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Immunoglobulin V,,3 Gene Products:
Natural Ligands for HIV gp120

Linda Berberian,* Lee Goodglick,* Thomas J. Kipps,
Jonathan Braunf

Infection with human immunodeficiency virus—type 1 (HIV-1) depletes T cells expressing
CD4 and B cells expressing immunoglobulin (Ig) V,,3 gene products. A subpopulation of
normal B cells from non-HIV-infected individuals was shown to bind to HIV gp120 by
means of membrane Ig; most of these B cells expressed V,,3 family Ig. Serum V3 IgM
from uninfected individuals also avidly bound gp120. Finally, gp120 selectively induced Ig
secretion by V,,3 B cells, indicating that the binding of gp120 functionally activated these
cells. These results indicate that naturally occurring V,,3 Ig is a second ligand for gp120
and a candidate superantigen for V,;3 B cells.

Acquired immunodeficiency syndrome
(AIDS) is characterized by dysfunction and
depletion of immune cells including CD4*
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T cells and B cells (1, 2). CD4* T cells are
selectively deleted as a result of a series of
events initiated by the binding of HIV to the
CD4 molecule by means of the viral enve-
lope glycoprotein gp120 (3). The exact
mechanism by which binding leads to dele-
tion of this population is unknown. Howev-
er, several models have been proposed, in-
cluding direct cytotoxicity (4), gpl20-in-
duced polyclonal apoptosis (5), and oligo-
clonal superantigen-mediated deletion (6).
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We reported a clonal deficit of B cells
bearing rearranged Ig V33 genes in individ-
uals with AIDS (7). V3 is the largest
family of Ig heavy chain variable regions
consisting of 30 or more related gene seg-
ments (8). Analogous to the situation with
CD4" T cells, a model for Vi3 B cell
depletion could involve direct binding of
HIV to this B cell population. We therefore
examined whether HIV gp120 bound to a
subpopulation of normal B cells. Mononu-
clear cells were obtained from fresh tonsil
tissue from subjects aged 2 to 14 years as
described (9). All of these patients were
seronegative for HIV. Tonsil cells were
incubated with recombinant gp120 from
HIV-1gg, [expressed in Chinese hamster
ovary (CHO) cells], stained with antisera
to HIV-1gp, gpl20 and lineage-specific
markers, and analyzed by flow cytometry
(10). In all eight subjects, 3 to 6% of the B
cell population (CD19%) bound gpl120
(Fig. 1A). T cells in the tonsil served as an
internal control for gp120 binding. As ex-
pected, 68% of the T cell (CD19~, CD3™)
population bound gp120, consistent with
the known abundance of CD4" T cells
(Fig. 1A). In some experiments, tonsils
were initially depleted of T cells by eryth-
rocyte rosetting (9). This procedure did not
diminish the population of CD19% cells
binding gp120.

Although normal B cells do not express
CD4, it was conceivable that this small
population of B cells might express this
molecule. However, we were unable to
detect CD4 on the surface of CD19™ tonsil
cells (I1). Furthermore, pretreatment of
tonsil cells with Leu3a, an antibody to CD4
(anti-CD4) that blocks the binding of
gpl120 to CD4 (12), completely inhibited
¢p120 binding by tonsil T cells (Fig. 1B). In
contrast, Leu3a did not inhibit binding of
gp120 to the subpopulation of CD19% cells
(Fig. 1B), demonstrating that gpl120 did
not bind to the B cells by means of CD4.
Consistent with these results, we observed
that a similar B cell subpopulation also
bound nonglycosylated HIV-1gp, gpl20
produced in yeast (11), a form of gp120 that
does not bind to CD4 (13).

We postulated that gp120 bound to these
normal B cells by means of membrane Ig. To
address this idea, we selectively removed cell
surface Ig by pretreating tonsil cells with
antibodies to k and \ Ig light chain (anti-k
and anti-\) before the gp120 binding assay.
Endocytosis of membrane Ig with antibody
to Ig decreases surface Ig by >90% (14); in
the present experiments, such treatment re-
moved 94% of membrane IgD (Fig. 1C).
After removal of membrane Ig, a corre-
sponding amount of gp120 binding was lost
(Fig. 1D), indicating that gp120 binding was
associated with membrane Ig.

To determine whether the B cells that



Fig. 1. (A) Detection of a minor population of
CD19* gp120-binding cells. Mononuclear hu-
man tonsil cells were sequentially stained with
HIV-1g, gp120 (70), goat antibody to gp120,
swine anti-goat IgG-PE, and anti-CD19-FITC.
Bound to gp120 were 4% of B cells (CD19%)
and 68% of T cells (CD197). Staining with anti-
body to CD20 and antibody to CD3 confirmed
the identity of these cell types (CD20*/CD3~
and CD20~/CD3*, respectively) (37). Repre-
sentative of eight subjects. (B) Effect of anti-CD4
pretreatment on gp120 binding. Tonsil cells
were pretreated with Leu3a (32 ng, 30 min at
4°C), washed, then stained as in (A). T cell
binding to gp120 (upper left quadrant); B cell
binding to gp120 (upper right quadrant). Repre-
sentative of three experiments. (C and D) Effect
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of membrane Ig endocytosis on gp120 binding. Tonsil cells were pretreated with anti-human k and A
light chain to elicit membrane |g endocytosis then washed and stained for CD19 and either
membrane IgD (C) or gp120 binding (D). Values are the mean fluorescence calculated from flow
cytometric data on gated CD19* cells. Background staining was determined with fluorochrome-
labeled isotype control antibodies. Representative of three experiments.

bound gp120 expressed V;3 lg, we utilized
four antibodies to the Vi3 idiotype (anti-
idiotype), B6, D12, BK2, and 16/6 (10, 15).
Together, these antibodies recognize about
11 germline-encoded V3 gene products
(8). An overabundance of V3 idiotope—
positive B cells was detected in gp120-bind-
ing B cells, and these four idiotopes alone
accounted for 77% of the gp120-binding B
cell population (Table 1). In contrast, this
population did not include cells positive for
G6 (Table 1), an antibody to an idiotope for
a subset of V1 gene products (15).

For confirmation of the identity of this
population of B cells, we examined the
binding of gp120 by tonsil mantle zone B
cells immortalized with the Epstein-Barr
virus (EBV) (16). The EBV-immortalized B
cells were stained with gpl120 (1.5%
gp120* cells) and sorted by a fluorescence-
activated cell sorter (FACS) into gp120-
binding and gpl120-nonbinding popula-
tions. The gpl20-binding phenotype of
these sorted populations remained stable
after expansion for 3 weeks in culture: the
gp120-nonbinding population still did not
bind gp120, whereas 71% of the gpl120-
binding population remained gp120* (18%
brightly, 53% more dimly) (Fig. 2). EBV-

Fig. 2. The binding of
gp120 by FACS-sort-
ed EBV-immortalized
B cells. EBV-immortal-
ized mantle zone tonsil
cells were FACS-sort-
ed into gp120-binding
and gp120-nonbind-
ing populations and
then reanalyzed after expansion in culture for 3
weeks (76). The fluorescence histogram for sort-
ed gp120™* B cells is shown by the solid line. The
gp120~ B cells or background staining (all re-
agents except gp120) were dim and superimpos-
able; both are shown by the stippled line.
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immortalized tonsil germinal-center cells
lacked detectable binding to gp120 (11),
consistent with the normal deficit of V(33 B
cells at this location (9).

The preceding experiments suggested
that an Ig prevalent in normal individuals
was capable of binding to gp120. To direct-
ly test this idea in a cell-free system, we
evaluated binding of soluble Ig to gp120
with an enzyme-linked immunosorbent as-
say (ELISA) (17). Serum was collected
from normal, seronegative individuals with
no history of HIV contact (18). We ob-
served a dose-dependent binding of serum
IgM to gp120 (Fig. 3A). There was signif-
icant binding to gp120 with as little as 5 to
10 ng of serum IgM. Binding by IgM was
about 10 times the binding by IgG (Fig.
3A). We obtained similar results when we
used a commercially available ELISA plate
to detect antibodies against a total HIV-1
lysate (Retro-tek HIV-1 ELISA kit). With
this ELISA plate, binding was readily de-
tectable for normal serum IgM, but not for
IgG; IgG is the isotype routinely assayed by
this kit (11).

We analyzed gp120 binding by IgM frac-
tions that had been enriched or depleted of
Vi3 Ig by means of Staphylococcus aureus

Table 1. Predominance of V, ;3 idiotopes in
gp120-binding B cells. Tonsil B cells from nor-
mal subjects were stained for CD19, gp120, and
V3, V1, or V llla idiotopes then analyzed by
flow cytometry, gating on either all CD19+ cells
(all B cells) or CD19* gp120-binding cells
(gp120* B cells) (10). An example of one rep-
resentative V region recognized by the anti-
idiotope is shown in parentheses. Results of one
experiment are shown; similar results were ob-
tained in three separate experiments.

V family Anti- Percent Perocfent
(represent- P of all i
: idiotope gp120
ative gene) B cells B cells
V3 (V,26) 16/6 16 26
V3 (1.911) B6 and 12 46
D12
V3 (9-1) BK2 3 5
vyl G6 25 <0.1
humvh10571)
V, V.6 8 <01

o

humvk328)

protein A. In addition to its well-known
binding domain for IgG constant regions,
protein A contains a second distinct do-
main that binds to a conserved V; peptide
present in most V;3 Ig (19). Normal serum
was first depleted of IgG with protein G
beads then fractionated with a protein A
column (20). The gp120-binding activity of
[gM was enriched in the protein A~bound
fraction and depleted in the unbound frac-
tion (Fig. 3A). It was significant that the
[gM from the protein A-bound fraction
avidly bound gpl120 from different HIV
strains and different recombinant expres-
sion systems (21). This pattern distinguish-
es them from the strain-specific antibodies
present in HIV seropositive individuals. In
addition, binding of both glycosylated and
nonglycosylated gp120 indicated that the
recognized epitope was peptide encoded.
To examine the binding of a monoclo-
nal IgM to gpl20, we utilized a set of
monoclonal IgM purified from sera of pa-
tients with Waldenstrém’s macroglobulin-
emia, a clonal malignancy of [gM-secreting
B cells (22). Monoclonal IgM from patient
HEA (V43, V.3) bound gpl20 with a

Fig. 3. Binding of soluble Ig to
gp120. Binding of Ig to HIV-1gg,
rgp120 was measured by ELISA
(17). (A) Normal serum assayed
with antibody to IgM (open circles)
or antibody to IgG (closed circles).
Representative of sera from eight
individuals. |gG-depleted normal

Absorbance

serum |g was separated into frac-
tions enriched (closed boxes) or
depleted (open boxes) for protein A

0 re. S o
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binding (20). Representative of three fractionation experiments. (B) Monoclonal IgM binding to
gp120. HEA (square); SMI (circle); and normal serum (triangle). In both figures values are the mean
of triplicate determinations, and error bars indicate standard deviations.
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similar dose-dependence as serum IgM (Fig.
3B); this IgM also bound to protein A (11).
The binding affinity of HEA to glycosylated
HIVg, gp120 was determined by the meth-
od of Friguet et al. (23) yielding a dissocia-
tion constant (K,) of 8.6 x 107° M. In
contrast, the monoclonal IgM SMI (Vyl,
V. 3) did not bind gpl120 (Fig. 3B) or
protein A (11).

Because V;3 Ig binds gp120, we predict-
ed that gp120 should successfully substitute
as a conventional membrane Ig ligand for
the V;3-expressing B cell population. We
cultured tonsil B cells in an established
system that is responsive to direct mem-
brane Ig stimulation (24) to test the func-
tional consequences of gp120 binding. In-
cubation of the tonsil B cells with gp120
induced a striking increase in Ig secretion
by D12* V;3 B cells, comparable in mag-
nitude to the stimulation induced by anti-
body to IgD (anti-IgD) (Fig. 4). In con-
trast, whereas IV.6* V Illa B cells were
responsive to anti-IgD, gp120 failed to in-
duce Ig secretion over basal amounts. This
unresponsiveness was consistent with the
paucity of gpl120-binding B cells in this
clonal subpopulation and was also notable
because the abundance of IV.6 and D12 B
cells in tonsil is similar (Table 1).

In this study, we have identified a sec-
ond cellular ligand for gp120. The binding
of gp120 to naturally occurring Ig has sev-
eral features resembling a superantigen in-
teraction. T cell superantigens characteris-
tically bind to the B chain of the T cell
receptor (TCR) and to major histocompat-
ibility complex class II proteins outside the
antigen-binding groove (25). Binding of a
superantigen is also correlated with an ini-
tial stimulation and subsequent depletion of
a relatively large population of T cells that
express specific TCR B chains (25). The
idea of superantigens for B cells has been
proposed from the observed Vi -specific
binding of S. aureus bacterial toxin protein

Fig. 4. Ig secretion by
D12+ B cells stimulat-
ed with gp120. Puri-
fied tonsil B cells were
cultured on mitomy-
cin-treated CDw32 L
cells for6 daysina T
cell-independent sys-
tem  supplemented
with recombinant hu-
man interleukin-4 (3 ng/ml) and mAb to CD40
G28-5 (50 ng/ml) as described (24). To some
samples 100 ng of HIV-14., gp120 or anti-IgD
(0.5 ng/ml) were added. We determined Ig
secretion by ELISA. Results are displayed as
the fold increase above basal amounts (8.4 +
6.6 ng for D12 and 1.1 = 0.3 ng for IV.6) of Ig
secretion. On gp120 stimulation, the D12 de-
tected 52% of the total Ig secretion (basal
amount of total Ig = 34.0 = 8.0 ng).
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A (19) and certain autoantigens (26) and is
consistent with the conserved structural
motifs of framework regions in Ig families
and clans (27). Analogous to these prece-
dents, gp120 binds to a subpopulation of B
cells sharing a restricted Ig V gene family
(Vy3) irrespective of light chain isotype
(11). Although the V3 genes detected in
this population (homologs of 1.911I, V;26,
and 9-1) are highly diverse in their comple-
mentary determining regions, they share
conserved, surface-exposed peptide seg-
ments in FR1 and FR3. This observation
provides further evidence for the hypothe-
sized role of these sites as an alternate
antigen-binding site on the Ig molecule
(27) possibly with multireactive features
(28). Functionally, binding of gp120 acti-
vates V3 B cells in vitro. In AIDS pa-
tients, there is a clonal deficit of V3-
expressing B cells; interestingly, this clonal
deficit is preceded by an expansion of the
Vi3 B cell pool in earlier clinical stages of
HIV infection (I1), indicating that the
seemingly polyclonal B cell stimulation that
accompanies HIV infection (29) preferen-
tially involves the V3 B cell population.
These findings may be relevant to HIV
pathogenesis. The immunologic sequelae of
receptor-mediated binding of HIV or solu-
ble gp120 to the relatively large Vi;3 B cell
population may contribute to HIV-associat-
ed B cell derangements. Furthermore, ini-
tial studies indicate that V;3-enriched IgM
from non-HIV-infected individuals is neu-
tralizing for HIV infection of T cells in a
serum-free in vitro assay (I11); in vivo, the
concentrations of anti-gp120 IgM and V3
IgM correlate with the clinical stage of HIV
infection (11). These findings suggest a role
for serum V3 IgM in the course of HIV
infection and, consequently, the potential
importance of considering V;3 B cells in
strategies for HIV vaccine development.
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IRS-1: Essential for Insulin- and IL-4-Stimulated
Mitogenesis in Hematopoietic Cells

Ling-Mei Wang, Martin G. Myers, Jr., Xiao-Jian Sun,
Stuart A. Aaronson, Morris White, Jacalyn H. Pierce*

Although several interleukin-3 (IL-3)—dependent cell lines proliferate in response to IL-4 or
insulin, the 32D line does not. Insulin and IL-4 sensitivity was restored to 32D cells by
expression of IRS-1, the principal substrate of the insulin receptor. Although 32D cells
possessed receptors for both factors, they lacked the IRS-1-related protein, 4PS, which
becomes phosphorylated by tyrosine in insulin- or IL-4—responsive lines after stimulation.
These results indicate that factors that bind unrelated receptors can use similar mitogenic
signaling pathways in hematopoietic cells and that 4PS and IRS-1 are functionally similar
proteins that are essential for insulin- and IL-4-induced proliferation.

Tnsulin receptor substrate—1 (IRS-1) is a
hydrophilic protein that undergoes tyrosine
phosphorylation immediately after insulin
stimulation (1). It contains 20 phosphoryl-
ation sites for tyrosine and 30 for threonine
and serine but possesses no apparent identity
with other known proteins (2, 3). Tyrosine-
phosphorylated sites within IRS-1 associate
with high affinity to cellular proteins that
contain Src homology 2 (SH2) domains,
including phosphatidylinositol (PI)-3 ki-
nase, growth factor receptor—bound protein
2 (GRB2) (Sem-5), and SH2-containing
protein tyrosine phosphatase-2 (SH-PTP2)
(2, 4-6). PI-3 kinase is activated when the
SH2 domains in its 85-kD regulatory subunit
(p85a) bind to tyrosine-phosphorylated
IRS-1 (7, 8). Overexpression of IRS-1 in
CHO cells enhances insulin- and insulin-
like growth factor (IGF-1)—stimulated mito-
genesis, and microinjection of recombinant
IRS-1 into Xenopus oocytes mediates insu-
lin-stimulated oocyte maturation (9). Insu-
lin receptor mutants that are defective for
mitogenic signaling are also incapable of
inducing IRS-1 phosphorylation (2, 10).
Although these studies imply that IRS-1 is a
component of the insulin signaling pathway,
they do not provide direct evidence that
expression of this protein is required for
insulin action.

Although the IL-3-dependent myeloid
progenitor cell lines FDC-P1 and FDC-P2
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do not express IRS-1, in these cells IL-4,
insulin, and IGF-1 stimulate potent tyro-
sine phosphorylation of a protein, designat-
ed 4PS (IL-4~induced phosphotyrosine sub-
strate) (11, 12). This substrate behaves like
IRS-1 in that it strongly associates with
p85a of PI-3 kinase after factor stimulation
and migrates at 165 to 175 kD during
SDS—polyacrylamide gel electrophoresis
(11, 12). The 4PS protein is weakly recog-
nized by a polyclonal antibody directed
against IRS-1, and the phosphopeptide pat-
terns generated by V8 digestion of the two
proteins are similar but not identical (11).
The concentrations of insulin and IL-4
required to induce mitogenesis in the FDC
lines correlate with those needed to stimu-
late tyrosine phosphorylation of 4PS, which
suggests that this IRS-1-like substrate
might participate in IL-4— and insulin-me-
diated signal transduction in hematopoietic
cells.

The 32D line has a myeloid progenitor
phenotype and is IL-3-dependent like the
FDC lines (13), but 32D cells did not
proliferate upon exposure to IL-4 or insulin.
Induction of DNA synthesis by IL-4 in 32D
cells was negligible, and insulin had no
detectable mitogenic effect at any concen-
tration tested (Fig. 1). In contrast, IL-4 and
insulin induced efficient DNA synthesis in
the FDC-P2 line (Fig. 1). Receptor expres-
sion was examined by saturation binding
assay: 32D cells had ~1200 IL-4 and ~500
insulin receptors per cell and FDC-P2 cells
had ~1800 IL-4 and ~750 insulin receptors
per cell (14). Because IL-4 and insulin
receptor levels in 32D cells were only
slightly lower than those in FDC-P2 cells, it
seemed unlikely that small receptor num-
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