
CCR5-positive and -negative peripheral lymphocyte popula-
tions to study the viral DNA distribution and to examine the
influence of CD4 count and the viral chemokine receptor us-
age as determined by V3 signature sequences and on the viral
DNA distribution.

MATERIALS AND METHODS

Blood specimens and cell separation. Blood samples were collected from 30
HIV-1-infected patients at the HIV Clinic of Siriraj Hospital. Patients were
arbitrarily selected to include both asymptomatic and symptomatic infections. All
patients were not treated with any antiretroviral drug at the time of specimen
collection. Ten milliliters of venous blood was collected from each subject and
processed for cell separation within 3 h. CD4 count was performed on whole
blood specimens. Peripheral blood mononuclear cells (PBMC) were separated
from the blood specimens by centrifugation on Ficoll cushion. The cells were
washed and resuspended in RPMI 1640 medium with 10% fetal calf serum
(FCS), and monocytes were depleted by plastic adherence overnight. The non-
adherent cells were further separated into CCR5-positive and -negative popu-
lations by using MACS (Miltenyi Biotech) immunomagnetic beads and a CCR5
monoclonal antibody (2D7). The separation was done according to the manu-
facturer’s instructions in two repetitive cycles in order to get maximum purity.
The unseparated and separated cell populations were analyzed by using a flow
cytometer using CD4, CD14, and CCR5 monoclonal antibodies to determine
CD4 percentage and assess the purity of each separated population.

To verify the purity of our separated cell preparation, we analyzed the mRNA
expression in each cell fraction by reverse transcription-PCR (RT-PCR). The
RNA extracted by using TRIzol reagent (Gibco-BRL) was heated at 68°C for 5
min, chilled on ice, and subjected to the RT reaction in a 50-ml volume contain-
ing 5 mg of random hexamer, 13 PCR buffer (10 mM Tris-Cl, 50 mM KCl, 0.1%
Triton X-100), 1.5 mM MgCl2, 200 mM concentrations of deoxynucleoside
triphosphates (dNTPs), 10 U of RNase inhibitor, and 9 U of avian myeloblastosis
virus-reverse transcriptase at 45°C for 1 h. Then, 15 ml Fifteen microliter of the
RT reaction was amplified in a PCR reaction as previously described, using
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primers CCR5c (CAAAAAGAAGGTCTTCATTACACC) and CCR5d (CCTG
TGCCTCTTCTTCTCATTTCG) (9). The PCR reaction mixture contained 13
PCR buffer, 1.5 mM MgCl2, 200 mM concentrations of the dNTPs, 20 pmol of
each primer, and 2.5 U of Taq. The amplification consisted of 40 cycles, with 5
initial cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 1.5 min, followed by
35 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 45 s. The PCR products
were visualized after electrophoresis in 2% agarose gel and ethidium bromide
staining.

Quantitative PCR. A gag competitive quantitative nested PCR was done using
a competitor with an internal 18-bp deletion. The competitor was made in two
steps. First, a shorter competitor of 97 bp with an 18-bp deletion was made in a
PCR reaction using the primers SK38, SK39, and SK38-delta, which carried the
deletion, as described previously (12). This competitor can be used in one-step
competitive PCR. In order to increase the sensitivity, we designed another
competitor that can be used in nested PCR by extending the competitor in
overlapping extension reactions using the shorter competitor and SK380 and
SK390 (19) as primers.

To quantitate HIV DNA, unsorted and sorted cells were lysed and DNA was
purified using QIA-Amp Blood Kit (Qiagen). DNA equivalent of 1.5 3 105 cells
was amplified by nested PCR, together with a serial dilution of the competitor.
SK380 and SK390 were used in the first-round PCR, and SK38 and SK39 were
used in the second-round PCR. The PCR was done in a total volume of 50 ml
containing 13 PCR buffer, 1.5 mM MgCl2, 200 mM concentrations of the dNTPs,
20 pmol of each primer, and 2.5 U of Taq. The amplification cycles were 95°C for
1 min, 60°C for 1 min, and 72°C for 1 min, with 35 cycles for the first round and
95°C for 1 min, 55°C for 1 min, and 72°C for 1 min and 35 cycles for the second
round. The PCR products were visualized after electrophoresis in 10% poly-

acrylamide and ethidium bromide staining. The PCR product bands were pho-
tographed with a digital camera, and the area under the curve for each band was
calculated using Gel-Pro software. The area of competitor bands was adjusted
for its lower molecular weight. The ratios between wild-type and competitor PCR
products were plotted against the copy numbers of competitor, and the copy
number of wild-type DNA was extrapolated from the curve where the ratio 5 1.
The HIV DNA content in each cell fraction was then calculated, with adjustment
for contaminated cells seen in flow cytometric analysis, by solving these two
equations: (i) aX 1 bY 5 the measured HIV DNA load in the CCR51 fraction
and (ii) gX 1 dY 5 the measured HIV DNA load in the CCR52 fraction, where
X is the adjusted HIV DNA load in the CD41 CCR51 fraction, Y is the adjusted
HIV DNA load in the CD41 CCR52 fraction, a is the number of CD41 CCR51

cells in the CCR51 fraction, b is the number of CD41 CCR52 cells in the
CCR51 fraction, g is the number of CD41 CCR51 cells in the CCR52 fraction,
and d is the number of CD41 CCR52 cells in the CCR52 fraction.

To quantitate HIV RNA, unsorted and sorted cells were lysed and RNA was
extracted using TRIzol reagent (Gibco-BRL). An RNA equivalent of 1.5 3 105

cells was amplified by a competitive RT-PCR. The above-mentioned DNA com-
petitor was cloned into pGEM-T Easy (Promega), and RNA competitor was
made by an in vitro transcription reaction by using T-7 RNA polymerase. The RT
reaction contained 13 Tth RT-PCR buffer (Boehringer Mannheim), 2.5 mM
MnCl2, 200 mM concentrations of dNTPs, 20 pmol of SK390 primer, 2.5 U of Tth
DNA polymerase (Boehringer Mannheim), and a serial dilution of RNA com-
petitor. The reaction was incubated at 60°C for 20 min and chilled on ice, and
then 20 pmol of SK380 primer was added together with MgCl2 and 103 chelating
buffer (Boehringer Mannheim) to obtain final concentrations of 2 mM and 13,
respectively. The reaction was then heated at 94°C for 5 min and to 60°C for 20

FIG. 1. Verification of the quantitative HIV-DNA PCR. (A) A total of 104 copies of HIV DNA in 8E5 cells were coamplified with 300, 1,500,
3,000, 6,000, or 30,000 copies of the competitor as shown in lanes 2 to 6, respectively. Lane 1 is the marker containing both wild-type (115 bp) and
competitor (97 bp) amplicons, and lane 7 is blank. (B) Ratios of adjusted density of the competitor and wild-type bands plotted against the copy
number of the competitor.
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min. The cDNA product was then further amplified by the same nested PCR as
that used for DNA quantitation.

Sequence analysis. C2-V3 fragments were amplified from unsorted cells by a
nested PCR using AI1 (ACTATGGGGTTCCTGTGTG) and AI2 (CCTCCTC
CAGGTCTGAA) as outer primers and CI1 (GGCAGTCTAGCAGAAGAAA
AGATAATAATCAGA) and BI2 (ATCTCCTCCTGATGGTGGCTGAA) as
inner primers. V1-V5 fragments were amplified for V1V2 sequencing in some
samples using envB (AGAAAGAGAAGAAGACAGTGGAAATGA) and AO2
(AGGTGAGTATCCCTG) as outer primers and AI1 and AI2 as inner primers.
The V1V2 and V3 regions of the PCR products were then sequenced directly by
using V1 (CAGATGCAGGAGGATGTAATCAGT) and CI1 (GGCAGTCTA
GCAGAAGAAAAGATAATAATCAGA), respectively, as sequencing primers.
The sequencing reactions were dideoxy-termination cycle sequencing using a
BigDye Terminator kit (PE/Applied Biosystems) according to the manufactur-
er’s protocol and an ABI Prism 310 automated sequencer. Selected samples were
cloned into pGEM-T Easy (Promega) after PCR amplification, and then 10
clones from each sample were sequenced.

RESULTS

Distribution of HIV-1 DNA in CCR5-positive and -negative
lymphocyte subsets. To verify the accuracy of the quantitative
PCR, we measured the HIV DNA content in 8E5 cells, which
harbor one copy of HIV-1 proviral DNA per cell. When 10,000
cells representing 10,000 copies of HIV DNA were analyzed,
the result of our quantitative PCR measurement was 9,950
copies (Fig. 1).

Lymphocyte subsets were separated from 30 individuals who
presented at various disease stages, as shown by their CD4
count range of 4 to 728 cells/mm3. The percentages of CCR5-
positive cells in our purified cell preparations were 96.2% 6
1.7% (mean 6 The standard deviation) and 12.8% 6 3.1% for
CCR5-positive and CCR5-negative fractions, respectively.
Minimal CD141 monocytes were found in the presorted non-
adherent cells (1.4% 6 1%). To ensure that the contaminated
monocytes did not contain significant amount of HIV DNA
that could interfere with our result, we measured HIV DNA in
15 adherent cell samples and found that 9 of 15 cases were
negative and the other 6 cases had fewer than 25 copies of HIV
DNA in 104 adherent cells. Because there was a possibility that
CCR5 molecules on the cell surface might have been lost
during the cell separation process, we analyzed CCR5 mRNA
expression of the cell preparations by RT-PCR in six sample
sets. A set of representative results is shown in Fig. 2. RNA
from 200,000 cells of a CCR5-negative cell preparation was
negative for CCR5 RNA, while RNA from a CCR5-positive
fraction was positive for CCR5 RNA. When compared to the
standard curve using highly purified CCR5-positive and -neg-
ative cells by fluorescence-activated cell sorting (FACS), the
intensity of the bands correlated with the number of CCR5-
positive cells in the fractions. These data confirmed that we
had correctly separated CCR5-positive and -negative cells.

The HIV DNA load ranged from 85 to 6,734, 24 to 5,089,
and 201 to 3,921 copies/105 CD41 cells in unsorted nonadher-
ent cells, CCR5-negative lymphocytes, and CCR5-positive lym-
phocytes, respectively. The variances of DNA load in unsorted
and CCR5-negative cells were significantly higher than that of
the CCR5-positive cells (F 5 3.81 and 3.12, respectively; P ,
0.01). The total HIV DNA load in unsorted cells and in the
CCR5-negative population, but not the DNA load in the
CCR5-positive population, showed a reverse correlation with
the CD4 count (Fig. 3). The ratio of viral DNA between
CCR5-positive and -negative cells ranged from 0.09 to 46.25

and correlated with the CD4 count (Pearson’s correlation co-
efficient of 0.79, P , 0.01) (Fig. 4). At higher CD4 counts
(.400 cells/mm3), CCR5-positive cells had a mean of 33-fold-
higher HIV-1 DNA level than CCR5-negative cells. The ratio
decreased sharply when the CD4 counts were ,300 cells/mm3.
The ratio was mostly still higher than 1 (3.3 6 2.6) when the
CD4 counts were moderately low (50 to 300 cells/mm3). At
extremely low CD4 counts (,50 cells/mm3), the ratio was
mostly ,1 (0.09 to 1.51), and the CCR5-negative cells had a
mean of 1.7-fold-higher HIV DNA level than the CCR5-pos-
itive cells.

Because HIV DNA in the cells could be either active repli-
cating or silent proviral DNA, the number of total HIV DNA
in cells did not necessarily reflect the level of viral replication.
To test whether there was any difference in the proportion of
active replicating proviral DNA in CCR5-positive and -nega-
tive cells, we analyzed HIV RNA in separated cell fractions
from six blood samples. Although the HIV RNA/HIV DNA
ratio varied among blood samples, we found no difference in
the ratio between CCR5-positive and -negative cells (Table 1).

Sequences that are predictive of chemokine receptor usage.
The decrease in the HIV DNA ratio in CCR51 compared to
CCR52 cells in individuals with a low CD4 count suggested
that there was an expansion of the target cell population to
CCR5-negative cells that express CXCR4 or other chemokine
receptors during disease progression. This expansion of the
target cell population might be driven by the viral phenotypic
switching from the NSI R5 phenotype to the SI R5X4 or X4
phenotype. Earlier data showed that only Ca. 50% of HIV
isolates from AIDS patients had the SI phenotype (17). In
contrast, our data showed that there was a shift in the target
cell population in all of the samples with a low CD4 count. This

FIG. 2. Representative CCR5 RNA analysis by RT-PCR showing
the purity of the cell preparations. The size of the amplification prod-
ucts is 189 bp. Lanes 1 and 2 show amplification from 200,000 cells of
a CCR5-negative cell preparation and 60,000 cells of a CCR5-positive
preparation, respectively. CCR5-positive (98% purity) and -negative
(96% purity) cells highly purified by FACS were mixed to make cell
preparations with various percentages of CCR5-positive cells in lanes
4 to 8. RNA from 100,000 cells was analyzed in each of these control
lanes. The numbers below the lane are intensities of the bands calcu-
lated using Gel-Pro software.
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means that either all of our samples with a low CD4 count had
SI viruses or there were other factors that induced the shift. To
examine whether there was viral phenotypic switching along
with the change in the HIV DNA ratio in the two cell popu-

lations, we studied the V3 loop sequences of the viruses in
these samples. Amino acid sequences at certain positions in
the V3 loop, as well as its net charge, are major determinants
of the SI or NSI phenotype and the chemokine receptor usage

FIG. 3. Scatter plots showing the correlation between CD4 count and total HIV DNA load (in log scale) in presorted non adherent cells (A),
HIV DNA load in a CCR5-negative population (B), and HIV DNA load in a CCR5-positive population (C). Nonadherent cells were separated
into CCR5-positive and -negative populations by immunomagnetic separation, and the HIV DNA content was measured by a gag quantitative
competitive PCR.
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and can predict the viral phenotype in the majority of HIV
isolates (7, 18). V3 fragments were successfully amplified from
28 of 30 samples. The amino acid sequence of V3, the net
charge, the CD4 count, and the HIV DNA ratio of each sam-
ple are shown in Fig. 5. All of the sequences clustered with
subtype E in a phylogenetic analysis (data not shown). The
characteristics that predict the SI phenotype for subtype E
viruses include the GPGR or GPGH motif instead of the
GPGQ motif at the tip of the loop, a positively charged amino
acid at positions 11 and 25, the loss of an N-linked glycosyla-
tion site with substitution by positively charged amino acid, and
a high net positive charge (20). Only one sample (K4) had two
of these characteristics, i.e., GPGR and a positively charged

FIG. 4. Scatter plot showing correlation between CD4 count and the ratio of the HIV DNA in a CCR5-positive to the HIV DNA in a
CCR5-negative population in log scale (A) and in linear scale (B). The HIV DNA content was measured by a gag competitive PCR in the two
subpopulations, which were separated by the immunomagnetic technique.

TABLE 1. HIV-1 DNA and RNA loads and the RNA/DNA ratio
in CCR5-positive and -negative cells

Sample CD4 count
(cells/mm3)

HIV-1 load
(copies/105 CD41 cells)

RNA/DNA
ratio

CCR5 positive CCR5 negative CCR5
positive

CCR5
negativeDNA RNA DNA RNA

1 803 161 3,160 17 402 19.6 23.6
2 541 149 2,285 33 653 15.3 19.8
3 270 100 7,547 658 11,247 75.5 17.1
4 256 188 1,491 75 561 7.9 7.5
5 112 185 1,069 283 689 5.8 2.4
6 9 3,610 53,802 4,490 82,406 14.9 18.4
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amino acid (arginine) at position 11. Another three samples
had the GPGR motif (K10, K12, and K13), and one had
GPGH (K22). Another amino acid position that had been
reported to be predictive of the SI phenotype for subtype E is
position 13 (20). Five more sequences (K2, K15, K21, K25, and
K27) had positively charged amino acids at this position. These
10 samples, which had a GPGR/H tip or a positively charged
amino acid at position 11, 13, or 25 had relatively high net
positively charges of 4 to 6 and had low to moderately low CD4
counts (15 to 273 cells/mm3) and HIV DNA in the CCR51

cell/CCR52 cell ratio (0.27 to 4.32). Loss of the conserved
N-linked glycosylation site was found in six sequences, of which
three had other SI markers. However, these changes were not
caused by substitutions with positively charged amino acid
since that was shown to be a predictor of the SI phenotype. For
the 18 sequences that have the GPGQ tip and did not have
positively charged amino acid at position 11, 13, or 25, all had
a net charge ,5, 4 samples had a high HIV DNA in the
CCR51/CCR52 cell ratio (19.69 to 46.25); another 10 samples
had a ratio of 1 to 6, and 4 samples had ratio of ,1. Therefore,
among 24 samples with a low ratio (,6), only 10 samples had
V3 sequences that are compatible with CXCR4 usage. Al-
though V1V2 is considered to be only a minor determinant, it
is possible that the sample with a low ratio and NSI V3 loop
might have an SI genetic determinant in V1V2. To test this

hypothesis, we studied the V1V2 sequences of 12 samples (3
with high HIV DNA levels in the CCR51/CCR52 cell ratio, 3
with a low ratio and SI V3, and 6 with a low ratio and NSI V3).
As shown in Fig. 6, there was no significant difference in the
characteristics that were reported to be associated with the SI
or NSI phenotype, such as length of the hypervariable locus in
the V2 loops and N-linked glycosylation sites, except for one
sequence (K25) that had longer sequence at the length-vari-
able locus in V2. This sample also had a SI-predictive V3 se-
quence.

Because we have performed direct sequencing without prior
cloning, there was a possibility that we might have overlooked
minor variants in the quasispecies. We therefore sought to de-
termine whether the samples that had a high viral DNA load in
CCR5-negative cells and showed V3 NSI sequences contained
any SI variants. To examine this, we selected the samples with
HIV DNA in a CCR51/CCR52 cell ratio of #1 and V3 NSI
sequences for cloning and sequencing (K18, K19, K20, K23,
and K29). For each sample, 10 clones were sequenced in
the V3 region. Of these five samples, two showed NSI V3
sequences in all 10 clones (K18 and K29), another two showed
three SI sequences (K19 and K20), and one showed seven SI
sequences (K23). Therefore, even after cloning we could not
find SI sequences in some of the samples with a high viral DNA
load in CCR5-negative cells.

FIG. 5. V3 loop amino acid sequence alignment. The N-linked glycosylation site and amino acid positions 11 and 25 are marked by asterisks,
and the tip of the V3 loop is underlined. The net charge, the CD4 count, and the ratio of HIV DNA in a CCR5-positive population to the HIV
DNA in a CCR5-negative population are provided for each sequence. A reference subtype E sequence of TH253 is shown on the top.
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DISCUSSION

The CD4 count is a reliable marker for immune status and
stages of disease progression in HIV-1 infection. Our results
showed that the HIV DNA level in CCR5-positive lympho-
cytes did not correlate with disease progression. This suggested
that the efficiency of CCR5 usage remained unchanged regard-
less of the viral phenotype or disease stages. This was in agree-
ment of earlier data showing that most primary SI viruses are
dual tropic in chemokine receptor usage and can still use
CCR5 efficiently (15). Because the HIV-1 DNA in a CCR5-
negative population increased markedly during disease pro-
gression, it is reasonable to conclude that the progression of
infection might be driven mainly by the expansion of cell
tropism and increased availability of target cells rather than
by weakening of immune defense that allows more efficient
spreading in the same target cell population. Our data showed
that the major expansion in the target cell population occurred
at a CD4 count of ca. 300 cells/mm3. This point might mark an
important step in disease progression and the crashing of the
immune system.

The HIV DNA pool in PBMC is known to contain signifi-
cant portion of replication-incompetent, archival DNA. How-
ever, we showed that the HIV RNA/HIV DNA ratios in
CCR5-positive and -negative cells were not different. This sug-
gested that a similar proportion of viral DNA in the two cell
populations was actively replicating. The observed shift of HIV
DNA level in these cell populations was, therefore, likely to
reflect the shift of The target cells for new infection and not the
result of the differential accumulation of archival DNA be-
tween the two cell populations. The RNA data also argued
against the possibility that HIV-induced cell killing might be
different between CCR5-positive and -negative cells leading to
the difference in HIV DNA level.

The decrease of the ratio between HIV-1 DNA in CCR5-
positive and -negative lymphocytes might be due to both viral
and host factors. A change in the viral chemokine receptor
usage could result in the expansion of the target cell popula-
tion to CCR5-negative cells. On the other hand, abnormal

cellular activation might enhance the susceptibility of CCR5-
negative cells in advanced HIV disease.

The presence of HIV DNA with NSI sequences in CCR5-
negative cells was intriguing. This might suggest that our cur-
rent phenotype prediction by V1V2 and V3 sequences is not
accurate. Alternatively, the lymphocytes that appeared to be
CCR5 negative by immunostaining might, in fact, express low
level of CCR5. Moreover, the infection of the apparently
CCR5-negatives cells might be due to the ability of some HIV
strains to utilize low concentrations of CCR5 efficiently, as has
been shown for an in vitro-selected variant of JRCSF (6).
Another possibility is that the infected CCR5-negative cells
might be CCR5 positive before infection but become CCR5-
negative because of CCR5 downmodulation by HIV infection,
as has been previously shown (4). This, however, did not ex-
plain the relative increase in HIV DNA in the CCR5-negative
cells with the decline of CD4 count, unless the CCR5 down-
modulation ability was strain dependent and increased with the
disease progression.

Because only some of the viruses in late HIV disease are SI,
whereas all of the subjects in our study showed low HIV DNA
levels in CCR1/CCR52 cell ratios, this ratio may be useful as
a prognostic marker for disease progression. The validity of
this marker requires further studies in long-term cohorts.
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