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Direct Polyclonal Activation of Human B Lymphocytes
by the Acquired Immune Deficiency Syndrome Virus

STEVEN M. SCHNITTMAN,* H. CLIFFORD LANE, SANDRA E. HIGGINS,

THoMAs FoLks, ANTHONY S. FAucT

When B lymphocytes from normal human peripheral blood were incubated for 1 hour
with the retrovirus that causes the acquired immune deficiency syndrome (AIDS), the
B cells showed marked proliferation and differentiation. Proliferative responses to the
virus peaked on day 4 and appeared to be independent of accessory cells. This finding
was repeated with three separate viral isolates, one of which was from a patient from
Zaire. The magnitude of the observed responses was comparable to that seen with
standard polyclonal B-cell activators. This phenomenon may be at least partially
responsible for the polyclonal B-cell activation seen in patients with AIDS.

HE ETIOLOGIC AGENT OF THE AC-
quired immuné deficiency syndrome
(AIDS), known as human T-lym-
photropic virus type III or lymphadenop-
athy-associated virus (HTLV-III/LAV), se-
lectively infects and destroys the helper/
inducer subpopulation of human T lympho-
cytes (1). This results in a severe crippling of
the immune system at the T-cell level. There
is good evidence that the T4 molecule is the
receptor for the virus, not only on helper/
inducer T cells but or a variety of cells and
cell lines (2). Among the immunologic ab-
normalities that are thought to be a direct
result of infection with the AIDS virus are
lymphopenia, which is predominantly due
to the quantitative decrease in helper/induc-
er T lymphocytes, decreased immunologic
responses to soluble antigens, and decreased
virus-specific cytotoxicity (3): In contrast to
these depressive effects on the functiod of T
cells, infection with the AIDS virus results
in an intense polyclonal activation of B cells.
This is evidenced by elevated serum levels of
immunoglobulins G and A (IgG and IgA),
the presence of circulating immune com-
plexes, and an increased number of periph-
eral blood lymphocytes spontaneously se-
creting immunoglobulin (4).
Several mechanisms have been proposed
to explain the polyclonal B-cell activation
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seen in patients with AIDS. Among them
are the T-cell independent activation and
transformation of B lymphocytes by Ep-
stein-Barr virus (EBV) or cytomegalovirus
in the absence of the normal immunoreg-
ulatory T-cell influences, the production of
B-cell activating factors by AIDS virus—
infected T cells, and a direct activation of B
cells by the AIDS virus. An understanding
of the interaction of the AIDS virus with B
lymphocytes might provide additional in-
sights into the immunopathogenesis of
AIDS and, in particular, might suggest that
receptor molecules other than T4 could play
a role. In the present study we demonstrate
that the AIDS virus can induce B-cell prolif-
eration and immunoglobulin secretion to a
degree that is comparable with any of the
currently used polyclonal B-cell activators.
For these experiments, human peripheral
blood mononuclear cells were obtained
from healthy individuals who were seroneg-
ative for antibodies to the AIDS virus. They
were greatly enriched for B cells by means
of Hypaque-Ficoll separation and depletion
of monocytes by passage through G-10
columns. Depletion of T cells was then
achieved by rosetting with sheep red blood
cells that had been treated with 2-amino-
ethylisothiouronium bromide (5). The re-
sulting cell suspensions contained 70 to

85% B cells and less than 5% T cells, as
determined by phenotypic and functional
analysis with the use of monoclonal anti-
bodies to the CD3 complex; a polyvalent
antiserum to surface immunoglobulin; and
proliferative responses to phytohemaggluti-
nin (PHA), a pure T-cell mitogen, and
whole, Formalin-treated Staphylococcus auve-
us Cowan strain I, a pure B-cell mitogen.
While cell separation techniques such as
sorting by FACS (fluorescence-activated cell
sorting) are capable of providing more high-
ly purified populations of B cells, the large
numbers of cells required in our studies
made such methods infeasible.

Supernatants containing different isolates
of the AIDS virus were obtained by grow-
ing the viruses either in peripheral blood
mononuclear cells that had been stimulated
for 3 days with PHA or in the A3.01 cell
line (6).

Samples of B cells were incubated for 1
hour with A3.01 supernatant containing
AIDS virus strain FB-3, and B-cell prolifera-
tion, determined by [*H]thymidine incor-
poration, was measured daily. As shown in
Fig. 1, substantial B-cell proliferation was
induced by the FB-3 containing superna-
tant. This proliferation was noted as early as
day 2 and peaked on day 4 in all experi-
ments. In contrast to the B-cell activation
and transformation that have been described
for EBV (7), the B-cell proliferation induced
by FB-3 was a transient event and was no
longer detectable by day 9 of culture. The
magnitude of the response (9,000 to 28,000
cpm) was as great as that seen with any of
the known T-cell independent human B-cell
mitogens, such as Staphylococcus aurveus
Cowan strain I or EBV (8).

We next determined the concentration of
virus that would result in the greatest prolif-
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Table 1. Effects of HTLV-III/LAV on B-cell
proliferation. Supernatants of HTLV-II/LAV-
infected A3.01 cell line were placed over a sucrose
gradient and subjected to zonal centrifugation at
80,0005. The fractions obtained were screened
for the presence of viral proteins by Western blot.
Fractions containing viral proteins were pooled
(pool 2) as were nonviral fractions (pools 1 and
3). The pooled fractions were incubated with B
cells and placed in culture as described in Fig. 1.
The B cells were harvested on day 4 and [*H]thy-
midine incorporation was measured.

[*H]Thymidine
incorporation
(cpm)

1 893 -

2 12,079

3 1,099 -
795

Western

Pool blot

+

Control

erative response, and investigated the poten-
tial toxic properties of the virus. The magni-
tude of the proliferative response increased
as the concentration of the virus increased,
with a plateau occurring at a multiplicity of
infection of 0.001 to 0.002 infectious units
per B cell (Fig. 2). We were unable to
produce higher concentrations of virus than
those studied and thus could not determine
with certainty whether cytotoxic effects

15,000 r

10,000

B cells)

5

5,000

[BH]Thymidine incorporation
(cpm per 2 x 10

(X

would be seen at a higher multiplicity of
infection.

To ensure that this property of B-cell
activation was a general property of the
AIDS virus and not unique to the particular
isolate (FB-3) that was used, we tested
several other isolates in the same system. All
three isolates tested, including one strain (L-
Z84) obtained from a Zairian patient, in-
duced B-cell proliferation (Fig. 3). Further-
more, at day 4 of culture, the proliferative
responses induced by all strains of the AIDS
virus were greater than the responses in-
duced by EBV. By day 10, B cells incubated
with EBV were still proliferating whereas B
cells incubated with the AIDS virus exhibit-
ed no evidence of viral transformation as
determined by the measurement of [*H]thy-
midine incorporation (Fig. 1) as well as by
in situ hybridization with the use of nucleic
acid probes (9). Supernatants containing
viruses grown in peripheral blood mononu-
clear cells were as capable of inducing B-cell
proliferation as were viruses grown in
A3.01. Neither supernatants of the nonin-
fected A3.01 cell line nor supernatants ob-
tained from noninfected peripheral blood
mononuclear cells stimulated with PHA in-
duced B-cell proliferation in this manner.

11

Day of culture

Fig. 1. Kinetics of HTLV-III/LAV—induced B-cell proliferation. Virus-containing supernatants were
derived from the HTLV-III/LAV—infected A3.01 cell line. The stock supernatant contained virus at a
concentration of 10* infectious units per milliliter as defined in Fig. 2. B cells were prepared as described
in the text. The B cells (5 x 10°) were centrifuged and the pellet was resuspended in 1 ml of virus-
containing supernatant and incubated for 1 hour at 37°C. The cells were then washed twice with RPMI
1640 and resuspended in RPMI 1640 containing 10% fetal calf serum (FCS) at 2 X 10° cells per
milliliter. Portions (0.1 ml) were placed into round-bottom microtiter dishes already containing 0.1 ml
of RPMI 1640 with 10% FCS in each well. The cultures were incubated at 37°C at 7% CO,. On
sequential days, the cultures were incubated for 4 hours with 2 pCi of [*H]thymidine and harvested
onto glass fiber filters. Radioactivity was measured in a liquid scintillation counter and expressed as
counts per minute per 2 X 10° B cells. The figure depicts three of six such experiments. Each point
shows the average (= SEM) for counts from six wells. Background counts of B cells not exposed to
virus (range 50 to 1000 cpm) are subtracted from the data.
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Fig. 2. Effect of concentration of HTLV-II/LAV
on B-cell. proliferation. Various dilutions of
HTLV-III/LAV—infected A3.01 cell line superna-
tants were incubated with 5 x 10° B cells as
described in Fig. 1. The B cells were harvested on
day 4. The ordinate represents the percent of the
maximum observed [*H]thymidine incorporation
for each of the concentrations of virus stock. The
undiluted (100%) virus stock represents 10* in-
fectious units per milliliter as determined by the
reciprocal of the highest dilution that could still
induce reverse transcriptase activity and cytopath-
ic effect in a susceptible cell line. Data presented
are means = SEM for four experiments.

To investigate further whether the B-cell
activation observed was due to a direct
interaction between the B cell and the AIDS
virus or was mediated by virus-induced cell
products, we performed experiments with
supernatants fractionated in the following
manner. Samples of A3.01 supernatants
containing AIDS virus were pooled, placed
over a sucrose gradient, and subjected to
zonal centrifugation at 80,000g. The frac-
tions obtained were screened by Western
blotting for the presence of viral proteins.
Fractions containing viral proteins were
pooled as were nonviral fractions above and
below the peak of viral proteins. These pools
were then incubated with B cells for 1 hour
and placed in culture. At day 4 of culture we
observed significant induction of B-cell pro-
liferation only in those pools that contained
the AIDS virus (Table 1). This strongly
suggests that the B-cell activation described
here is due to a direct interaction between
the virus and B cells.

The standard sequence of events in B-cell
maturation involves discrete steps of activa-
tion, proliferation, and differentiation (10).
Having demonstrated that the AIDS virus
can induce marked B-cell proliferation, we
next studied the effect of the virus on immu-
noglobulin secretion by B lymphocytes. In
cultures incubated with virus for only 1
hour, immunoglobulin secretion was sub-
stantial at the end of 10 days. This secretion
was approximately 50% of that induced by
pokeweed, a T- and B-cell mitogen that is T
cell-dependent (Table 2), and was greater in
magnitude than that induced by any other
available T cell-independent B-cell activator
an.

Thus, our data show that a variety of
isolates of the AIDS virus can induce the
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proliferation and differentiation of normal
human peripheral blood B lymphocytes.
The effect appears to be T cell-independent
and is comparable in magnitude to the
response that can be induced with the most
potent polyclonal B-cell activators currently
used in human immunology.

The data suggest that the B-cell activation
is due to a direct interaction between the
AIDS virus and the B lymphocyte. The fact
that the responses occur after a short incuba-
tion time, can be seen with virus propagated

in either peripheral blood mononuclear cells
or the A3.01 cell line, occur with highly
concentrated bands of virus obtained with
zonal centrifugation, and have none of the
kinetic characteristics of the responses in-
duced by the known T cell-derived B-cell
activating factors suggests strongly that they
are due to a direct interaction between B
cells and the virus.

It is difficult to say what role this mecha-
nism plays in the polyclonal B-cell activation
that occurs in patients with AIDS. The

Table 2. HTLV-III/LAV—induced B cell immunoglobulin production. B cells were incubated for 1
hour with various dilutions of HTLV-III/LAV isolate FB-3 as described in Fig. 1. Cultures were
incubated at 37°C for 10 days and supernatants were then assayed for immunoglobulin secretion by
enzyme-linked immunosorbent assay. Data are expressed as nanograms of IgG or IgM per milliliter of
culture (= SEM for # = six cultures). The B-cell control represents B cells that were not exposed to
virus. The positive control consists of unexposed B cells cultured with irradiated autologous T cells and

pokeweed mitogen (PWM).

Experiment 1

Experiment 2

Culture
IgG IgM IgG IgM
B cells alone 500 = 150 0+0 1,300 = 100 0+0
B cells + irradiated T 4,600 = 300 15,200 = 2,950 13,700 = 1,400 25,600 = 2,450
cells + PWM*
B cells + FB-3 (1:1) 2,750 = 200 4,450 = 500 6,200 = 400 13,700 = 2,050
B cells + FB-3 (1:2) 2,000 = 100 2,100 = 100 3,950 = 500 10,900 = 1,450
B cells + FB-3 (1:4) 1,500 = 50 1,800 = 200 1,800 = 150 6,550 = 1,950
B cells + FB-3 (1:8) 200 = 50 600 = 100 3,500 = 700 2,100 = 300
B cells + FB-3 (1:16) 350 = 100 550 = 200 5,000 = 1,100 500 = 50

*The irradiated T cells received 1000 R before being placed in culture.

100

° 80

£

=

E®

R

= 60

I o

QLS

- &

& o

g g

T 9 40
Q

£ e

@

m

L

20

(%] (8 £

>

f?ﬁ,-)_ O oy

m .o %\0 D »
w g g &

& 2 B«

2

w0

-

8 8 sr 5%
< S £
S"" BT 83 m'g
o w32 2 8 <5
=)

= = =g

< T

m 7

Lo

Virus strain

Fig. 3. Comparison of the ability of different HTLV-II/LAV isolates and EBV to induce B-cell
proliferation. HTLV-III/LAV isolates FB-3 and BAG were propagated in A3.01 while L-Z84
(obtained from a Zairian patient) was propagated in PHA-stimulated peripheral blood mononuclear
cells. EBV-containing supernatants were obtained from an EBV-infected marmoset cell line (B95-8).
Undiluted virus-containing supernatants from the infected cell lines were incubated with B cells as
described in Fig. 1. Cultures stimulated with FB-3 were also performed after 3 days of exposure to FB-3
or in media containing 15% human A serum rather than FCS. Undiluted noninfected A3.01 cell line
supernatant was used as a control. All cultures were exposed to 2 pCi of [*H]thymidine and harvested
on day 4 of culture. Results show the means (= SEM) for six separate cultures.
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magnitude of the responses suggests that
this type of activation may be the major
mechanism responsible for the hypergam-
maglobulinemia in AIDS patients. Howev-
er, EBV can be isolated from virtually all
AIDS patients (12), and B-cell lines trans-
formed with this virus are quite easily ob-
tained from the peripheral blood of many of
these patients. Thus, both viruses may con-
tribute to the polyclonal B-cell activation
that is characteristic of AIDS. Nevertheless,
this new observation may explain the anec-
dotal reports of hypergammaglobulinemia
in pediatric patients with AIDS who do not
have evidence of EBV infection (13).

Previous reports of the interaction of the
AIDS virus with B lymphocytes have been
restricted to B lymphocytes that have been
infected and transformed with EBV (I14).
However, in the studies described here, B-
cell activation was independent of EBV
infection as evidenced by the fact that in
most of the experiments the healthy lym-
phocyte donors were seronegative for EBV.

Although the helper/inducer T cell is be-
lieved to be the main target of the AIDS
virus, a variety of other cells and cell lines are
capable of being infected. These include
macrophages and, as mentioned above,
EBV-positive B lymphocytes (2, 15). In all
instances, however, these cell lines, in con-
trast to peripheral blood B cells, have been
noted to have the T4 molecule on their
surface (2). The current observation of B-
cell activation by the AIDS virus in the
absence of EBV infection suggests that there
may be alternative receptor sites for the
virus.
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