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Studies of the Pathogenesis of Angioimmunoblastic Lymphadenopathy

Masaaki Honda, Howard R. Smith, and Alfred D. Steinberg

Cellular Immunology Section, Arthritis and Rheumatism Branch, National Institute of Arthritis, Diabetes,
and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, Maryland 20205

Abstract

We studied the immune functions of two patients with angioim-
munoblastic lymphadenopathy (AILD) in an attempt to deter-
mine whether the B cells were primarily hyperactive or, rather,
if T cell abnormalities might underlie the B cell hyperactivity
observed in these patients. We found that the B cells of the
AILD patients did not proliferate spontaneously, nor were they
induced to proliferate excessively by fresh normal T cells. In
contrast, AILD T cells induced both autologous and allogeneic
B cells to proliferate and to differentiate into Ig secreting cells.
Spontaneous culture supernates of T cells obtained from each
patient induced substantial proliferation of B cells (B cell-
activating activity) as well as proliferation in a standard co-
stimulatory assay (B cell growth factor activity). The culture
supernate of a T cell line, which was established from one
patient, showed both activities. The T cell line supernate also
induced Ig production by staphylococcal A Cowan-activated B
cells. None of these properties of AILD T cells was found
among 10 normal controls.

The addition of AILD T cells to autologous or allogeneic
B cells in the presence of pokeweed mitogen (PWM) led to
marked suppression of both proliferation and Ig production.
This was true even in the presence of fresh normal T cells.
Pretreatment studies showed that suppressor cells were induced
by the interaction of AILD T cells with PWMe-activated
B cells.

The present study suggests that the B cell hyperactivity
observed in AILD patients might in part be due to excessive
T cell effects on B cells. In addition, our results may help
clarify the paradoxical impaired responsiveness to in vitro
stimulation with PWM by active B cells from patients with
autoimmune diseases.

Introduction

Angioimmunoblastic lymphadenopathy (AILD)' is a disorder
that has been described in the last 30 yr (1), but which has
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1. Abbreviations used in this paper: AILD, angioimmunoblastic lymph-
adenopathy; anti-u, F(ab'), fragment of goat anti-human IgM antibody;
BCDF, B cell differentiation factor(s); BCGF, B cell growth factor(s);
[*H]TdR, tritiated thymidine; IL-1, IL-2, interleukins 1 and 2; MNC,
peripheral blood mononuclear cells; MNC-CS, culture supernate ob-
tained from MNC, PHA, phytohemagglutinin; PHA-CS, culture su-
pernate obtained from PHA; PWM, pokeweed mitogen; SLE, systemic
lupus erythematosus.
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only been accepted as a clinical and pathologic entity worldwide
for the past decade (2-5). This disorder is characterized by a
clinical picture of fever, chills, sweats, malaise, anorexia, rash,
hepatosplenomegaly, and marked lymphadenopathy. Labora-
tory abnormalities usually include hypergammaglobulinemia
and anemia, which is often Coombs positive. The diagnosis
must be confirmed histologically. The lymph nodes show a
pleomorphic infiltration that includes immunoblasts and im-
munocytes and can obliterate the normal lymph node archi-
tecture. An important diagnostic criterion is the marked ar-
borization of small vessels in the lymph node. In addition, an
amorphous acidophilic interstitial material is often prominently
found. Despite the impressive clinical and histologic abnor-
malities, the adenopathy consists of polyclonally activated
immunoblasts, often B cells, without obvious malignancy.
Nevertheless, the typical patient has a life expectancy of ~1
yr. Most patients with AILD die of infection. A minority of
patients go on to develop a frank lymphoreticular malignancy;
the potential to develop such a malignancy may possibly be
predicted on the basis of hyperdiploidy of lymphoid cells early
in the course of the illness (6). Although the clinical features
have led to the belief that AILD is a single illness, differences
have been stressed in some reports (7), and it is possible that
AILD represents a syndrome with more than one clinicopath-
ologic syndrome and/or more than one etiology.

Although the clinical and pathologic features of patients
with AILD are becoming better understood, there is consid-
erable confusion regarding the cellular abnormalities that
underlie this disorder (7-13). Most patients have an abnormal
composition of their peripheral blood leukocytes. It has been
suggested that suppressor T cell functions may be deficient in
AILD, thereby leading to B cell hyperactivity (9). Autonomous
B cell hyperactivity has been proposed by other investigators
as the major problem in the disorder (7). However, patients
with AILD may vary over time so that cellular functions may
be different at different times; moreover, the exact mechanisms
of B cell hyperactivity are not well defined by the previous
studies. Because anti-erythrocyte autoantibodies are found in
many patients (2), and there is an association with other
autoimmune syndromes (14-16), understanding the immune
basis of AILD might shed light upon other diseases as well.
For these reasons, as well as the rapidly progressive nature of
the disorder, we undertook a study of the cellular basis of
disease in two patients with AILD. We were aided in our
human studies by observations in two mouse strains, MRL-
Ipr/lpr and C3H-gld/gld. These two strains also develop massive
lymphadenopathy, hypergammaglobulinemia, and autoanti-
bodies (17-20). Their T cells produce factors that can activate
B cells and drive them to proliferate and become immuno-
globulin secreting cells (17). Therefore, our studies attempted
to determine whether AILD B cells were spontaneously hyper-
active or whether an excess of helper T cell function might
underlie the syndrome. The studies suggest that AILD T cells
activate B cells and drive them to proliferate and to produce



immunoglobulin. We also conducted experiments to explain
the paradoxical impaired responsiveness to in vitro stimulation
with pokeweed mitogen by B cells which are active in vivo

(21-25).

Methods

Patients and source of lymphocytes and plasma. Patients with AILD
and systemic lupus erythematosus (SLE) were hospitalized at the
Clinical Center, National Institutes of Health, Bethesda, Maryland; the
patients agreed in writing to being studied according to an approved
informed consent form. The patients with AILD had classic lymph
node histology and clinical symptomatology (2-5). They were studied
early in the course of their illness. Lymphocytes and plasma from the
patients with AILD used in in vitro studies were obtained before any
treatment. Plasma of patients with AILD used in this study had been
fresh frozen and had not been previously thawed. All plasma were
centrifuged at 13,000 g for 15 min at 4°C to remove aggregated
materials before use.

Isolation of T cells, B cells, and monocytes. Peripheral blood
mononuclear cells (MNC) were isolated by Ficoll-Hypaque gradient
centrifugation. T cells, and non-T cells were separated from MNC by
rosetting with neuraminidase-treated sheep erythrocytes (26, 27). Doubly
purified nonrosetting cells were twice depleted of monocytes by removal
of cells adhering to plastic petri dishes. The percentage of T cell
contamination in the nonadherent, nonrosetting B cell population was
<1%. For some experiments, B cells were further treated with OKT3
monoclonal antibody plus complement to obtain B cells greatly
depleted of T cells. After this additional purification, T cell contami-
nation in the B cell enriched population was <0.5%. Monocyte
contamination in the B cell-enriched population was 10-20% as
determined by esterase staining.

Development of a T cell line from an AILD patient. MNC,
2 X 10%, were cultured in RPMI 1640 with 10% fetal calf serum, 5
X 1075 M 2-mercaptoethanol, 1% L-glutamine, penicillin (100 U/ml),
streptomycin (100 ug/ml), and 20 ng/ml phorbol myristate acetate for
1 wk. After harvesting the MNC culture supernate (MNC-CS), these
precultured MNC were separated into a T cell-enriched population by
the E-rosette method. These separated T cells were cultured with
irradiated autologous non-T cells or an irradiated Epstein-Barr virus-
transformed B cell line for one week alternating with phytohemagglutinin
(PHA) culture supernate (PHA-CS) for 1 wk. After ~1 mo, a T cell
line was established. To obtain the T cell culture supernate, the
separated T cells were washed well and then 1 X 10%ml of T cells
were cultured in the same medium mentioned above for 1 wk, and
the culture supernate was harvested for in vitro studies. T cell lines
from patients with SLE were also established by the same method.

Flow cytometry. 10° cells/0.1 ml of sorter buffer (phosphate-
buffered saline containing 0.05% bovine serum albumin and 0.1%
sodium azide) were incubated with each monoclonal antibody for 30
min on ice, washed twice with sorter buffer, and then stained with the
F(ab'), fragment of fluoresceinated goat anti-mouse IgG for 30 min on
ice. After an additional three washes, these cells were analyzed on a
fluorescence-activated cell sorter (FACS IV, Becton-Dickinson & Co.,
Mountain View, CA). For some experiments, fluorescein-conjugated
monoclonal antibodies were used.

Monoclonal antibodies. OKT 3, OKT 4, OKT 8, OKT 9, and
OKT 10 monoclonal antibodies were purchased from Ortho Diagnostic
Systems Inc., Raritan, NJ. Leu-10 and anti-HLA-DR were purchased
from the Becton-Dickinson Monoclonal Center, Inc., Mountain View,
CA. Anti-Tac was kindly provided by Dr. T. A. Waldmann, National
Cancer Institute.

Study of culture supernate, plasma, or T cell line of AILD patients
on B cell activation, proliferation, and differentiation. To assay B cell
activating activity, highly purified B cells, 10°, suspended in RPMI
1640 containing 10% fetal calf serum, 5 X 10~5 M 2-mercaptoethanol,
1% L-glutamine, penicillin (100 U/ml), and streptomycin (100 pug/ml),

were cultured in 96-well flat-bottomed microtiter plates (Costar, Data
Packing, Cambridge, MA) with culture supernate or plasma, or irradiated
T cell line (10°%) in the presence or absence of the F(ab’), fragment of
goat antihuman IgM antibody (anti-x) (final concentration: 25 ug/ml;
Cappel Laboratories, Inc., Cochranville, PA) in a 95% air/5% CO,
humid atmosphere at 37°C for 72 h, and pulsed with 1 uCi of
[*H]thymidine (New England Nuclear, Boston, MA). For a B cell
growth factor (BCGF) standard, we used a PHA culture supernate
obtained from Electronucleonics, Inc., Silver Spring, MD. This PHA
culture supernate (PHA-CS) did not contain PHA or immune interferon
and was used as a BCGF source after absorbing it with concanavalin
A-activated T cells to remove irrelevant factors capable of binding to
activated T cells. Incorporation of [*H]thymidine was measured in a
liquid scintillation counter. For some experiments, highly purified B
cells (10%) were cultured with irradiated (2,000 rad) fresh T cells or an
irradiated (3,000 rads) T cell line (10° T cells) in the presence of
pokeweed mitogen (PWM; 1:100 dilution; Gibco Laboratories, Grand
Island, NY). In other experiments, irradiated fresh T cells or a T cell
line (10° T cells), or culture supernate were added to the culture
consisting of highly purified B cells (10°) plus anti-x (25 pg/ml) and
BCGF to study whether or not the T cell line or culture supernate of
AILD patients has additive or synergistic effects on B cell proliferation.

The ability of a T cell line to induce Ig synthesis was examined.
Briefly, 2 X 10° B cells were cultured with various numbers of irradiated
(3,000 rad) T cells in the presence or absence of PWM (1:100 dilution)
for 10 d. To study the ability of a culture supernate to induce B cells
to produce immunoglobulin, B cells, 2 X 10%/ml, were cultured with
formalin-fixed staphylococcal A cells (final concentration, 0.001%;
Bethesda Research Laboratories, Inc., Gaithersburg, MD) for 3 d. After
washing, preactivated B cells, 2 X 10° were cultured with various
amounts of culture supernate for an additional 5 d. Culture supernates
were harvested, and polyclonal Ig synthesis was measured by enzyme-
linked as immunosorbent assay described previously (19). For a B cell
differentiation factor (BCDF) standard, PHA and immune interferon
free PHA-CS was used. For some experiments, fresh B cells or a T cell
line (10° cells) were precultured with PWM (1:100 dilution) for 30 h.
After washing thoroughly, cell mixing studies were carried out to
determine the effect of T cells on Ig synthesis of B cells.

Interleukin-1 (IL-1) assay. The IL-1 assay was performed as
described (28). Briefly, a single cell suspension of thymocytes (1.5
X 107/ml) from C3H/HeJ mice was prepared and suspended in RPMI
1640 with 5% fetal calf serum, 2.5 X 10~° M 2-mercaptoethanol 2
mM L-glutamine, and antibiotics. Thymocytes were cultured for 72 h
at 1.5 X 10° cells/well in 96-well flat-bottomed plates in the presence
of 1 ug/ml PHA (Wellcome Reagents Division, Research Triangle
Park, NC) and serial dilutions of the test samples. Cultures were pulsed
for the final 5 h with 0.5 xCi [*H]thymidine.

Interleukin-2 (IL-2) assay. Plasma or supernates from NMC, T
cells, or a T cell line were tested for their ability to maintain the
growth of the IL-2-dependent HT-2 T cell clone (29). Briefly, triplicate
wells containing 4 X 10° HT-2 cells were suspended in 100 ¢ of
medium and incubated with an equal volume of various concentrations
of the test samples for 24 h. The cultures were then pulsed with 1 xCi
of [*H]thymidine 5 h before harvest.

Production of a monoclonal antibody (33.2.1) against human B
cells. A monoclonal antibody against human B cells (33.2.1) was
established as described previously (30), and characterized in our
previous paper (31). Briefly, this antibody recognizes an Ia-like deter-
minant on non-T cells (a 28,000/32,000-mol wt heterodimer) and
interferes with B cell activation more effectively than conventional
anti-HLA-DR and anti-HLA-DS/DC reagents.

Results

Studies of AILD T cells. Because AILD is characterized by
marked numbers of immunoblasts and production of large
amounts of antibody, we wished to study whether the T cells
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might be important in the induction of B cell activation,
proliferation, and/or differentiation. Either the AILD T cells
are important in such induction or the AILD B cells are
spontaneously hyperactive or non-T cell stimuli (e.g., exogenous
agents) might be responsible for the B cell hyperactivity.

We obtained fresh MNC from two patients with AILD
and studied their ability to induce B cell proliferation and
differentiation. We found that spontaneous culture supernate
of T cells obtained from each patient induced substantial
proliferation of B cells (B cell activation activity) as well as
proliferation in a standard costimulatory assay (BCGF activity)
(Table I). Neither of these properties of AILD T cells was
found among 10 normal controls studied at the same time
and in an identical manner. In addition, there was no detectable
IL-1 or IL-2 activity in the AILD T cell supernates. The whole
mononuclear cell supernate (MNC-CS) did not have B cell
activating or BCGF activities. In that this is the same population
from which the T cells were obtained for the T cell supernate,
we presume that either other cells are capable of inhibiting
production of the factor(s), or, more likely, that they can
absorb out or conceivably destroy the factors. In Table I we
have listed the results of the assay for B cell activating factor

Table I. B Cell Activating Activity and
BCGF Activity of Spontaneous Culture Supernate
or Plasma of Patients with AILD*

B cell
Plasma activating activity BCGF IL-1 IL-2
AILD no. | 0 0 ND ND
MNC-CS 0 0 0 0
T-CS + + 0 0
AILD no. 2 0 0 ND ND
MNC-CS 0 0 0 0
T-CS + + 0 0
TCL-CS + + 0 0
Normal (n = 10) 0 0 ND ND
MNC-CS 0 0 0 0
T-CS 0 0 0 0

MNC-CS, mononuclear cell culture supernate; ND, not determined;
T-CS, T cell culture supernate; TCL-CS, T cell line culture super-
nate.

Criteria for positive B cell activating activity or BCGF activity.

(a) Criteria for positive B cell activating activity:

actual counts per minute — counts per minute
by B cell alone
counts per minute by B cell alone

Normal T-CS is <3; PHA-CS absorbed by Con A-T cells is <5.
(b) Criteria for positive BCGF activity:

Positive: >5 =

actual counts per minute — counts per minute
by B cells stimulated with anti-u

Positive: >3 = . - n - —.
counts per minute by B cells stimulated with anti-u

Activity of B cell activating factor(s) and BCGF was examined by us-
ing at least two different normal individuals as a source of B cells.

* Each activity was assayed by the methods described in Methods.
Experiments were repeated three times with similar results. The pro-
liferation induced by the AILD T-CS was significantly greater than
that induced by normal T-CS, P < 0.0001.
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(assayed by addition of supernate to B cells without anti-u) as
separate from the assay for BCGF (assayed on B cells plus
anti-u, the standard co-stimulatory assay). Whether or not
these are different factors remains to be determined. Of interest,
the plasma of the patients did not contain measurable activity.
(This, however, may be a false negative result due to any of
several possibilities including binding to or inhibition by serum
proteins).

Patients with AILD are often quite ill and require vigorous
therapy. We did not want to depend on fresh T cells from our
patients, whom we knew would receive therapies that could
alter their cellular functions. To study systematically the
properties of the AILD T cells and to obtain enough supernate
to do many studies, we tried to establish a T cell line from
bath patients. We were successful with one. The T cell line
was 100% OKT 3* OKT 4%, and also expressed activated cell
markers: OKT 9 (transferin receptor) 27%, OKT 10 (activated
T cell marker) 39%, Leu-10 (HLA-DS/DC/MB) 10%, HLA-
DR 28%, and Tac (IL-2 receptor) 29%.

Ability of the AILD T cell line to induce proliferation of
autologous and allogeneic B cells. The AILD T cell line was
compared with fresh normal T cells and T cell lines from two
patients with SLE for the ability to induce B cells to proliferate.
All T cells were irradiated before culture so that their contri-
bution to the proliferation would be eliminated (this was
confirmed; data not shown). We found that the fresh normal
T cells failed to induce dramatic proliferation of B cells. This
was true whether allogeneic or autologous B cells were used
(Table II). Moreover, the AILD B cells did not proliferate
spontaneously (data not shown), nor were they induced to
proliferate by fresh normal T cells (Table II). In contrast, the
AILD T cell line induced both allogeneic and autologous B
cells to proliferate dramatically (Table II). The SLE T cell
lines also induced significant proliferation; however, this was
not as great as that induced by the AILD T cell lines.

Ability of the AILD T cell line to induce B cells to produce
immunoglobulin. We next asked whether, in addition to in-
ducing proliferation of B cells, the AILD T cell line could
induce Ig secretion. The data in Table III show that the AILD
T cell line can, in fact, induce Ig production by unstimulated

Table II. Ability of the AILD T Cell Line, but Not
SLE T Cell Lines or Fresh T Cells, to Induce
Proliferation of Autologous or Allogeneic B Cells*

Irradiated T cells B cells Expt. | Expt. 2 Expt. 3
Acpmit Acpmi Acpmi

Fresh + autologous 68 119 364
Fresh + AILD 101 115 98
AILD line + autologous ND 9,008 12,148
AILD line + allogeneic 8,681 12,477 48,640
SLE line no. 1 + autologous 1,320 1,115 ND

SLE line no. 1 + allogeneic 1,854 2,520 5,528
SLE line no. 2 + autologous 613 519 ND

SLE line no. 2 + allogeneic 1,126 1,420 3,841

* B cells (10%) were cultured with irradiated T cells (10°) for 3 d.

[P*H]TdR was added for the last 16 h of culture.

1 Results were expressed as Acpm (mean counts per minute by B
cells plus irradiated T cells — mean counts per minute by B cells
alone). Standard errors of the means were <15% of the means.



Table III. Ability of the AILD T Cell Line to Induce Autologous
or Allogeneic B Cells to Produce Immunoglobulin*

Table IV. Effects of Culture Supernate of T Cell Line Obtained
Jfrom AILD Patient on Activation of B Cells to Proliferate*

1g production§ B cells cultured with Experiment 1 Experiment 2
Cell combination} Expt. 1§ Expt. 2  Expt. 3t Expt. 4 mean cpmt mean cpm}
ng/ml ng/ml ng/ml ng/ml 0 322 851
Anti-g 1,234 2,225
B 8 8 13 10
B + PWM 4 5 25 10 BCGF . 1,561 2,588
B + Fresh autologous T 8 8 10 2 Culture supernate of AILD T cell line 6,633 15,346
ogous Anti-u + BOGF 5,450 38,219
B + Fresh autologous T .
Anti-u + culture supernate 8,750 36,540
+PWM 331 604 6935 6472 )it + BCGF + culture supernate 10,000 75,373
B+ AILD Tcell line 604 653 317 224 " pe . :

* B cells (2 X 10°) and irradiated T cells (2 X 10°) were cultured for
10 d with or without PWM and the supernates were harvested and
analyzed for Ig production by the enzyme-linked immunosorbent
assay.

1 For exps. 1 and 2, all cells were obtained from the AILD patient.
For exps. 3 and 4, fresh T and B cells were obtained from a single

normal donor.
§ Total Ig (IgM + IgG + IgA) was measured. Standard errors were

<20% of the means.

B cells. The Ig production induced was as great as that induced
by the combination of fresh T cells plus PWM in the autologous
assay (Table III, exps. 1 and 2). When B cells were obtained
from normal donors, the combination of fresh T cells plus
PWM induced much more Ig production than that induced
by the AILD T cell line, but the AILD T cell line was still
able to induce normal B cells to produce Ig (Table III, exps. 3
and 4).

Additional studies with the T cell line were carried out
with regard to both proliferation and differentiation (these are
presented later); however, we next wished to ask whether a
soluble factor or factors from AILD T cells or the T cell line
might be responsible for the activation and differentiation of
B cells. As a result, we obtained culture supernates from the
AILD T cell line and performed the following studies.

Ability of the supernate from the AILD T cell line to
activate B cells to proliferate. B cells from normal donors were
stimulated with one of the following: anti-u, BCGF, or the
AILD supernate. Anti-u or BCGF separately induced modest
proliferation with an increase in tritiated thymidine (*H]JTdR)
incorporation of about three- to fourfold (Table IV). The
greatest degree of proliferation was induced by the supernate
of the AILD T cell line (~20-fold) (Table IV).

The addition of anti-u to the cultures containing B cells
plus the AILD T cell line supernate led to an additional
increase of ~1.5-2-fold in proliferation (Table IV). The ad-
dition of the AILD supernate to the combination of anti-u
+ BCGF led to another increase in [PH]JTdR incorporation
(Table IV). This result suggested that the AILD supernate had
a factor or factors that could stimulate a population of B cells
to proliferate. Because the population of B cells used was not
depleted of B cells partially activated in vivo, it is possible that
the proliferation induced by anti-u alone or by BCGF alone
represented addition to a signal already received in vivo before
the cell separation and culture.

A dose-response curve for the AILD T cell line supernate
was performed in three different experiments. With increasing

* Highly purified B cells (10°) were cultured with anti-u (25 ug/ml),
BCGF, culture superndte, or the combination of them for 3 d.
[H]TdR was added for the last 16 h of culture.

1 Results were expressed as mean counts per minute of triplicate cul-
tures. Standard errors of the means were <15% of the means.

amounts of supernate, there was increasing proliferation of
allogeneic normal B cells (data not shown). The magnitude of
the increase reached 50 times control proliferation. In contrast,
the ability of the AILD T cell supernate to augment the
proliferation of a stimulated (by 25 ug/ml anti-u) population
of B cells was marginal (less than twofold).

Ability of the AILD T cell line supernate to induce immu-
noglobulin production: Normal B cells were activated with
formalin-fixed Staphylococcal A Cowan I (Sac) organisms for
3 d. The B cells were washed and then either PHA culture
supernate or the AILD T cell liné supernate was added and
the cells were cultured for an additional 5 d. The AILD T cell
culture supernate, like PHA-CS, also was able to induce Ig
production, but not quite to the same magnitude (Table V).
We conclude from this experiment that the AILD supernate
had BCDF activity as well as the prior demonstrated BCGF
activity. During these experiments we found that unactivated
B cells were not induced to produce Ig by PHA-CS. Finally,
unactivated B cells were not induced to produce Ig by 25 ug/
ml anti-u or the AILD T cell supernate. This last result may
not be a true reflection of the capacity of the AILD supernate,

Table V. Effects of Culture Supernate of the AILD T Cell Line
on Ig Production by Fresh B Cells or Sac-activated B Cells*

B cells (2 X 10°) Source of BCDF Ig production
ng/ml

Fresh B PHA-CS 25% <1

Fresh B AILD-CS 25% <l

Fresh B Anti-u 25 pg/ml 2

Sac-activated B 0 1

Sac-activated B PHA-CS 25% 830

Sac-activated B AILD-CS 25% 295%

* Fresh B cells or Sac-activated B cells (2 X 10°) were cultured with
PHA-CS or culture supernate obtained from the AILD T cell line, or
with anti-x. The supernates were harvested as described in Methods,
and analyzed for immunoglobulin production. Standard errors were
<20% of the means. This experiment was repéated twice.

1 Significantly greater than with fresh B cells, P < 0.001, but signifi-
cantly less than PHA-CS with Sac-activated B cells, P < 0.05.
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but rather our inability to sequentially provide the proper
factors in the proper concentrations from the AILD supernate.

Effect of the AILD T cell line on B cell proliferation in the
presence of PWM. A series of experimerits was initially set up
to determine whether there might be an additive or synergistic
effect of AILD T cell stimulation on B cells plus PWM
stimulation. In these experiments, the AILD T cells were
compared with fresh T cells autologous to the normal B cells
under study. The fresh irradiated T cells failed to stimulate B
cell proliferation very much. In contrast, the AILD T cell line
was a very effective stimulus for B cell proliferation (Table
VI). Whereas the fresh T cells caused only a twofold increase
or less, the AILD T cell line caused a 19-30-fold increase.
However, the combination of fresh T cells plus PWM caused
as good proliferation as did the AILD T cells. Thus, the AILD
T cells provided an extremely strong proliferative signal. When
PWM and the AILD T cell line were combined, the result was
not a further increase, but rather, a decrease of 60% (Table
VI). We then asked whether this was a result of suprastimu-
lation. No evidence for this could be found in that further
addition of anti-u and/or PHA-CS to the culture of the AILD
T cell line plus B cells (without PWM) led to even more
proliferation (data not shown). Thus, there appeared to be
something special about the combination of stimulation with
PWM plus the AILD T cell line which led to suppression of
B cell proliferation relative to that observed with the AILD T
cell line alone. We pursued this observation in the hope that
it might shed some light upon the previously reported defect
in the SLE MNC response to PWM as well as on the AILD T
cells.

This suppression in association with PWM was further
studied in a mixing experiment in which both the AILD T
cell line and fresh T cells were added to cultures of B cells,
and total Ig was assayed (Fig. 1). The fresh T cells plus PWM
led to Ig production as did the AILD T cell line without
PWM. However, the AILD T cell line plus PWM, with or
without fresh T cells, led to marked suppression. This result
suggested that PWM might be inducing the AILD T cell line

Table VI. Although the AILD T Cell Line Has
Marked Stimulatory Effects on B Cells, in the
Presence of PWM Suppression Is Observed*

Regulatory T cells PWM Experiment 1 Experiment 2 Experiment 3
mean cpm§ mean cpm§ mean cpm§
Fresh T cells 0 584 963 565
AILD T cell line 0 9,197 14,967 16,387
Fresh T cells + ND 13,686 9,424
AILD T cell line + ND 5,692 5,180

Proliferation of unstimulated B cells was: experiment 1, 516 cpm; ex-
periment 2, 456 cpm; experiment 3, 469 cpm.

* Highly purified B cells (10°) were cultured with irradiated regula-
tory T cells (10°), with or without PWM (1:100 dilution).

1 Fresh T cells (10°), and B cells (10°) were obtained from the same
normal donor. Fresh T cells and the T cell line were irradiated with
2,000 and 3,000 rad, respectively.

§ Results were expressed as mean counts per minute of triplicate cul-
tures. Standard errors of the means were <15%. This experiment was
repeated three times with similar results.

I Significant decrease, P < 0.01, compared to both AILD T cell line
+ PWM or fresh T cells + PWM.
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Figure 1. Effects of T cell line on polyclonal Ig synthesis. Fresh B
cells (2 X 10°) were cultured for 10 d with irradiated fresh T cells
and/or the irradiated T cell line in the presence or absence of PWM.
The supernates were harvested and analyzed for immunoglobulin
(IgG + IgM + IgA) production. Standard errors of the means were
<20% of the means.

to suppress B cell Ig production, a suppression which could
not be overcome by fresh T cells.

Suppression in the presence of PWM maps to the B cell.
To determine whether the PWM effect was on B cells or on
the AILD T cell line, B cells and T cells were separately
preactivated by PWM. Preactivated T cells were effective
helpers for fresh B cells in the absence of PWM (Table VII,
line 3). In contrast, preactivation of the B cells prevented
induction of Ig production by the AILD T cells (Table VII,
line 8). This was true even when fresh T cells were added.
These results suggest that the AILD T cell line fails to stimulate
preactivated B cells to secrete Ig, perhaps because the PWM
signal in some way preempts the AILD T cell line signal. In
addition, however, the AILD T cells suppressed the stimulatory
capacity of fresh T cells on preactivated B cells (Table VII,
lines 7 and 9).

Finally, we examined whether during culture in the presence
of PWM cytotoxic T cells against B cells might be induced.
For this purpose fresh B cells were cultured with the AILD T
cell line in the presence or absence of PWM for 3 d, then the
viability of the B cells was studied. The B cells’ viability with
PWM and without PWM was similar. Thus the suppression
by the AILD T cell line observed in the presence of PWM
appears not to be due to the induction of cytotoxic T cells
by PWM.

Effect of a monoclonal antibody that inhibits early events
in B cell activation. We have recently developed a monoclonal
antibody which recognizes a new la-like determinant on B
cells (31). We have taken advantage of that antibody to test
whether or not it might interfere with the ability of AILD T
cells to activate B cells, and thereby provide information
regarding the activation of B cells by the AILD T cells. This
study, shown in Table VIII, demonstrates that the antibody
inhibited the proliferation of B cells in response to stimulation
by the irradiated AILD T cells alone, in the presence of anti-
u, or in the presence of anti-u plus BCGF. Although the
inhibition was significant and substantial, it was not complete;
moreover, there was little inhibition of the response of B cells
to PWM + AILD T cells. In that the AILD T cells might have
more than one effect on B cells, the supernate of the AILD T



Table VII. Effect of PWM Preactivation of B Cells
or AILD T Cells on Induction of Suppression

Fresh

irradiated Irradiated AILD
B cells* T cells* T cells* PWM Ig

ng/ml

Fresh 0 + 0 450
Fresh 0 + + 21%
Fresh 0 PWM-preactivated 0 304§
Fresh 0 PWM-preactivated + 25¢
PWMe-activated 0 0 + 3
PWM-activated + 0 0 44
PWM-activated + 0 + 657
PWM-activated 0 + 0 21
PWMe-activated + + + 361

A number of controls not shown were as follows: fresh B cells alone
(<1 ng/ml) or with PWM (<1); PWM-activated B cells alone (12);
PWM-activated B cells + AILD T cells + PWM (2); PWM-activated
B cells + fresh T cells + AILD T cell line without PWM (16).

* Fresh B cells or PWM-preactivated B cells (2 X 10°%) were cultured
with fresh irradiated T cells (2 X 10°) or cells (4 X 10°) from the
AILD T cell line which were either preactivated with PWM or not
and then irradiated. Cultures were with or without PWM for 10 d
after which supernatants were harvested and analyzed for Ig produc-
tion. Fresh B and T cells were from the same patient. Standard errors
were <20% of the means. This experiment was repeated twice with
similar results.

1 Significant suppression compared with cultures without PWM,

P <0.01.
§ Not significantly different from the result with nonpreactivated

AILD T cells.
I Significantly less than the same culture containing fresh B cells,

P < 0.01.
1 Significantly less than the same culture without AILD T cell line

(657 ng/ml), P < 0.01.

cell line was also studied (Table IX). In this study, the antibody
33.2.1 was able to completely overcome the stimulatory effects
of the AILD T cell supernate. Control monoclonal antibodies

had no effect.
Discussion

In this study, we found that the T cells of two patients with
AILD and a T cell line from one produce a factor or factors

that activate autologous and allogeneic B cells and induce
them to proliferate and secrete immunoglobulin. Whereas the
AILD T cells had abnormally increased inducer and helper
activity for B cells, the AILD B cells did not manifest excessive
responsiveness to T cell signals nor were they spontaneously
hyperactive. Thus, AILD patients examined in our study
appeared to suffer from excessive T cell effects on B cells. A
very similar mechanism for B cell hyperactivity has been
described recently for Kawasaki disease (32). In addition, our
studies are reminiscent of those of Clement et al. (33), which
demonstrated that mitogen activated T cells could induce
proliferation of small, resting B cells. These results suggest the
possibility that an endogenous mitogen might be activating T
cells in AILD and that the activated T cells, in turn, drive the
B cells.

The ability of the AILD T cell supernates to induce B cell
proliferation was assessed in two assay systems. The first
measured B cell activating function in that B cell proliferation
was induced without addition of anti-u or other B cell mitogens.
The second assay was a standard co-stimulatory assay; highly
purified B cells were cultured with the AILD or control T cell
supernates in the presence of a suboptimal dose of anti-u. In
these assays, T cells were carefully removed from B cell
populations, a depletion that was confirmed both by cell sorter
analysis and failure to respond to T cell mitogens. However,
because the B cell population may not have been depleted of
partially activated B cells, it is possible that the proliferation
induced by anti-u alone or by BCGF alone represented addition
to a signal already received in vivo before cell separation.
Moreover, we do not know in this study whether the two
assays measuring B cell activation or co-stimulation are mea-
suring the same or different factors, nor whether any of the
activities involve multiple factors. We do know that the culture
supernates do not contain measurable amounts of IL-1 or IL-
2; therefore, there was not a mere excessive production of all
cytokines. Further study will be required for a full analysis of
the factor or factors produced by the AILD T cells.

Previous studies have demonstrated spontaneous Ig pro-
duction by MNC from AILD patients (8). Our findings are
consistent with those reports in that AILD T cells plus AILD
B cells led to proliferation and Ig production (7, 10, 11).
However, in a previous study, AILD T plus AILD B plus
PWM did not lead to proliferation (7) or to Ig production
(10); unfortunately, those studies did not examine AILD T
plus AILD B without PWM as we have. As a result, they may

Table VIII. Monoclonal Antibody (33.2.1) Inhibits B Cell Activation and Proliferation by the AILD T Cell Line*

Regulatory T cells and/or

B + anti-u + BCGF

monoclonal antibody B B + PWM B + anti-u
mean cpmt mean cpmi mean cpmi mean cpmi
0 469 623 507 9,978
Normal T cells 565 9,424 936 14,984
T cell line 16,387 5,180 33,088 50,725
T cell line + anti-DNA 15,942 4,873 28,341 52,386
T cell line + 33.2.1 6,190 [—62.0]§ 4,480 [—13.5)§ 7,968 [—75.91§ 23,204 [—54.3]1§

* Highly purified B cells (10°) were cultured with one of the following or with a combination of them in the presence or absence of monoclonal
antibody (33.2.1; 5 ug/ml) or a control anti-DNA monoclonal antibody, 5 ug/ml; PWM (1:100 dilution); anti-u (25 ug/ml); BCGF (20% vol/
vol); irradiated regulatory T cells (10°). Cultures were incubated for 3 d. [P H]TdR was added the last 16 h of culture. } Standard errors were

<15%.

§ [ ] indicate % suppression by monoclonal antibody.
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Table IX. Monoclonal Antibody (33.2.1) Inhibits B Cell Activation and Proliferation by the AILD T Cell Line Culture Supernate*

Culture supernate and/or

monoclonal antibody B B + anti-u B + anti-u + BCGF
mean cpm§ mean cpm§ mean cpm§

0 257 2,225 23,864

AILD-CS 7,673 25,549! 37,6871

AILD-CS + 33.2.1% 616 [-92.0]"

2,325 [—90.9]"** 1,740 [—95.4]T**

* Cultures were performed as in Table 8 except that the culture supernate obtained from the AILD T cell line (AILD-CS) was used instead of
the T cells themselves. } A control anti-DNA monoclonal antibody did not suppress (data not shown). § Results were expressed as mean

CPM of triplicate cultures. Standard errors of the means were <15%. An additional two experiments were performed and similar results were
obtained. ! Final concentration of culture supernate is 40%. ¥ Final concentration of culture supernate is 20%. ** [ ] indicate % suppres-

sion by monoclonal antibody.

have come to an incomplete conclusion based upon their
finding of proliferation when AILD B cells were cultured with
normal T cells plus PWM. This result led to the conclusion
that the AILD B cells were hyperactive. Our studies of the
effects of PWM clarify the issue. In the presence of PWM, the
AILD T cells led to marked suppression of Ig production. This
is consistent with the findings of the incomplete studies cited
above (7, 10, 11). Moreover, such suppression was observed
even in the presence of normal T cells. Preactivation experi-
ments implicated PWM-activated B cells in the induction of
the suppression. This last result confirms previous reports of
activated B cells inducing suppression (34, 35).

In the present study, we used the AILD T cells, their
supernates, and a T cell line established from one of the
patients. The T cell line was used in an attempt to carry out
studies despite treatment of the patients. Although all of the
cells in the T cell line were OKT 4*, we recognize that the
line might have been heterogeneous. The PWM suppression
studies suggest that the T cell line contained, in addition to
helper cells, cells that participated in suppression. Alternatively,
a single OKT 4* cell might have been able, under different
conditions, to provide either helper or suppressor functions.
Previous studies have demonstrated the ability of OKT 4*
cells to suppress as well as serve as inducers and helpers (36,
37). Moreover, we have recently cloned the AILD T cell line
and have been able to separate a clone which is able to mediate
helper functions but not suppressor functions. Thus, we believe
that the different functions observed with the AILD T cell line
might well derive from the functional heterogeneity within the
line. Although the line does not mirror the T cell population
in vivo, we believe that the T cell line represents cells which
are critical to the AILD disease process.

The PWM suppression study may shed some light on
previous studies of patients with SLE. Such patients manifest
B cell hyperactivity in vivo and yet often have very poor
responses to stimulation with PWM in vitro (21-25). It is
possible that PWM induces suppression in those circumstances
similar to the way that it induced suppression with the AILD
cells.

Other studies of immune abnormalities in patients with
AILD have implicated Epstein-Barr virus (38), impaired sup-
pressor T cell function (9), and autonomous B cell hyperactivity
(7). Moreover, occasional patients with AILD have been found
to manifest impaired Ig production (10). Two explanations are
possible for such diversity. The first is that patients may have
different immune abnormalities at different stages of their
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disease. It is clear that some patients have hypergammaglob-
ulinemia at one stage and either a severe infection or a
lymphoreticular malignancy at another. Whereas excessive T
cell driven B cell function might occur at the first stage,
impaired immune function might be caused by or result in
the latter complications. In fact, excessive monocyte inhibition
of B cell function has been implicated in the late hypogam-
maglobulinemia (10). Our patients have been studied relatively
early in the course of their illness; we believe that the present
observations may account for the B lymphoblasts and hyper-
gammaglobulinemia. Just as autoimmune MRL-Ipr/lpr mice
eventually fail to respond well to immune stimulation after
the lymphoproliferative process is well underway (39), so AILD
patients may fail to respond to exogenous immune stimulation
and thereby be susceptible to exogenous infections.

A second explanation for different findings in different
patients with AILD is that the syndrome may have different
causes. Previous authors have stressed differences among pa-
tients with AILD (2-4, 6, 40-42). Thus, one group could be
an extreme example of autoimmune lymphoproliferation and
another group of AILD patients an early form of a lymphoid
malignancy. However, it is not always easy to distinguish those
two possibilities as many years of study of autoimmunelym-
phoproliferative mice indicate. Those mice often, but not
invariably, carry retroviruses (43). The recent discovery of
human retrovirus diseases (44-50) certainly raises the possibility
that retroviruses may play a role in AILD. Just as infectious
mononucleosis and Burkitt’s lymphoma differ in being benign
and malignant lymphoproliferation resulting from Epstein—
Barr infection, so AILD may represent benign or malignant
lymphoproliferation resulting from infection with one or more
viruses. Inasmuch as studies of patients with Epstein-Barr
infections have been quite informative, further study of AILD
will undoubtedly shed light on various aspects of immune
dysregulation in humans.

Our finding of T cell driven B cell hyperactivity could
conceivably be exploited therapeutically. Current therapy of
AILD is marred by the desire to control the lymphoproliferation
and yet not further predispose the patient to the infectious
complications that claim the lives of the majority of AILD
patients. It might be possible to interfere selectively with
certain T cell functions while leaving others intact. Alternatively,
a direct effect on the B cells might be attempted. In this
regard, our in vitro inhibition of T cell driven B cell activation
with an anti-la-like antibody suggests the possibility that one
might be able to modulate early events in B cell activation so



as to reduce but not eliminate B cell functions. Such a titration
could, conceivably, allow the patient to experience a clinical
benefit without the requirement for toxic drugs. Clearly much
future research is necessary before such ideas leave the realm

of speculation.
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