gp120- and TNF-o-induced modulation of
human B cell function: Proliferation,
cyclic AMP generation, lg production,
and B-cell receptor expression
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Background: It is well known that HIV-1 infection induces
profound alterations in the immune system, including hyperac-
tivation of B cells. TNF-o induces HIV-1 replication and
immunodysregulation, including polyclonal B-cell activation.
Objective: We sought to determine the effects of surface-bind-
ing HIV-1 envelope glycoprotein (gp120) and TNF-o. on human
B-cell function.

Methods: HIV-1 seronegative peripheral blood human B cells
were purified and activated by CD40 mAb and IL-4. In vitro
studies of B-cell proliferation, cyclic AMP (cAMP) generation,
receptor expression, and Ig production were performed.
Results: gp120, an Ig superantigen, stimulated HIV-1 seroneg-
ative and HIV-1 seropositive human B-cell cAMP generation,
proliferation, and Ig production. These gp120-induced B-cell
responses were demonstrated to be specific as evidenced by the
abrogation of the stimulatory response in the presence of anti-
gp120 mADb, blocking of CD4 resulting in no change on gp120-
induced B-cell responses, and the binding of gp120 in these B
cells. TNF-¢ also stimulated cAMP generation, proliferation,
and Ig production in B cells, and the binding of gp120 to these
B cells stimulated by TNF-o further enhanced cell prolifera-
tion, cAMP generation, and Ig production. Antigenic expres-
sion of the B-cell receptor CD79b was down-regulated by
gp120 but was not altered by the addition of TNF-c.
Conclusion: gp120 modulation of TNF-c~induced B-cell recep-
tor- and cAMP-mediated signal transduction events may be
involved in the B-cell abnormalities observed in HIV-1 infec-
tion, (J Allergy Clin Immunol 2000;105:975-82.)

Key words: gp120, TNF-q, B cells, cyclic AMP, B-cell receptor,
CD79b, HIV-1 long terminal repeat

Abnormalities of the humoral response occurs on HIV-
1 infection, including polyclonal hypergammaglobuline-
mia, B-cell hyperplasia, circulating immune complexes,
spontaneous Ig secretion, and proliferation along with
elevated autoantibodies.!-3
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Abbreviations used

BCR:  B-cell receptor
cAMP:  Cyclic AMP

CRE:  Cyclic AMP responsive element

HIV-1LTR: HIV-1 long terminal repeat
NE-xB:  Nuclear factor-xB
PE:  Phycoerythrin
SPA:  Staphylococcal protein A

Viral glycoproteins that are expressed on the virion enve-
lope and membranes of the viral-infected cells are potent
inducers of humoral and cellular immune responses and
thus are prime candidates for the B-cell responses observed
in HIV-1-infected individuals. Berberian et al* presented
evidence of binding by gp120 to the Vi3 subpopulation of
normal B cells by membrane Ig. gp120 has now been iden-
tified as a member of the new family of Ig superantigens.

TNF-q, secreted by B lymphocytes in HIV-1 infec-
tion, is a known progression factor for B cells that con-
tributes to the support of B-cell proliferation and differ-
entiation in an autocrine manner.5-10 One of the earliest
events after B-cell stimulation is the transcription of the
TNF-o. gene.}! TNF-o. is involved in the immunodysreg-
ulation related to HIV-1 infection, including polyclonal
B-cell activation.!? TNF-o regulates HIV-1 replica-
tion!3:14 and binding of nuclear factor-kB (NF-xB) to
HIV-1 long terminal repeat (HIV-1 LTR).!5 In
macrophages TNF-a is required for the gp120-induced
down-regulation of CD4 expression.!6 In B cells gp120
has been demonstrated to augment TNF-o secretion.17

The antigen-dependent activation of B cells is mediat-
ed by surface Ig and the associated molecules of the B-
cell receptor (BCR). CD79b, the invariant component of
the antigen receptor in B lymphocytes, is involved in
antibody responses and B-cell differentiation.!8 The
BCR, which normally activates downstream signal trans-
duction responsible for linkage to nuclear activation, is
decreased in HIV-1-seropositive B lymphocytes.19:20

TNF-o and cyclic AMP (cAMP) regulate cellular
events in HIV-1 infection by HIV-1 LTR induction.2!
cAMP activates protein kinase A induction of HIV-1
LTR22 with resultant increased levels of cAMP.23 Aan-
dahl et al* show that T cells from HIV-1-seropositive
individuals exhibit significantly higher levels of cAMP
than do T cells of HIV-1-seronegative individuals. In
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monocytes TNF-¢ in the presence of a cAMP activator
act synergistically to enhance HIV-1 replication at the
transcriptional level?S and to augment the induction of
the TNF receptor.26

In this study we examined the effects of TNF-o. on
HIV-1-seronegative activated human B-lymphocyte sig-
nal transduction, proliferation, and Ig production. In
addition, we examined the ability of gp120 to modulate
these TNF-o—induced B-cell events and the specificity of
these interactions.

MATERIAL AND METHODS
Reagents

The following reagents (and their sources) were used: recombi-
nant gpl20 (HIV-1, IIB, produced in the Baculovirus Expression
System, Intracel, Cambridge, Mass), gp120 mAb and gpl120-FITC
mAb (Intracel, Cambridge, Mass), recombinant human TNF-q,
recombinant human IL-4 (Genzyme, Cambridge, Mass), CD4 mAb
(Becton-Dickinson, Mountain View, Calif) and CD40 mAb
(Immunotech, Westbrook, Me), Staphylococcus aureus Cowan I pro-
tein (Sigma, St Louis, Mo), and recombinant staphylococcal protein
A (SPA) (Calbiochem, La Jolla, Calif).

B-cell purification

B lymphocytes were positively selected from platelet-depleted
HIV-1-seronegative buffy coats according to the technique of Fun-
derud et al.27 Briefly, CD19-coated magnetic beads (Dynabeads
450, Dynal, Oslo, Norway) were added to the blood in a target-to-
bead ratio of 1:5. The mixture was incubated at 4°C. The bead-cell
complexes were collected and washed in media. The cells were then
separated from the magnetic beads according to the protocol of Ras-
mussen et al.?8 Analysis by flow cytometry (Epics, Coulter,
Hialeah, Fla) revealed that our population of B cells was comprised
of >97% CD20-positive B cells with approximately 2% T cells and
<1% monocytes as determined by staining with CD2 and CD14
(Becton-Dickinson).?? The monocyte depletion of this population
was also confirmed by peroxidase staining.

Human studies issues

Informed consent for HIV-1-negative donor blood was obtained
and donor selection was made according to the Guidelines of the
Gulf Coast Regional Blood Bank, Houston, Tex. Blood from HIV-
1-positive individuals was obtained in a manner approved by the
Institutional Review board at Baylor College of Medicine.

Culture conditions

B cells were cultured for an initial incubation of 48 hours in the
presence of a combination of CD40 mAb (10 ng/ml) and IL-4 (50
U/mL) in RPMI 1640 medium supplemented with penicillin, strep-
tomycin, glutamine, and heat-inactivated FCS (GIBCO, Grand
Island, NY) at 37°C in a humidified atmosphere of 5% carbon diox-
ide. These conditions are acknowledged to be an equivalent of T-cell
activation of B cells. The cells were then washed in RPMI 1640
medium, resuspended in fresh medium, and aliquoted.

Measurement of B-lymphocyte proliferation

B cells (1 x 105) were cultured in 96-well plates with 200 puL of
RPMI 1640 medium supplemented with FCS in the presence or
absence of various stimulators for 2 days at 37°C in 5% carbon
dioxide. The cells were pulsed with 1 pCi per well of tritiated
thymidine (New England Nuclear, Wilmington, Del) during the last
18 hours of culture and were harvested. Radioactivity was deter-
mined on a Packard beta counter.
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Measurement of Ig synthesis

B cells (5 x 105) were cultured in RPMI 1640 medium with FCS
with the designated test agents or controls for 7 days at 37°C in 5%
carbon dioxide. The supernatants were harvested and frozen at -20°C
until assayed. Supernatant Ig levels were measured by ELISA.?

cAMP determination

Cells were diluted to a final concentration of 4 x 109 cells per
milliliter in RPMI 1640 medium plus FCS. The cell cultures were
preincubated with 1 mmol/L. IBMX, a phosphodiesterase inhibitor
(prevents hydrolysis of cAMP), after which time the designated test
agents were added. The reaction was terminated by centrifugation,
and cAMP was extracted from the cells by the addition of 95%
acidic ethanol before homogenization. After washing, the super-
natants were evaporated and the cAMP content was determined by
use of a competitive protein binding assay (Diagnostic Products,
Los Angeles, Calif).30

Flow cytometric analysis

Phenotypic analysis was performed on cells incubated with
phycoerythrin (PE)-conjugated CD79b FITC-conjugated CD20
mAb or CD20-PE (Becton-Dickinson) or gp120-FITC (Intracel).
The cells were washed and fixed in 1% formaldehyde. Surface
staining was analyzed with an EPICS cytometer (Coulter). Nonvi-
able cells were excluded from analysis on the basis of their for-
ward-sideward scatter signal. With the use of appropriate isotype-
matched control mAbs (IgG, and IgG,,), the percentage positive
cells were calculated.

Statistical analysis of the data

All statistical comparisons were made with the Student ¢ distri-
bution for unpaired data. Variation among similar experiments was
assessed by ANOVA testing.

RESULTS
Augmentation of TNF-c—-induced proliferation
by gp120 in human B cells

TNF-c alone stimulated DNA synthesis in CD40 mAb
plus TL-4—activated HIV-1-seronegative normal human
peripheral blood B lymphocytes in a dose-dependent
manner with a plateau of a 75% increase at 100 ng/mL (P
< .01) (Fig 1). As indicated, gp120 (100 ng/mL) alone
also caused significant stimulation of the B-cell prolifer-
ative response (P < .01) (Fig 1). gp120 exerted its effects
on these B-cell functions in a dose-dependent manner
(data not shown). The addition of gpl20 to TNF-
o~induced B cells augmented the stimulatory prolifera-
tive response in a dose-responsive manner. There was a
peak enhanced proliferative response of 65% and 62% at
TNEF-o concentrations of 10 and 50 ng/mL over that of
gp120 levels, respectively (P < .01) (Fig 1). Proliferative
studies on HIV-1-seropositive human B cells demon-
strated results similar to those seen with HIV-1-seroneg-
ative human B cells (P < .01) (Table I).

Potentiation of TNF-c—stimulated B-cell Ig
synthesis by gp120
TNF-o alone stimulated IgM secretion in a dose-

dependent fashion with a 3-fold increase observed at 50
ng/mL (P < .001) (Fig 2, A). TNF-a alone also stimulat-
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FIG 1. TNF-a~induced proliferative response and enhanced lym-
phoproliferation by gp120. As noted in Methods before subse-
quent treatments indicated in legends to Figs 1 to 5, freshly isolat-
ed HIV-1-seronegative B cells were activated with CD40 mAb pius
IL-4. These activated cells were treated for 1 hour with gp120 (100
ng/mL) before addition of TNF-o (5-100 ng/mL). Activated B cells
cultured in medium or gp120 alone are represented at 0 point. Tri-
tiated thymidine incorporation was measured on day 2. Data rep-
resent mean = SE of at least 4 experiments in quadruplicate.

TABLE 1. Effects of gp120 and TNF-a. on HIV-seropositive
human B cells*

B cells cultured Proliferation IgM secretion

in presence of (dpm}t {ng/mi)t
Medium 1223 £ 82 50 +3.8
2pl20 2882 + 176% 81 +4.2%
TNF-a 2412 + 182% 70 £ 4.7%
gp120 + TNF-a. 2915 + 220% 131 + 10.8%

*B cells were stimulated with CD40 mAb (10 ng/mL) plus IL-4 (50 U/mL),
followed by gp120 (100 ng/mL) and TNF-o (50 ng/mL).

+The data are representative of the mean + SE of 2 experiments in dupli-
cate.

P < .01, over medium.

ed IgG secretion over a concentration-dependent range
(P < .01) (Fig 2, B). gp120 (100 ng/mL.) alone stimulat-
ed both IgM and IgG production as well (P < .01) (Fig
2). The addition of gp120 to the TNF-o—induced B-cell
culture system resulted in the augmentation of IgM pro-
duction, 91% over that of gp120-enhanced IgM and a 5-
fold increase over baseline at TNF-a. (10 and 50 ng/ml.)
(P <.001) (Fig 2, A). A similar trend was observed in IgG
production but at a reduced level of response (P < .01)
(Fig 2, B). IgM production in HIV-1-seropositive B cells
was enhanced by gpl120 alone and the combination of
gp120 plus TNF-o (Table I).
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FIG 2. Dose-response curve of TNF-« on Ig production of activat-
ed HIV-1-seronegative human B lymphocytes with potentiation
by gp120. For TNF-a dose-response, B cells were recultured with
increasing doses of TNF-o, alone (0.5-50 ng/mL). Activated B cells
cultured in medium or gp120 (100 ng/mL) alone are represented
at 0 point. Supernatants were harvested and quantitated by
ELISA on (A} day 7 for [gM and (B} day 10 for IgG production.
Data represent mean + SE of 4 experiments in triplicate.

Specificity of gp120-induced B-cell responses

The specificity of these gpl20-induced B-cell
responses was established in several different ways. First,
to determine whether the gp120-induced responses were
direct effects of the HIV-1 envelope glycoprotein, a
gp120-specific mAb (100 ng/mL) was added to the B-
cell culture system 2 hours before the addition of gp120
(100 ng/mL) (Table ITA). The stimulatory effect of gp120
was abrogated in the presence of the anti-gp120 mAb in
both gpl120-induced B-cell proliferation and IgM pro-
duction, indicative of the specificity of gp120. Second, to
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FIG 3. Binding of gp120 by activated HIV-1-seronegative human B lymphaocytes. These cells were cuitured in
the presence of (B} medium, (C) S aureus Cowan | protein plus IL.-2, or (D) CD40 and IL-4 for 48 hours at 37°C.
Cells were double stained with CD20-PE and gp120-FITC. Two-color immunostaining profiles of iymphocytes
were gated by forward and 90-degree light scatters. Background levels are shown in A. For each quadrant the
percentage of total cells is indicated. The upper right quadrant contains B cells bound by gp120. The results

are a representation of 3 independent experiments.

substantiate that a CD4-receptor mechanism was not
involved in the modulation of these gp120-induced B-
cell functions, an anti-CD4 mAb (3 ng/mL) was added to
the culture system. The addition of anti-CD4 mAb exert-
ed no effect on either gp120-induced B-cell proliferation
or IgM production (Table I1A). Third, substitution of
gpl120 with a B-cell superantigen such as SPA did not
augment TNF-o—induced proliferation (Table IIB).

Finally, gp120-binding properties were assessed by
flow cytometric analysis (Fig 3). B cells that were
unstimulated (Fig 3, B), S aureus Cowan I protein
(0.01%) plus IL-2 (50 U/mL) activated (Fig 3, C), or
CD40 mAb (10 ng/mL) plus IL-4—-(50 U/mL) activated
(Fig 3, D) were incubated with gp120 from HIV-1pp,
double-stained with antisera to HIV-1ygp gp120, and
CD20 mAb analyzed by flow cytometry. Background
levels are shown in Fig 3, A. Under these conditions
2.9% to 4.3% of the B-cell population (CD20*) bound
gpl20 (Fig 3, B, C, and D). The net result of these find-
ings demonstrates the degree of specific binding of
gp120 to human B cells.

Modulation of TNF-o~induced B-cell cAMP
generation by gp120

CD40 mAb plus IL-4-activated HIV-1-seronegative
human B cells were cultured with increasing concentra-
tions of TNF-o (5-100 ng/mL.) for 2 hours at 37°C. gp120
(100 ng/ml.) alone stimulated cAMP generation in this B-
cell culture system (P < .01) (Fig 4). The addition of
gp120 with TNF-a for a 2-hour incubation at 37°C result-
ed in the enhancement of the TNF-o~stimulated B-cell
cAMP generation in a dose-dependent manner (P < .01)
(Fig 4). All cell cultures were treated with the phosphodi-
esterase inhibitor IBMX (I mmol/L), suggesting that the
gp120 effect was cAMP dependent. IBMX was required
to obtain measurable bascline values (data not shown).

Influence of gp120 on BCR cell surface
molecules on human B lymphocytes
Flow cytometric analysis of cells in the presence of

gp120 (100 ng/mL) for 24 hours (Fig 5, B) demonstrated
a down-regulation of dual-positive CD79b/CD20 cells by
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FIG 4. Modulation of TNF-a~induced B-cell cAMP generation by gp120. Activated HIV-1-seronegative human
B cells were cultured for 2 hours at 37°C with medium alone, various concentrations of TNF-o (5-100 ng/mL},
gp120 {100 ng/mL), or TNF-a plus gp120. The values are represented as means + SE of 3 independent experi-
ments performed in triplicate.
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FIG 5. Two-color immunofiuorescence flow cytometric analysis of CD79b expression in B cells. Activated HIV-
1-seronegative human B cells were treated for 24 hours with (A} medium, (B) gp120 (100 ng/mL), (C} TNF-o
(100 ng/mL), or (D) TNF-o. and gp120. Cells were double stained with FITC-labeled CD20 mAb and PE-labeled
CD79b mAb. Two-color immunostaining profiles of lymphocytes were gated by forward-sideward scatter. For
each quadrant the percentage of total cells is indicated. The results shown are a representation of 3 indepen-
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FIG 6. Hypothesis of gp120 modulation of B-cell signal transduction. The cAMP pathway activated by gp120
with augmentation by TNF-o impinges on the HIV-1 LTR CRE, resulting in a reservoir system for HIV-1 virus.
Individually, cAMP and TNF-a induce NF-kB binding to HIV-1 LTR, resulting in HIV-1 viral expression with an
enhanced response resulting on combination of both.

TABLE HA. Specificity of gp120 on HIV-seronegative B-cell proliferation and igM production on human B cells*

B cells cultured in the presence of Proliferation (dpm)T IgM production (ng/mL)¥

gp120 mAb CD4 mAb Control gp120 Control gp120
- - 1085 + 89 1750 + 135§ 29+ 1.1 69 + 2.8§
+ - 960 £ 74 1155 =98 24+08 32+12
- + 899 £ 75 1692 + 149§ 30+0.6 59 + 1.8§

*B cells were stimulated with CD40 mAb (10 ng/mL) plus IL-4 (50 U/mL); gp120 (100 ng/mL) was added after a 2-hour incubation with gp120 mAb (100
ng/mL) and/or CD4 mAb (3 mg/mL).

1The data represent the mean + SE of 3 experiments in quadruplicate.

1The data represent the mean + SE of 3 experiments in triplicate.

§P < .01, gp120-induced responses over control.

TABLE IIB. Specificity of gp120 augmentation on TNF-a-stimulated HlV-seronegative B-cell proliferation and
production of IgM

B cells cultured in the presence of Proliferation (dpm)* IgM production (ng/mL)T

gp120 {100 ng/mL) SPA (10 ng/mlL) Control TNF-o (50 ng/mL) Control TNF-o (50 ng/mL)

- - 3504 + 198 5875 + 329% 42 +2.1 112 £ 7.9%
+ - 4772 + 291% 6921 + 370%,8 111 +7.2% 189 + 14.6%,8
- + 4602 + 401% 5725 £ 301% 79 £5.8% 85+ 5.1%

*The data represent the mean + SE of 3 experiments in quadruplicate.

1The data represent the mean + SE of 3 experiments in triplicate.

1P < .01, over control.

§P < .01, over TNF-q..

52% (P < .01) from that of baseline CD79b+/CD20+ cells ~ DISCUSSION

(Fig 5, A). Treatment of these B cells with TNF-o (50

ng/mL) (Fig 5, C) exerted no change in baseline of
CD79b surface expression. Addition of TNF-¢t to gp120
did not enhance the down-modulation of CD79b antigen
expression over that caused by gpl20 alone (Fig 5, D).
Cytometric analysis of other B-cell surface markers, in
particular CD22, CD23, and CD71, demonstrated no sig-
nificant modulation by either TNF-o¢ or gp120 or their
combination (data not shown).

The current study supports the premise that the HIV-1
envelope protein gp120 exerts an effect on human B cells
that is further modulated by TNF-o.. gp120 stimulated B-
cell proliferation, Ig secretion, and cAMP generation in
HIV-1-seronegative, CD40 mAb, and IL-4-activated
human peripheral blood B lymphocytes. This enhanced
activation and differentiation was shown to be gp120 spe-
cific becanse anti-HIV-1-gp120 antibodies blocked these
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B-cell responses. Flow cytometric analysis established
binding of gp120 to a small proportion of the CD20* B
lymphocyte population. This study demonstrated that
TNF-o alone induced B-cell proliferation, Ig synthesis,
and cAMP generation paralleling that observed with
gp120. The addition of gp120 to TNF-o—induced B-cell
cultures augmented B-cell proliferation and Ig production.
Modulation of signal transduction was observed with
resultant gp120-induced down-regulation of the BCR with
no abrogation of this inhibitory effect by TNF-o.. TNF-0—
induced cAMP generation was enhanced by gp120.

With use of B cells from HIV-1-infected individuals,
Rieckmann et all7 presented evidence to support the
stimulatory effect of gpl120 on IgG and IgM synthesis.
This correlates with our HIV-1 seropositive data. Yet in
their study the addition of gpl120 to unstimulated
seronegative donor B cells produced no effect on either
1gM or IgG production. Their results may be due to the
resting state of the seronegative B cells in their study.
Incubation of gpl120 with resting B cells in our system
likewise exerted no response (data not shown). Activa-
tion appears to be required for a gp120 response.

Evidence has shown that a direct effect of HIV-1 on B
cells is mediated through gp120, a member of Ig super-
antigens.31:32 CD40 mAb and IL-4, which mimic T-cell
help, allow gp120-stimulated B cells from HIV-1-nega-
tive donors to secrete Vi3 Ig.4 The activation signal
delivered by gp120 is not strictly linked to infection, as
evidenced by these studies and others. The level of gp120
binding in our B-cell population (3%-4%) is consistent
with those reported by other investigators.914:33

The response of B cells to pathogens is mediated, in
part, by the cell surface B-cell receptor for antigen. Conge
et al20 have shown that HIV-1-seropositive B cells have a
defect in early signal transduction by BCR/CD40 path-
ways. We show a down-regulation of the BCR by gp120,
which may be an explanation of the defect in the early
stages of HIV-1 B-cell activation. Although this early
defect in HIV-1 B-cell signaling may be responsible for
rendering them sensitive to activation-induced cellular
death, this may initially result in the gradual loss of B-cell
function during the progression of HIV-1 infection. The
longitudinal study: of 805 children born to HIV-1-infect-
ed women, for example, demonstrated by univariate
analysis that lower B-cell numbers (P = .004) and lower
IgG serum levels (P = .003) were associated with early
death (Shearer et al, in preparation).

cAMP modulates cell activation, which is required for
HIV-1 gene expression. Here we show that cAMP genera-
tion in B lymphocytes is induced by gp120 and augmented
by TNF-a.. Aandahl et al?# observed an increase in cAMP
levels in T cells from HIV-1-infected patients above that
seen in HIV-1-seronegative individuals, demonstrating the
importance of cAMP signaling in HIV-1 infection.

As a regulator of HIV-1 replication and transcription,
cAMP transduces a signal that results in the alteration of
cellular and viral gene expression. Polyclonal B-cell acti-
vation seen in HIV-1 infection is mediated by a non-anti-
gen-specific MHC-unrestricted membrane TNF-o! recep-
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tor—mediated pathway.513.34 Anti-TNF-o drugs (vesnar-
inone), already in clinical trials, have shown inhibition of
HIV-1 replication and apoptosis in HIV-1-infected indi-
viduals.35:36 We have presented data to show that TNF-o
stimulates B-cell cAMP generation and that the TNF-
o~induced cAMP generation is further augmented by
modulation of gp120.

Lapointe et al?2 presented evidence in B cells of
cAMP regulation of HIV-1 LTR and NF-xB activity.
cAMP has been shown to enhance NF-xB binding to
DNA and the induction of the TNF-o-receptor with sub-
sequent induction of viral expression in HIV-1-positive
cells. This resulted in enhanced binding of NF-kB to the
HIV-1 LTR.25 In monocytes enhanced HIV-1 expression
was induced in the presence of TNF-o, cAMP activator,
or both.21.25 Tt appears that the cAMP pathway is
involved in signal transduction of HIV-1 LTR activity.

Hypothesis

Modulation of signal transduction pathways by gp120 in
B cells may indicate a role of cAMP as a trigger of latent
HIV-1 infection because B cells may well be a reservoir of
HIV-1 virus (Fig 6).37 We propose that, because TNF-ot (by
NF-kB binding) and cAMP (by cAMP responsive element
[CRE]) regulate HIV-1 expression through the HTV-1 LTR,
the sustained cAMP levels may interfere with the cell’s
ability to respond to external stimuli. For example, the
gp120 modulated down-regulation of the BCR may inter-
rupt downstream signal transduction. If validated, this
model may be important in the design of a B-cell vaccine
and immunomodulatory therapy of HIV-1 infection.

We thank Catherine Green for her technical assistance.
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