Induction of B Cell Apoptosis by THO, but not TH2, CD4* T Cells
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Abstract

Engagement of the T cell receptor molecules with MHC-
antigen complexes presented by B cells ascertains antigen
specificity in T cell-dependent help. Ligation of MHC mole-
cules on the surface of B cells, however, has not only been
implicated in antigen-specific T-B cell interaction, but has
also been linked to the induction of B cell apoptosis. To
examine the role of T helper cells in either induction of
immunoglobulin synthesis or B cell apoptotic death, we have
facilitated T cell receptor—MHC interaction through a bac-
terial superantigen. CD4* T cell clones could be categorized
into two clearly distinct subsets based upon their ability to
promote B cell help in the presence of superantigen. One
subset of T cell clones supported immunoglobulin synthesis,
and thus functioned as effective helper cells. B cells inter-
acting with the second subset of T cells did not differentiate
into antibody-secreting cells, but underwent apoptosis. Both
types of helper cells were able to provide contact help after
anti-CD3 stimulation. Induction of apoptosis was a domi-
nant phenomenon; the addition of the superantigen sup-
pressed immunoglobulin production in B cells activated by
anti-CD3-stimulated helper T cells, indicating that the T
cells delivered an apoptotic signal to the B cell. T cell clones
providing effective MHC restrictive B cell help could be
distinguished from T cells facilitating B cell apoptosis based
on their lymphokine secretion profile. Induction of B cell
apoptosis was a feature of T cells with a THO lymphokine
pattern. Promotion of MHC-restricted B cell help was asso-
ciated with a TH2 lymphokine profile. TH1-derived cyto-
kines alone could not substitute for apoptosis-inducing T
cells. (J. Clin. Invest. 1995. 95:564-570.) Key words: MHC
molecules + T-B cell interaction - autoimmunity « tolerance

Introduction

T cell-dependent B cell activation is a multistep process involv-
ing contact help and the action of T cell-derived cytokines (1).
Contact help is mediated by a number of molecular interactions
between cell membrane proteins expressed on T and B cells
(2). One receptor ligand pair which appears to have a crucial
contribution in T-B cell interaction is the CD40 molecule pair-
ing with its ligand (2—4). CD40 is constitutively expressed on
B cells and B cells can be stimulated to proliferate and differen-
tiate in the presence of immobilized anti-CD40 antibodies (5—
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8). The CD40 ligand is transiently expressed on helper T cells
and participates in contact help (9-11). Contact help per se
is antigen nonspecific. Specificity of the antibody response is
maintained by the antigen-specific stimulation of the T cell
required for CD40 ligand expression. B cells can process and
present antigen to the T cell and, therefore, induce T cell activa-
tion. In the current paradigm, B cell recognition of an antigen
by surface immunoglobulin does not deliver a signal that is
required for T cell-dependent B cell activation. Thus, the recog-
nition of a processed antigen presented in the context of MHC
class II molecules on the B cell is the only T—B cell interaction
that introduces antigen specificity and ensures the specificity of
the antibody response (12).

The MHC class II molecules on B cells not only function
as antigen-presenting restriction elements, but also represent
signal transducing receptors. It has been demonstrated that liga-
tion of MHC class II molecules on B cells results in elevated
levels of intracellular cAMP and inhibits subsequent responses
to mitogenic signals (13, 14). Interestingly, an increase in intra-
cellular cAMP induced by either pharmacological agents or by
cross-linking MHC class II molecules induces apoptosis in rest-
ing B cells (14). The physiological relevance of this mechanism
in the interaction of human T and B cells has not yet been
demonstrated. In particular, induction of B cell apoptosis by
signaling through MHC class II molecules raises the question
whether the engagement of T cell receptors (TCR)' with MHC
molecules can result in B cell death. Essentially, interaction of
T and B cells via TCR recognizing the MHC antigen complex
may have one of two very different outcomes, B cell activation
or B cell apoptosis.

To investigate whether a dichotomy exists for MHC-re-
stricted T—B cell interaction, we have analyzed a series of
human CD4* helper T cell clones for their capability to induce
either immunoglobulin production or B cell apoptosis. TCR-
HLA-DR interaction was facilitated by a bacterial superantigen,
staphylococcal enterotoxin D (SE D). We were able to define
T cell clones that served as excellent helpers, whereas a second
subset of T cell clones failed to provide help for B cell differenti-
ation. Both types of helper T cells promoted immunoglobulin
production when stimulated through cross-linking with anti-
CD3 antibodies and help was provided independently of recog-
nition of MHC antigen complexes on the surface of the B cells.
The subgroup of T cell clones failing to promote immunoglobu-
lin synthesis in MHC-restricted interaction did indeed induce
B cell apoptosis. T helper cell clones with and without the
ability to induce apoptosis could be distinguished based on their
lymphokine secretion pattern. Apoptosis inducing helper cell
clones were characterized by the coproduction of IL-2, IFN-
v, and IL-4, whereas T cells providing MHC-mediated help
exhibited a TH2-like pattern. These data suggest that the activa-
tion of resting B cells in an antigen-specific MHC-restricted
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interaction is strictly controlled by the functional commitment
of the interacting T cells.

Methods

Human T cell clones. 5 X 10° PBMC/ml from a normal donor were
cultured in culture plates coated with anti-CD3 mAb (OKT3, 50 pg/
ml). After 24 h, T cells were cloned at a concentration of 0.3 cells/
well in the presence of 3 X 10* cells/well irradiated filler cells and 20
U/ml rIL-2 (Cetus Corp., Emeryville, CA). CD4* CD8~ T cell clones
were identified by FACS® analysis and were selected for these experi-
ments. The clones were maintained in culture by stimulation every 7-
10 d in the presence of exogenous IL-2.

Proliferative response to the bacterial superantigen SE D. Tripli-
cates of 3 X 10 cloned T cells were cocultured with 4 X 10* irradiated
antigen presenting cells (lymphoblastoid B cell lines [LCL]) in the
presence of 0.5 ug/ml SE D (Toxin Technology, Sarasota, FL) for 48 h.
Proliferative responses were assessed by [*H]thymidine incorporation.
Control microcultures included T cell clones cultured with antigen pre-
senting cells only and T cell clones stimulated with immobilized anti-
CD3. Specific proliferation was calculated by subtracting background
proliferation from induced proliferation. Results are given as mean
counts per minute. Background proliferation of T cell clones cultured
with irradiated LCL alone was < 3,500 cpm. Only the SE D—responsive
T cell clones were selected for further studies.

T-B cell cocultures. 1 X 10° CD4* T cell clones were cocultured
with 1 X 10* purified B cells in 96 well flat bottom tissue culture plates
in the presence of SE D or immobilized anti-CD3 mAb. B cells were
purified from PBMC of five normal donors as previously described
(15). In brief, 5 X 10° PBMC was incubated with 50 mM L-leucine
methylester HCI (Sigma Chemical Co., St Louis, MO) for 45 min at
room temperature to deplete monocytes (16). Subsequently, T cells
were depleted by rosetting with 2-AET (Sigma Chemical Co.) treated
sheep red blood cells. Nonrosetting cells were analyzed by FACS ® with
antibodies for CD3, CD14, and CD19. The cell population contained
< 1% CDI14* and < 5% CD3" cells. Supernatants of the T-B cell
cocultures were collected after 14 d. The concentration of total IgM
was determined by ELISA as recently described (15).

L-leucine methylester induces apoptosis in cells which contain lyso-
somes. To exclude the possibility that the leucine methylester renders
B cells susceptible to apoptosis, an alternative method to semipurify B
cells was used. PBMC were incubated on plastic dishes for 2 h. Nonad-
herent cells were rosetted with sheep red blood cells. The B cell-
enriched nonrosetting cells were cocultured with T cell clones as de-
scribed above.

In selected experiments, T—B cell cocultures were performed in the
presence of both immobilized anti-CD3 and SE D. The microcultures
were started in the presence of immobilized anti-CD3, and SE D was
added at the times indicated.

To analyze the influence of cytokines in the T—B cell cultures, T
cell clones were cocultured with B cells in the presence of 0.5 ug/ml
SE D and the following cytokines: 10—1,000 U/ml in TNF-a (R & D
Systems, Inc., Minneapolis, MN), 10-1,000 U/ml IFN-y (Endogen,
Inc., Boston, MA), 10—100 U/ml IL-2 (Cetus Corp.), 2—10 U/ml IL-
4 (Schering Corp., Kenilworth, NJ), or 100% supernatant from stimu-
lated THO or TH2 clones. To analyze the influence of cell—cell contact,
T cell clones were activated with anti-CD3 for 12 h, fixed with 2%
formaldehyde, and then cocultured with purified B cells in the absence
and presence of SE D.

Multiparameter flowcytometric assay for apoptosis. T-B cell cultures
were harvested after 36—40 h and cells were stained with a mixture of
FITC-labeled anti-CD19 and anti-CD20 antibodies (Becton Dickinson
Immunocytometry Systems, Mountain View, CA) at 4°C for 30 min.
After washing, cells were incubated in 2 ml of PBS containing 10 ug/
ml lysolecithin and 1% paraformaldehyde at 4°C for 25 min. After
washing, cells were treated with 200 ul of 1 mg/ml RNAse and stained
with 50 ug/ml propidium iodide for 30 min at 4°C (17). Cells were

Table L. Proliferative Responses of CD4* T Cell Clones to SE D

Proliferation (counts)

Clone SED Anti-CD3
TO02 43,557 29,908
T37 47,590 59,244
T25 10,745 7,358
T72 91,853 82,086
T32 7,622 23,055
TO8 125,086 42,410
T23 97,071 50,877
T15 80,150 - 91,065
T04 13,548 30,043
T38 7,360 39,597

analyzed on a FACSVantage® (Becton Dickinson Immunocytometry
Systems).

Lymphokine production. 1 X 10° cloned T cells were stimulated
with immobilized anti-CD3 mAb in flat bottom 96-well microculture
plates. Supernatants were harvested after 24 h. To determine IL-2 activ-
ity in the supernatants, 8 X 10> HT2 cells/well were cultured in the
presence of serial dilutions of culture supernatants. Proliferation was
determined by [*H]thymidine incorporation after 24 h. IL-4 activity
was determined in a bioassay utilizing its ability to induce the expression
of CD23 on a human B cell line, Ramos cells (18). 2 X 10* Ramos
cells/well were cultured in the presence of supernatant dilutions and
immobilized anti-IgM antibodies. The cells were harvested after 48 h,
stained with phycoerythrin-labeled anti-CD23 mAb (Becton Dickinson
Immunocytometry Systems ), and analyzed by FACS ® analysis. Recom-
binant IL-2 (Cetus Corp.) and recombinant IL-4 (Schering Corp.) were
used to standardize the bioassays. IFN-y was determined in an immuno-
assay by using commercially available ELISA plates (BioSource Inter-
national, Inc., Camarillo, CA). Lymphokine patterns for the different
T cell clones were confirmed by reverse transcriptase-PCR with primer
sets specific for IL-2, IL-4, IL-5, IL-10, and IFN-vy as described (19).

Results

Heterogeneity of T helper cell clones providing MHC-restricted
help to B cells. CD4* T cell clones were established from
peripheral blood of normal donors. 10 different T cell clones
were selected, which proliferated in response to SE D presented
by irradiated lymphoblastoid cells (Table I). None of the T cell
clones showed alloreactivity to the lymphoblastoid cell line
(data not shown). All T cell clones were tested for their ability
to provide B cell help in a 14-d T-B cell coculture system. As
shown in Fig. 1, 5 of the 10 T cell clones promoted B cell
activation and production of IgM. Concentrations of IgM se-
creted in SE D—driven cultures ranged from 2.8 to 7.5 pg/ml.
T cell clones T04, TO8, T15, T23, and T38 failed to provide B
cell help. To examine the possibility that the five T cell clones
unable to support IgM production had an intrinsic defect and
therefore could not serve as helper cells, all T cell clones were
tested for their helper capabilities in an antigen-nonspecific con-
tact help system. T cells were stimulated with immobilized anti-
CD3 and cocultured with peripheral B cells for 14 d (Fig. 1).
All T cell clones were able to induce B cell differentiation and
IgM secretion. The ability to provide B cell help differed for
the individual T cell clones, IgM production varied between 5.4
pg/ml and 33 pg/ml. In general, lower concentrations of IgM
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Figure 1. Heterogeneity of T-helper cell clones providing MHC re-
stricted help to B cells. 1 X 10° SE D reactive (as shown in Table I)
T cell clones were cocultured with 1 X 10* purified B cells from one
donor in the presence of SE D (7op) or immobilized anti-CD3 (bottom)
for 14 d. All microcultures were set up in triplicates. The amount of
IgM in the supernatant was measured by ELISA. Results of one repre-
sentative experiment are shown as mean * SD. Although all of the T
cell clones were excellent helpers in the anti-CD3—driven cultures, only
half of them provided MHC-restricted help in the presence of SE D.
This pattern was reproducible in experiments using B cells from three
different donors (data not shown). B cells cocultured with the appro-
priate T cell clone in the absence of additional T cell stimulatory signals
produced < 0.25 ug/ml IgM (data not shown).

were synthesized in superantigen-driven cultures compared to
anti-CD3 -stimulated cultures. There was no clear relationship
in the response pattern to the two distinct modes of activation.
T cell clones such as TO8 and T23, which were very effective
helper cells after anti-CD3 stimulation, failed to induce IgM
production in the presence of SE D. T cell clones T32 and T72
effectively promoted B cell help in SE D—driven cultures, but
were relatively weak helper cells when activated with anti-CD3.
These data suggested that the failure of some T cell clones to
induce IgM production when SE D was used to cross-link TCR
and MHC molecules was not a general lack of the ability to
provide B cell help. Rather, the heterogeneity among T cell
clones to function as helpers in the presence of SE D raised the
possibility that TCR-HLA-DR cross-linking did not necessarily
result in B cell stimulation.

Cross-linking of HLA-DR molecules and TCR molecules of
selected T cell clones inhibits B cell activation. Failure to pro-
mote B cell help by one subset of T cell clones stimulated
with SE D suggests as one possibility, that these T cells were
insufficiently activated to provide help. It could also be hypothe-
sized that cross-linking of TCR and HLA-DR molecules pro-
vided a negative signal to the B cells and that only certain T
cell clones could rescue the B cells from this negative signal.
To address these possibilities, we cocultured T cells and B cells
in the presence of both SE D and immobilized anti-CD3. The
addition of the superantigen to the anti-CD3-driven cultures
did not significantly influence the IgM production induced by
T cell clones T02 and T25, which were able to provide help to
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Figure 2. Cross-linking of HLA-DR molecules and TCR molecules
inhibits B cell activation. T cell clones T0O2 and T25 were able to provide
MHC-mediated help, whereas clones T0O8 and T23 failed to do so (Fig.
1). To test the question of whether clones TO8 and T23 actively inhibited
B cell differentiation, T—B cell cultures were stimulated with a combina-
tion of anti-CD3 and SE D. The addition of SE D to anti-CD3—stimu-
lated T-B cell cultures of T cell clones TO8 and T23 inhibited IgM
production, while it did not influence the helper activity of clones T02
and T25. (O), anti-CD3; (M), anti-CD3 + SE D; (8), SE D.

peripheral B cells in the SE D-driven system (Fig. 2). In
contrast, T cell clones TO8 and T23 did not activate peripheral
B cells to produce IgM in the presence of the superantigen (Fig.
1). For these two clones, the addition of SE D to anti-CD3—
stimulated T-B cell cocultures resulted in a > 90% inhibition
of IgM production (Fig. 2). Similar suppressive effects of SE
D on B cell activation and IgM production were found for all
T cell clones which proliferated in response to SE D, but could
not provide B cell help in the SE D-driven cultures. These
results suggested that the cross-linking of the TCR of selected
T cell clones and HLA-DR molecules on B cells delivered a
negative signal which inhibited B cell activation.
Cross-linking of TCR and MHC by SE D induces B cell
apoptosis. To analyze the mechanism of the suppressive action
of SE D, we determined the recovery of B cells in T-B cell
cocultures by FACS® analysis. These experiments demon-
strated that the number of B cells declined in the SE D—driven
cultures if T cell clone TO8 or T23 were present, but remained
stable if T cell clone T0O2 or T25 were included. The reduction
in viable B cells in the presence of T cell clones TO8 or T23
occurred between days 2 and 7 of culture. During the first 24
h, the number of B cells remained unchanged, at 4 d the number
had declined by 50%, and after 7 d B cells had disappeared
from the cultures (data not shown). We, therefore, wanted to
address the possibility that the SE D—mediated cross-linking of
TCR and MHC molecule on the peripheral B cells induced
apoptosis. To assess MHC class II-mediated apoptosis, B cells
were cocultured with two representative T cell clones, T23 (fails
to provide MHC-restricted help) and T25 (provides MHC-re-
stricted help). DNA content of B cells 40 h after initiation of
the culture was determined by a two-color FACS® analysis,
and the percentages of subdiploid, diploid, tetraploid B cells,
and the B cells in the S phase were calculated (Fig. 3). Cultures
including T cell clone T23 and superantigen contained 76% of
subdiploid B cells, suggesting that these cells had undergone
apoptosis. In contrast, only 28% of B cells were subdiploid after
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Figure 3. TCR-MHC cross-linking induces B cell apoptosis. T cell
clones T23 (fails to provide MHC-restricted help) and T25 (provides
MHC-restricted help) were cultured with nonstimulated peripheral B
cells. T-B cell cultures were analyzed for B cell apoptosis after 40 h.
Cells were stained with a mixture of anti-CD19-FITC, anti-CD20-FITC,
and propidium iodide. The apoptotic B cells were identified by DNA
content as determined by FACS ® analysis. Data from one of five experi-
ments using B cells from four different donors are shown. The T cell
clones clearly differed in their ability to induce B cell apoptosis. T cell
clone T23 induced apoptosis in the majority of B cells after stimulation
with SE D, but not after stimulation with anti-CD3 (zop). T cell clone
T25 infrequently induced B cell apoptosis under both stimulation condi-
tions.

stimulation with anti-CD3-activated T23 cells. Tetraploid B
cells and B cells in the S phase indicating B cell differentiation
and proliferation were encountered in anti-CD3—driven cultures
(21%), but were essentially absent from SE D—driven cultures
(3%). In contrast, the distributions of subdiploid, diploid, tetra-
ploid B cells, and B cells in the S phase were very similar in
T-B cell cultures involving T cell clone T25, independent of
whether they were stimulated by superantigen or anti-CD3. A
small fraction of B cells contained a subdiploid amount of DNA.
The majority of B cells was either diploid or underwent prolifer-
ation. )

To exclude the possibility that the purification of B cells
with L-leucine methylester had rendered the B cells more sus-
ceptible to apoptosis, B cells were semipurified from PBMC
by sequential removal of adhering cells and T cells and then
cocultured with the T cell clones T23 and T25. These experi-
ments confirmed the findings shown in Fig. 3. About 50% of
all B cells underwent spontaneous apoptosis if cocultured with
nonactivated T cells. Anti-CD3 stimulation of either T cell clone
reduced the number of apoptotic B cells to 22 and 13%, respec-
tively. The frequency of apoptotic B cells increased to 84% in
the presence of SE D and T cell clone T23. In contrast, T cell
clone T25 lacked the ability to induce B cell apoptosis. These
data indicate that cross-linking of TCR and MHC class II mole-
cules induces apoptosis of B cells. Only a subset of T cells can
provide the apoptosis-inducing signal or, alternatively, a subset
is not able to rescue B cells from the apoptosis-inducing signal.

Lymphokine secretion (U/ml)

Clone IL-2 IFN-y IL-4
T02 nd* 8.21 4.48
T37 nd 1.24 3.03
T25 nd 0.10 2.29
T72 0.10 21.58 6.90
T32 nd 0.16 1.10
TO8 32.26 450.00 347
T23 22.55 316.37 0.32
T15 63.56 74.23 1.70
TO4 1.27 172.03 3.56
T38 132.24 188.32 8.07

* Not detected.

TH?2, but not THO, cells rescue B cells from MHC-mediated
apoptosis. To identify features distinguishing the functionally
different subset of T cell clones, lymphokine profiles of all T
cell clones were determined. Results are given in Table II. The
two T cell subsets could be differentiated based on their IL-2
and IFN-vy production. T cell clones which were able to provide
help in SE D—driven cultures produced no, or very little, IL-2
and IFN-v, while T cell clones that induced B cell apoptosis
after TCR-MHC cross-linking produced high concentrations of
IL-2 and IFN-+y. Both subsets of T cell clones were not different
for the secretion of IL-4. The production of IL-4 ranged from
1.1 U/ml to 6.9 U/ml in the subset of T cell clones able to
provide B cell help. T cell clones unable to promote MHC-
restricted help secreted 0.32-8.07 U/ml IL-4. We explored the
possibilities that different T cell stimuli could result in distinct
lymphokine profiles. For all T cell clones tested, we found
that the pattern of lymphokines produced were indistinguishable
whether the T cells were activated with SE D or anti-CD3 (data
not shown). In addition to the lymphokine secretion pattern
shown in Table II, T cell clones were also analyzed for the
expression of lymphokine mRNA transcripts by PCR (data not
shown). The major difference in the two T cell subsets was the
production of IL-2 mRNA and IFN-y mRNA. There was no
correlation with the expression of other lymphokines, including
IL-4 and IL-10. All T cell clones expressed IL-4 and IL-10
transcripts upon activation.

To define the role of different lymphokines in the apoptosis
of B cells, T cell clone T23 was cocultured with B cells and
SE D in the presence of 2—10 U/ml exogenous IL-4 and super-
natants from anti-CD3 activated TH2 T cell clones, respectively.
Neither exogenous IL-4 nor the lymphokine mixture contained
in the supernatant could restore the ability of the T cell clone
to activate B cells and induce IgM production. Also, neither
IL-2 in the concentrations of 10—100 U/ml, IFN-v in the con-
centrations of 100—1,000 U/ml, TNF-«a in the concentrations
of 10—-1,000 U/ml, nor 100% supernatant from activated THO
cells was able to induce B cell apoptosis in cocultures including
a TH2 T cell clone, B cells, and SE D (data not shown). These
data suggest that the distinct lymphokine patterns observed for
the two subsets of T cell clones were a hallmark distinguishing
these two subsets. However, we do not have evidence that IL-
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Table III. Induction of B Cell Apoptosis by Fixed Preactivated
T Cells

Percentage of apoptotic B cells

Functional
T cell clone* phenotype Without SE D With SE D
T23 THO 28 76
T23-fixed cells 33 48
T25 TH2 20 24
T25-fixed cells 34 30

* T cell clones were activated with immobilized anti-CD3.

2, IFN-vy, TNF-a, IL-4, or another soluble factor present in the
supernatants was directly involved in the apoptotic events.

To directly address the issue that cell—cell interactions are
important in the induction of apoptosis, the THO clone T23 and
the TH2 clone T25 were activated with anti-CD3 and then fixed
with formaldehyde. The fixed T cell clones were cocultured
with B cells in the presence and absence of SE D, and the
cultures were analyzed for B cell apoptosis after 36 h. For the
TH2 T cell clone T25, the addition of SE D did not increase
the number of apoptotic B cells (Table III). In contrast, the
addition of SE D to cell cultures including fixed activated cells
of the T cell clone T23 increased the number of apoptotic B
cells from 33 to 48%. The increase in apoptotic B cells, although
less pronounced than the effect of viable T23 cells, was a consis-
tent finding in two experiments (data not shown). These results
support the interpretation that differences in the membrane
structure of THO and TH2 clones are related to the ability to
induce apoptosis in B cells.

Activated B cells are not susceptible to apoptosis. It has
been shown that activated B cells are refractory to MHC class
I1-mediated apoptosis (14). Also, cross-linking of cell surface
immunoglobulin can protect B cells from apoptosis (20). We
wanted to address the question whether only peripheral B cells,
which had not been activated in vitro, were susceptible to the
apoptosis-inducing signals delivered by SE D and THO-like T
cell clones. T cell clone T23 was activated with immobilized
anti-CD3 and cocultured with freshly purified peripheral B cells.
0.5 pg/ml SE D was added at different time points as indicated
in Fig. 4, and supernatants were assayed for immunoglobulin
production after a total culture period of 14 d. Production of
significant concentrations of immunoglobulins in these T-B cell
cultures requires a minimum culture period of 10 d. Maximum
immunoglobulin levels are reached by day 14 (21). The T cell
clone that failed to induce IgM production in B cells in the
presence of SE D was a potent helper cell for nonspecific contact
help elicited by anti-CD3 activation. Addition of SE D to anti-
CD3—driven cultures showed that SE D completely inhibited
IgM production when added as late as day 2 and partially inhib-
ited the induction of IgM when added at day 4. No inhibitory
effect was seen after day 4. These data demonstrate that B cells
are susceptible to apoptosis in the first 2—4 d after coculturing
with anti-CD3-activated T helper cells. These data also indicate
that T helper cells, which are fully activated two days after anti-
CD3 stimulation, are still able to induce B cell apoptosis and
do not rescue B cells from the apoptosis inducing mechanism.

Discussion

The capacity of B cells to process and present antigen to T
helper cells has been understood as a fundamental mechanism
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Figure 4. Activated B cells are not susceptible to MHC-mediated
apoptosis. B cells cocultured with T cell clone T23 were stimulated by
either SE D (left), anti-CD3 (middle), or anti-CD3 and SE D. SE D
was added at different time points after initiation of the culture as
indicated (right). SE D completely inhibited IgM production when
added as late as day 2. No inhibitory effect was found when SE D was
added after day 4.

ensuring targeting of helper signals to the appropriate B cell
(22, 23). Recently, however, MHC class II molecules have not
only been implicated in transmitting positive signals to the B
cell, but ligation of MHC class II molecules by mAb has been
found to mediate apoptotic death of B cells (14). Here, we
demonstrate that TCR-MHC -mediated interaction between T
helper cells and peripheral human B cells can result in B cell
apoptosis or B cell differentiation/proliferation, depending on
the functional commitment of the T cell providing B cell help.
We were able to link the induction of B cell apoptosis with the
lymphokine patterns of the interacting T helper cells. B cells
interacting with a THO helper cell undergo apoptosis, while
TH2 helper cells induce immunoglobulin synthesis after super-
antigen-mediated interaction. Both types of helper cells support
B cell differentiation and growth in an MHC-independent, anti-
gen-nonspecific way as facilitated by anti-CD3 stimulation of
the T cells. B cell apoptosis induced by TCR-MHC cross-link-
ing cannot be influenced by exogenous T cell—derived lympho-
kines, but appears to be the consequence of cell—cell contact.
In vitro activated B cells are protected from apoptotic cell death
and are able to receive help from functionally distinct helper
cells.

Two different models could explain why B cells undergo
apoptosis in the presence of some, but not all, T helper cells.
B cells have been shown to spontaneously undergo apoptosis
in in vitro culture and signals from the T cell may be necessary
to rescue the B cells from programmed cell death (24). It could
be argued that B cells insufficiently activate THO cells and thus
cannot be rescued from programmed cell death. Resting B cells
are indeed poor antigen-presenting cells for primary T cell re-
sponses. Jenkins and Schwartz have provided evidence that
stimulation of the TCR of TH1 T cells, in the absence of costim-
ulatory signals, results in the induction of anergy in the re-
sponding T cell population (25—27). Anergic T cells are char-
acterized by the lack of production of IL-2, but they do produce
IFN-y and express IL-2 receptors. Thus, T—B cell interaction
may result in a very different outcome depending on the lym-



phokine profile of the T cell. THO and TH2 cells may have
different stimulation requirements and the stimulation by resting
B cells and superantigen may not be sufficient to activate THO
cells to be efficient helper cells in T—B cell interaction. Alterna-
tively, the apoptotic B cell death could be the result of signals
provided by the interacting T cell. To distinguish between these
two models, we combined the two different stimuli which either
lead to B cell depletion (superantigenic stimulation) or B cell
differentiation (stimulation with immobilized anti-CD3). The
addition of superantigen to anti-CD3-stimulated cultures sup-
pressed the induction of immunoglobulin secretion in the pres-
ence of THO cells, but not TH2 cells. These data clearly showed
that the superantigen-mediated effect is an active and dominant
phenomenon, suggesting that the cross-linking of the TCR on
the THO cell, and the HLA-DR molecule on the B cell, induces
B cell apoptosis.

The engagement of the TCR with the HLA molecule either
results in B cell apoptosis or B cell stimulation. The functional
commitment of the interacting T cell appears to determine the
outcome by providing an active signal. It remains possible that
both THO and TH2 cells are able to induce MHC-mediated
apoptosis, however, only TH2 cells deliver the additional sig-
nals necessary to rescue the B cells from apoptosis. A critical
role of T cell-derived cytokines in B cell apoptosis could be
postulated. Thus, we have tested the question whether THO- or
TH2-derived lymphokines were involved in the induction of or
protection from apoptosis. All T cell clones, including THO and
TH2 cells, produced IL-10, suggesting that the production of
IL-10 did not account for the lack of B cell apoptosis observed
with TH2 cells. Several groups have shown that IL-4, at least
in combination with antiimmunoglobulin or with anti-CD40 can
prevent B cell apoptosis (7, 14, 24). However, the production
of IL-4 was rather similar in both subsets of T cells, suggesting
that IL-4 did not play a role in the prevention of apoptosis. In
support of this view, the addition of exogenous IL-4 or superna-
tants from activated TH2 cells could not induce differentiation
of B cells cocultured with THO cells, suggesting as one possibil-
ity that soluble factors derived from TH2 cells were not suffi-
cient to prevent apoptosis. We also explored the possibility that
IFN-y was directly involved in apoptosis. However, exogenous
IFN-vy was insufficient to prevent a productive interaction be-
tween TH2 cells and B cells, and to induce B cell apoptosis.
Also, TNF-a, which has been shown to induce apoptosis (28),
did not increase the number of apoptotic B cells when added
to cultures consisting of TH2 cells, B cells, and SE D.

Our experiments strongly suggest that the interaction be-
tween TCR and MHC molecules is directly involved in inducing
B cell apoptosis. However, we cannot exclude that THO and
TH2 cells differ in the expression or induction of cell surface
molecules which are important to mediate apoptosis. As one
possibility, the stimulation of the APO-1 or Fas antigen has
been shown to induce cell death by apoptosis in some cell types
(29, 30). To address the question of whether THO cells and
TH2 cells differ in the expression of the Fas ligand, we tested
the capacity of THO and TH2 cells to induce apoptosis of P815
cells transfected with the human Fas antigen (kindly provided
by C. Eischen and P. Leibson, Department of Immunology,
Mayo Clinic, Rochester, MN). These experiments did not dem-
onstrate a difference between THO and TH2 cells, suggesting
that the discriminating factor between THO and TH2 cells is
not the expression of the Fas ligand.

Differences in the outcome of T—B cell interaction resulting

in either immunoglobulin production or B cell depletion have
been described (31). Del Prete et al. have demonstrated that
most TH1 cells and some TH2 cells exhibited cytolytic activity
for B cells. These authors report that all TH1 T cell clones
lysed Epstein-Barr virus transformed autologous B cells pulsed
with the specific antigen. We tested the question whether the
induction of apoptosis was associated with the ability of THO
cells to lyse B cells. However, we were unable to demonstrate
that any of the CD4* T cell clones examined had a lytic machin-
ery. Neither the presence of lectin nor the presence of superanti-
gen was able to facilitate cell lysis of target cells in chromium
release assays (data not shown). We tested several different
types of target cells, including resting B cells, pokeweed mito-
gen—activated B cell blasts, Epstein-Barr virus—transformed B
cells, and mouse tumor lines with established sensitivity to T
cell-mediated killing. In line with our finding that the induction
of apoptosis was not due to the cytolytic mechanism described
by Del Prete et al., we found that preactivated B cells were
protected from cell death. Also, kinetic studies exploring the
number of surviving B cells in the cultures, as well as monitor-
ing B cell apoptosis, revealed that B cell death was a delayed
phenomenon which could not be detected in the 6-h cytolytic
assay. Culture periods of 24 h were insufficient to demonstrate
the decline in B cell numbers. In summary, the B cell apoptosis
we have observed upon MHC-mediated interaction with THO
cells appears to be distinct from the cell lysis mediated by TH1
cells as reported by Del Prete et al (31).

Induction of B cell apoptosis as a result of T cell recognition
raises the question of how this mechanism contributes to the
regulation of antibody production. Engagement of the TCR with
the HLA complex provides specificity control in T—B cell inter-
action and ascertains that appropriate help is directed to a B
cell-presenting antigen. Apoptosis has recently attracted atten-
tion as a mechanism, deleting unwanted cells in the immune
system (32, 33). Antigen-specific interaction of resting B cells
with T cells has been described as a means to induce T cell
tolerance, suggesting as one model, that recognition of antigens
presented by such B cells carries the risk of autoreactivity (34,
35). Induction of T cell anergy has been associated with antigen
recognition in the absence of appropriate costimulatory signals
(25-27, 36). While interaction of a resting B cell with a T cell
may prevent T cell activation by the induction of anergy, such
a contact could be sufficient to induce the expression of costimu-
latory molecules in the B cell. Studies by Nabavi et al. and by
Watts et al. have demonstrated that expression of the B cell
accessory molecule B7 is regulated through contact of the TCR
with the MHC antigen ligand (37, 38). Subsequent T—B cell
interactions of such a B cell could then fail to induce anergy.
We are proposing that apoptotic cell death of B cells provides
a mechanism to prevent the aberrant induction of costimulatory
molecules on B cells and the subsequent activation of poten-
tially autoreactive T cells.

Data presented here are consistent with the notion that the
strict control of T-B cell interaction only applies to the initial
stages of the immune response (35, 39, 40). As soon as B cells
are activated, they cannot only provide costimulatory signals to
T cells to promote T cell activation, but they are also no longer
susceptible to the apoptosis inducing T cell-derived signals.
Also, B cell apoptosis as a tolerance mechanism is no longer
effective as soon as T cells have differentiated into TH2 cells.
TH2 cells promote differentiation of nonstimulated, as well as
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activated, B cells in the superantigen-mediated T—B cell inter-
action.

Many autoimmune diseases are characterized by the abun-
dant production of antibodies including autoantibodies. Very
little information is available on mechanisms involved in break-
ing tolerance. Our model would suggest that recognition of
autoantigens on resting B cells is well controlled: antigen-pre-
senting resting B cells are depleted from the pool after interac-
tion with THO cells and the interacting THO cells are rendered
anergic and do not differentiate into TH2 cells. Failure in either
mechanism could result in uncontrolled activation of autoreac-
tive B cells and T cells.
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