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Human immunodeficiency virus type 1 (HIV-1) virions bind to B cells in the peripheral blood and lymph
nodes through interactions between CD21 on B cells and complement-complexed virions. B-cell-bound virions
have been shown to be highly infectious, suggesting a unique mode of HIV-1 dissemination by B cells
circulating between peripheral blood and lymphoid tissues. In order to investigate the relationship between
B-cell-bound HIV-1 and viruses found in CD4� T cells and in plasma, we examined the genetic relationships
of HIV-1 found in the blood and lymph nodes of chronically infected patients with heteroduplex mobility and
tracking assays and DNA sequence analysis. In samples from 13 of 15 patients examined, HIV-1 variants in
peripheral blood-derived B cells were closely related to virus in CD4� T cells and more divergent from virus
in plasma. In samples from five chronically viremic patients for whom analyses were extended to include lymph
node-derived HIV-1 isolates, B-cell-associated HIV-1 and CD4�-T-cell-associated HIV-1 in the lymph nodes
were equivalent in their divergence from virus in peripheral blood-derived B cells and generally more distantly
related to virus in peripheral blood-derived CD4� T cells. These results indicates virologic cross talk between
B cells and CD4� T cells within the microenvironment of lymphoid tissues and, to a lesser extent, between cells
in lymph nodes and the peripheral blood. These findings also indicate that most of the virus in plasma
originates from cells other than CD4� T cells in the peripheral blood and lymph nodes.

The selection and expansion of antigen-specific B cells in
follicles of lymphoid tissues constitute hallmarks of the hu-
moral immune response. Resident follicular dendritic cells
(FDC), through their capacity to trap and present antigens,
play a critical role in creating an intricate network for antigen-
mediated interactions with B and T cells (16, 28). During
human immunodeficiency virus (HIV) type 1 (HIV-1) infec-
tion, a large number of virions can be detected in the follicular
areas of lymphoid tissues in the form of diffuse in situ hybrid-
ization signals that most likely represent virus-containing im-
mune complexes (IC) trapped on FDC (1, 10). Furthermore,
the FDC networks in germinal centers have been shown to
account for the bulk of the HIV-1 RNA signal during ongoing
viral replication (22) and are thought to represent an impor-
tant source of residual “trapped” virus after plasma viremia is
suppressed following the initiation of antiretroviral therapy
(12).

It was recently demonstrated that lymphoid tissue-derived B
cells and peripheral blood-derived B cells of HIV-1-infected
viremic patients carry replication-competent virus on their sur-
face (18). Similar to what has been proposed for FDC trapping

of HIV-1 virions (14, 15), the mechanism of interaction be-
tween B cells and virus was found to involve the binding of
HIV-containing IC to CD21 on the surface of the cells (18). It
was also found that virus bound to B cells could efficiently
infect activated CD4� T cells through cell-cell contact (18).
Recent in vitro studies have also demonstrated that HIV-1 in
the form of IC bound to B cells is more stable and more
efficiently passed to CD4� T cells than its free-virion counter-
part (13). Furthermore, considering that most interactions be-
tween lymphoid tissue-derived B cells and CD4� T cells have
been shown to occur at the border between follicular and
T-cell-rich areas (9), B cells may constitute an important
bridge between virus trapped on FDC and virus replicating in
CD4� T cells.

In the present study, we considered the relationship between
HIV-1 bound to the surface of B cells and HIV-1 that consti-
tutes plasma viremia by investigating the genotypic relation-
ship between HIV-1 variants bound to the surface of B cells
and virus replicating in CD4� T cells and HIV-1 virions
present in plasma. To this end, heteroduplex mobility assays
(HMA) and heteroduplex tracking assays (HTA) were per-
formed with cell- and plasma-associated HIV-1 derived from
peripheral blood and cell-associated HIV-1 derived from
lymph node biopsy samples. HMA is a rapid and sensitive
approach for identifying genetic diversity, as HTA is for estab-
lishing genetic relationships among HIV-1 variants between
and within individuals over time (6), as a function of the state
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of disease progression (5, 19) and immune stimulation (21),
and upon interruption of effective antiretroviral therapy (2).
Differences in virus fitness (25), cytopathogenicity (20), and
viral populations isolated from various compartments (23, 31)
have also been measured by using HTA. Here we used het-
eroduplex and sequencing analyses to demonstrate a close
association between B-cell- and CD4�-T-cell-derived HIV-1
and to show that virus in CD4� T cells in the blood or in lymph
nodes is not the likely source of much of the virus in plasma.

MATERIALS AND METHODS

Study patients. Fifteen patients chronically infected with HIV-1 were studied
in accordance with protocols approved by the National Institute of Allergy and
Infectious Diseases Institutional Review Board. Of the 15 patients, 11 were
chronically viremic due to antiretroviral drug resistance or nonadherence or were
treatment naive (Table 1). The other four were recently viremic due to cessation
of highly active antiretroviral therapy (HAART). Leukapheresis was performed
on all patients studied, and excisional inguinal lymph node biopsies were per-
formed on a subset of patients.

Cell preparation and measurement of cell-associated HIV-1 RNA. Highly
enriched B cells were isolated from peripheral blood mononuclear cells (PBMC)
and lymph node single-cell suspensions (LNMC) with a column-based negative-
selection technique (StemCell Technologies, Vancouver, British Columbia, Can-
ada) as described previously (18); B-cell marker CD20 or CD19 was expressed on
greater than 95% and CD3 was expressed on less than 1% of the cells recovered.
CD4� T cells were enriched in parallel by immunomagnetic depletion of CD14�,
CD8�, and CD19� cells; CD19�-cell contamination represented less than 1% of
the final cell preparation. To simplify data presentation, PBMC- and LNMC-
derived B-cell compartments are referred to as PB-B and LN-B, respectively,
whereas PBMC- and LNMC-derived CD4� T-cell compartments are referred to
as PB-T and LN-T, respectively.

Levels of cell-associated HIV-1 RNA were measured either by the nucleic acid
sequence-based amplification technique (30) or by real-time reverse transcrip-
tion (RT)-PCR. For RT-PCR, total cellular RNA was isolated from 1 � 106 to
5 � 106 cells with TRIzol reagent according to manufacturer specifications
(Invitrogen, Carlsbad, Calif.). Synthesis of cDNA and real-time PCR were per-
formed by using an iCycler (Bio-Rad, Hercules, Calif.) with a TaqMan EZ
RT-PCR kit (Applied Biosystems, Foster City, Calif.) according to manufacturer
specifications. PCR conditions consisted of denaturation at 95°C for 3 min
followed by 45 cycles of 15 s at 95°C and 1 min at 60°C. The following primers
and probe were used: 5�-TCTCTAGCAGTGGCGCCCGAACA-3� (5� primer),
5�-TCTCCTTCTAGCCTCCGCTAGTC-3� (3� primer), and 5�-6FAM-CAAGC
CGAGTCCTGCGTCGAGAG-TAMRA-3� (probe).

Culture conditions. Replication-competent HIV-1 was amplified from patient
cells by cocultivation with anti-CD3-activated PBMC from HIV-1-negative do-
nors as described previously (18). Briefly, replicates of 0.2 � 106 to 1.0 � 106

patient-derived B-cell- or CD4�-T-cell-enriched populations were added to an
equal number of 3-day-old CD3-stimulated, CD8-depleted PBMC from an HIV-
negative donor. Coculture supernatants were tested periodically for the presence
of virus by p24 antigen measurement with a commercial enzyme-linked immu-
nosorbent assay (Beckman Coulter, Fullerton, Calif.). Controls for possible mi-
nor contamination of B-cell-associated HIV-1 in CD4�-T-cell-derived cocultures
and vice versa included restricting analyses to samples in which substantial
amounts of HIV-1 were recovered from short-term cultures (Table 1) and using
the distinguishing feature that B-cell-associated HIV-1 is pronase sensitive
whereas CD4�-T-cell-associated HIV-1 is not (18). Parallel cultures of pronase-
treated and untreated cells resulted in no recovery of HIV-1 in pronase-treated
B-cell cocultures and similar levels of HIV-1 in both pronase-treated and un-
treated CD4�-T-cell cocultures, indicating that there was no cross-contamina-
tion.

HMA and HTA. HIV-1 env-specific RT-PCR-based HMA and HTA were
performed as described previously (4, 7, 21) with replication-competent virus
recovered from the supernatants of 2- to 9-day-old cocultures and from HIV-1
RNA isolated from 0.1 ml of plasma. Briefly, cDNA prepared from plasma or
culture supernatants was subjected to nested PCR with primers ED5 and ED12
in the first round and DR7 and DR8 in the second round, generating a final
amplification product of �650 bp spanning env regions C2 to V5. Parallel
reactions were performed in the absence of reverse transcriptase to control for
DNA contamination; RNA extracted from ACH-2 cells served as a negative
control. 32P-labeled single-stranded probes were prepared from DR7-DR8 PCR

products amplified from HIV-1 replicated in PBMC-derived B-cell cocultures.
For all samples investigated, including plasma- and cell-derived sources of
HIV-1, HMA and HTA patterns were confirmed by repeating the assays with
separate aliquots of cDNA and, for a subset of patients, by repeating the assays
with a separate vial of the same stock of cryopreserved PBMC. Controls for
cross-contamination of samples being prepared for HTA included performing
interpatient sample preparation alongside intrapatient sample preparation and
comparing these HTA results to those obtained when patient samples were
prepared independently.

Quantitative assessment of the relationship between the probe (PB-B-associ-
ated viral RNA) and target sequences by analysis of HTA banding patterns.
Densitomentric scans of autoradiographic gel images were performed on a
Macintosh computer by using the public domain NIH Image program (devel-
oped at the National Institutes of Health and available on the Internet at
http://rsb.info.nih.gov/nih-image/). Background was subtracted from each lane,
the total amount of signal in each lane of each gel was normalized to that in the
probe–versus–PB-B lane, and gel length was normalized to adjust for slight
differences in the mobility of the fastest band. The intensity of the signal at each
pixel was subtracted from that in the PB-B lane, and the absolute differences
were summed over the entire lane. One-half the amount of the absolute differ-
ence in intensity relative to the total normalized signal in the lane was reported.

Sequencing and phylogenetic analyses. PCR amplification products were
cloned into the plasmid vector PCR4TOPO (Invitrogen) and sequenced by
Big-dye chain terminator chemistry (Applied Biosystems). Pools of 3 to 10
independent RNA preparations were used to make cDNA, and two to four series
of nested PCR and cloning reactions were performed with the cDNA prepara-
tions. Sequencing reactions were performed with a minimum of 10 clones per
sample that carried inserts of approximately 650 bp, as verified by agarose gel
migration after excision of cloned fragments by restriction digestion. Sequences
were manually edited by using SEQUENCHER (Gene Codes Corp., Ann Arbor,
Mich). Nucleotide alignments were generated by using CLUSTAL W (29) and
then edited and gap stripped by using MacClade (17). The best model of evo-
lution for this data set was determined to be the HKY�� model by using the
hierarchical likelihood ratio test as implemented in MODELTEST (24). This
model was used in the construction of a neighbor-joining phylogenetic tree (26),
which was then improved by branch swapping with the SPR algorithm in PAUP�

(27) to obtain a maximum-likelihood (ML) tree (see Fig. 4). ML distances were
then calculated for all possible pairs of sequences within the data set to obtain
measures of nucleotide diversity (see Fig. 3).

Nucleotide sequence accession numbers. The nucleotide sequences generated
in this study have been deposited in GenBank under accession numbers
AY077490 to AY077578.

RESULTS

Selection of patients and characterization of patient mate-
rial. In a previous study (18), replication-competent HIV-1
virions were shown to be present on PB-B of all patients whose
plasma viral load was above 10,000 HIV-1 RNA copies per ml.
Accordingly, patients in the present study were selected on the
basis of plasma viral loads that would ensure representative
HIV-1 samplings in plasma as well as cellular compartments
(Table 1). HIV-1 env HMA were carried out to establish the
level of diversity within each plasma sample. PCRs were ini-
tially carried out with cDNA representing 0.1 ml of plasma,
indicating an initial range of 1,123 to 41,739 copies of HIV-1
RNA per reaction (Table 1). The low level of diversity de-
tected by HMA in the plasma of patients 1, 7, 10, 14, and 15
suggested the presence of viral populations with a low level of
genetic diversity in env or sampling of only one or a few viral
templates in the PCR (Table 1). However, the large input of
HIV-1 templates used for PCRs suggested that these popula-
tions did indeed have a low level of genetic diversity. None-
theless, and to ensure the examination of large samplings of
virus from these five patients, multiple reactions representing a
total of 1.0 ml of plasma were performed and pooled for HTA.
Again, the results revealed little heterogeneity detected by
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HMA and hence a low level of population diversity (data not
shown).

Adequate sampling of the cellular compartments was shown
by the large number of copies of input HIV-1 RNA present in
each coculture well and the number of wells seeded and pooled
for each sample (Table 1). Phenotypic relationships relative to
coreceptor usage were established by exposing coculture su-
pernatants to U87-CD4 cell lines expressing the chemokine
receptor CCR5 or CXCR4. As illustrated in Table 1, pairs of
HIV-1 isolates recovered from PB-B and PB-T fractions dem-
onstrated identical profiles of coreceptor usage. Finally, while
the values shown in Table 1 were measured with peripheral
blood-derived cells, present (data not shown) and previous
(18) observations indicated that lymph node-derived virus cul-
tures contained approximately five times more HIV-1 RNA,
indicating that representative sampling in this compartment
was also achieved.

Genetic relationships between PB-B- and PB-T-associated
HIV-1 variants in chronically infected patients. Genetic rela-
tionships between PB-B- and PB-T-associated replication-
competent HIV-1 and plasma HIV-1 virions were investigated
by performing HIV-1 env HTA with RNA isolated from co-
culture supernatants and plasma from the 11 chronically vire-
mic patients described in Table 1. Fragments amplified from
PB-B-associated virus were used as probes for comparison with
HIV-1 RNAs isolated from PB-T and plasma. HTA performed
with peripheral blood samples obtained from the 11 patients
revealed that for all but 3 patients (patients 6, 9, and 11), PB-B
and PB-T samples showed very similar HTA patterns (Fig. 1A
and B). When quantitative differences between autoradio-
graphic signals in the PB-B lane and other lanes were deter-
mined (Fig. 2A), these three patients showed the greatest
distinctions between PB-B and PB-T specimens. In contrast, all
but three patients (patients 2, 3, and 4) had plasma HTA
patterns that were clearly distinct from the cell-derived pat-
terns, despite certain bands being shared between cell-derived
and plasma compartments. Only patients 6, 9, and 11 had PB-T
and plasma samples that were both readily distinguishable
from the PB-B probe. Taken together, these results suggest
that in the peripheral blood of a majority of patients, the
HIV-1 variants associated with B cells are more closely related
to those in CD4� T cells than to cell-free virus in plasma.

It has been shown that viral rebound occurs within weeks of
the cessation of highly active antiretroviral therapy (HAART)
in a majority of HIV-1-infected patients, even in patients who
have suppressed their plasma viremia for prolonged periods
(3). B cells isolated from patients 4 to 5 weeks after the ces-
sation of HAART have been shown to carry replication-com-
petent HIV-1 on their surface (18). In the present study, the
genetic relationships between PB-B- and PB-T-associated rep-
lication-competent HIV-1 as well as plasma-derived HIV-1
were evaluated by HTA for four patients who had recently
discontinued HAART (Table 1). In three of the four patients
(patients 12, 13, and 14), PB-B-associated HIV-1 variants were
found to be similar to PB-T-associated variants, and in patient
12, the similarity extended to the plasma-derived virus HTA
pattern (Fig. 1C). The PB-B-associated variants in patient 15
were divergent from the PB-T-associated variants yet the cell-
derived variants were less divergent in relation to one another
than to the plasma-derived variants (Fig. 2A). PB-B- and PB-

T-associated HIV-1 variants appeared to be nearly absent from
the plasma of patient 13, whereas in patient 14, they appeared
to represent a subset of what was present in the plasma. Con-
sistent with the results obtained for the chronically viremic
patients, these data demonstrate a close association between
virus bound to B cells and virus replicating in CD4� T cells.

The higher degree of HIV-1 divergence observed between
plasma and cell-derived samples might be explained by the fact
that plasma contained both replication-competent variants and
a greater excess of replication-defective variants than virus
recovered from B and CD4� T cells that were selected by their
capacity to replicate in cocultures. We therefore performed
HTA to compare HIV-1 RNA isolated from uncultured cells
of patients 1 and 7 with HIV-1 RNA derived from their cor-
responding coculture supernatants (Fig. 1D). HTA patterns
revealed that cell-associated HIV-1 RNA had marginally
greater diversity than RNA from cultured virus, as evidenced
by the slight increase in the number of minor slowly migrating
bands in the lanes representing uncultured HIV-1 (Fig. 1D) as
well as by quantitative image analysis (Fig. 2B). However, virus
in plasma showed the highest degree of divergence relative to
either replication-competent HIV-1 recovered from the PB-B
and PB-T compartments or their respective uncultured HIV-1
counterparts. Taken together, these data suggest that cell-as-
sociated virus present on B cells and replicating in CD4� T
cells is largely distinct from free virus in plasma.

Close genetic relationships exist between HIV-1 variants
found on B cells and in CD4� T cells of lymphoid tissues. In
order to explore the possible origins of cell-associated and
cell-free virus in the blood, we extended our genetic analysis to
include HIV-1 variants present in inguinal lymph nodes by
examining samples from biopsies performed on 5 of the 11
chronically viremic patients described in Table 1 (patients 7, 8,
9, 10, and 11). HTA were performed to compare replication-
competent HIV-1 recovered from LN-B and LN-T sources and
to compare HIV-1 variants found in the peripheral blood and
lymph node compartments (Fig. 1B). Overall, the HTA pat-
terns revealed that HIV-1 variants from LN-B had a high
degree of similarity to viruses from the other cells and were
divergent from the corresponding plasma-derived variants.
However, some minor variants derived from LN-T were found
in the plasma of patients 7 and 8. Furthermore, LN-B-derived
virus patterns in patients 7, 8, and 10 shared similarities with
PB-B- and PB-T-derived virus patterns that were distinct from
LN-T-derived virus patterns. Greater differences between the
sequences of viruses from PB-T in patient 9 and especially
patient 11 and between the sequences of viruses from LN-T in
patient 10 and the sequences of viruses from the other three
cellular compartments were noted. Taken together, these data
suggest that a close relationship exists between HIV-1 isolates
derived from LN-B and LN-T, and there were some indica-
tions that virus on B cells in the lymph node compartment is
more closely related to virus obtained from peripheral blood B
and CD4� T cells than to virus in their CD4�-T-cell counter-
parts in the lymph node compartment.

Sequence analysis confirms virologic cross talk between B
and CD4� T cells in lymphoid tissues. Viral env gene sequenc-
ing was performed with plasma, PB-B, PB-T, LN-B, and LN-T
samples from the two patients who had the most contrasting
HTA patterns, namely, patients 9 and 11. For both patients, 7
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to 11 clones were analyzed for each cell compartment and
plasma sample. Consistent with the HMA and HTA results,
the sequence diversity was greater within patient 11 than
within patient 9, and plasma was the most diverse compart-

ment in both patients (Fig. 3). It should be noted that while the
overall diversities of sequences in the PB-B and plasma sam-
ples were similar for patient 9, the distribution of data points
for the PB-B sample clustered into two distinct yet relatively

FIG. 1. HTA of HIV-1 env sequences. Sequences (650 bp) encompassing the C2-V5 region of env were amplified from HIV-1 RNA taken from
plasma and from viral supernatants derived from cocultures of PB-T and PB-B (A and C) as well as LN-T and LN-B (B). Samples were isolated
from chronically viremic patients (A and B) and from recently viremic patients following discontinuation of HAART (C). HTA were extended to
include HIV-1 RNA isolated directly ex vivo from PB-T and PB-B (cell associated; cPB-T and cPB-B) from patients 1 and 7 (D). PB-B-associated
HIV-1 RT-PCR products were used as probes (asterisks denote probe lanes), and HIV-1 env amplified from ACH-2 cells was included as a control.
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homogeneous populations of virus. Conversely, the least het-
erogeneity was found in the LN-B and LN-T samples from
both patients (Fig. 3).

Relationships between viruses associated with different com-
partments were evaluated by phylogenetic analysis (Fig. 4). A
close relationship was found between LN-B- and LN-T-derived
viruses in both patients, and in neither patient was there evi-
dence in plasma of virus like that in the lymph nodes. Each
patient had a cluster of closely related viruses derived from
cultures of lymph node and peripheral blood cells (Fig. 4,
bottom part of each tree). A more diverse population of vi-
ruses found in plasma clustered with another subset of PB-B-
derived viruses in both patients. This cluster also included
PB-T-derived virus in patient 9.

DISCUSSION

The present study demonstrates that there is a close rela-
tionship between virus circulating on B cells and virus repli-
cating in CD4� T cells of HIV-1-infected patients and estab-
lishes the presence of virologic cross talk between cell-
associated viruses in peripheral blood and lymph nodes. We
simultaneously examined three to seven virus populations from
HIV-1-infected patients, including virus cultivated in vitro
from separated CD4� T and B cells from the peripheral blood
and lymph nodes, viral RNA from plasma, and cell-associated
viral RNA from peripheral blood B and CD4� T cells. We
established that the replication-competent HIV-1 virions
bound to B cells in the peripheral blood and lymph nodes of
chronically infected patients are closely related to virus vari-
ants found in CD4� T cells in the same lymphoid compart-
ments. This finding suggests the presence of virologic cross talk
between B and CD4� T cells in the microenvironment of
lymphoid tissues, with the bulk of the virus on B cells loaded
locally. This finding is consistent with recent findings showing

FIG. 2. Quantitative image analysis of the HTA patterns shown in Fig. 1. As detailed in Materials and Methods, plots show the differences in
band intensity distribution along each lane for a comparison of the PB-B lane to all other lanes. (A) Analysis of the HTA patterns in Fig. 1A to
C. (B) Analysis of the HTA patterns in Fig. 1D.

FIG. 3. Diversity of HIV-1 env sequences in patients 9 and 11.
Sequences (650 bp) encompassing the C2-V5 region of env were am-
plified from HIV-1 RNA taken from plasma and from viral superna-
tants derived from cocultures of PB-T (PBT), PB-B (PBB), LN-T
(LNT), and LN-B (LNB). Measurements were made with 7 to 11
clones per sample (see the key on Fig. 4 for the exact number of clones
analyzed for each sample); the total number of points per sample
represented all pairwise comparisons of sequences. ML measurements
of sequence diversity (see Materials and Methods) were determined
for all sequence pairs within each virus population data set and plotted
(filled squares). Means (filled circles) and standard errors of the means
(error bars) are also shown offset to the left of each data plot. The
mean of the combined data set is indicated by the horizontal gray line.
Note that the means of the virus populations in PB-B and plasma in
patient 9 are similar; however, the spread of data points for the PB-B
population is distinctly bimodal, indicating that it is composed of two
distinct populations of virus, each of which is relatively homogeneous
(see the phylogenetic tree in Fig. 4).

8860 MALASPINA ET AL. J. VIROL.



a close genetic relationship between HIV-1 trapped on FDC
and virus isolated from CD4� T cells in splenic white pulp
(M.-J. Dumaurier, R. Cheynier, and S. Wain-Hobson, Abstr.
7th Conf. Retroviruses Opportunistic Infect., abstr. 444, 2000).

The origin of virus present in plasma, however, is more
complex. For all patients studied, the diversity of virus popu-
lations within the plasma of a given patient was at least as great
as the diversity within the cells of the same patient. In 12 of 15

FIG. 4. Phylogenetic analysis of HIV-1 in patients 9 and 11. ML phylogenetic trees (see Materials and Methods) depict the evolutionary
relationships among viral sequences found in LN-B, LN-T, PB-T, PB-B, and plasma from each patient. The numbers of sequences analyzed for
each sample are indicated in parentheses; those for patient 11 are shown in italic type. OG, outgroup sequences (GenBank accession numbers
AF370890 and AF371037). The bar indicates substitutions per site calculated by the ML method (see Materials and Methods); hence, the
calculated distances do not necessarily represent discrete integers of base substitutions.

FIG. 5. Schematic representation of the relationships between viruses in cellular compartments and plasma from patients 9 and 11. Virus
populations from each of the four cellular compartments and plasma (V) are represented schematically. Levels of relatedness between pairs of
compartments, as indicated by bidirectional arrows, were determined statistically by establishing the likelihood that the two populations being
compared were the same. When P values were significant (indicating that the populations being compared were significantly different) for either
both patients or one of the two patients, the arrows are broken and the P values are shown (values for patient 11 are shown in italic type). The
thickness of the lines represents the degree of virus trafficking suggested by the phylogenetic and statistical analyses shown. Since little of the
cell-associated virus is closely related to virus in plasma, much of the virus in plasma is derived from other tissues (thickest line).
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patients, plasma-derived virus was substantially more diverse
than cell-derived virus populations. Furthermore, the bulk of
virus in plasma was genetically distinct from that in any of the
B-cell or CD4�-T-cell populations evaluated. Sequence anal-
ysis of viruses from two patients did show that some of the
PB-B-associated virus clustered with virus found in plasma,
suggesting that virus in plasma can also adhere to B cells or
that this subset of B cells originated from the same compart-
ment as that from which the plasma-derived virus originated.
However, only in patient 9 did PB-T-derived virus cluster with
plasma-derived virus, and in neither patient did LN-T-derived
virus cluster with that found in plasma. Although there was no
bootstrap support for the clusters seen in the trees, clustering
was significantly nonrandom (Fig. 5). Hence, the bulk of virus
in plasma is derived from a cellular source outside the periph-
eral blood and lymph nodes, such as tissue macrophages (13,
22, 25; G. S. Laco, D. C. Nickle, S. J. Brodie, A. J. Melvin,
K. M. Mohan, A. G. Rodrigo, L. M. Frenkel, and J. I. Mullins,
submitted for publication).

In three patients (patients 7, 8, and 10), HTA showed a
pattern of minor variants in common among PB-B, PB-T, and
LN-B (with a greater divergence in LN-T; Fig. 1B), indicating
some cross talk involving B-cell compartments of the lymph
nodes and peripheral blood. The overall relationships that we
have noted are summarized schematically in Fig. 5.

One issue that remains unresolved is whether virions depos-
ited on FDC and B cells are part of a cycle that feeds from
plasma viremia in the peripheral circulation or from local
CD4� T cells that are productively replicating HIV-1, although
there are indications that FDC-bound virions are of local ori-
gin (Dumaurier et al., Abstr. 7th Conf. Retroviruses Opportu-
nistic Infect.). Nonetheless, ex vivo studies clearly show that
FDC and B cells can potentially contribute to ongoing viral
replication by serving as extracellular reservoirs of HIV-1 (11,
18). HIV-1 propagation through the cell-cell route has been
shown to be much more effective than that through virus-cell
contact (8), and the IC-based interactions that are thought to
mediate the binding of HIV-1 to FDC and B cells (15) have
been shown to increase the infectious capacity of HIV-1 in
vitro compared to that of non-cell-associated virions (13). In
light of these findings and the basic features that distinguish B
cells from FDC, FDC may be considered a long-lived station-
ary repository of HIV-1 virions, whereas B cells may represent
a more labile yet more mobile repository of HIV-1.
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