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Abstract

Human B cell-triggering mechanisms were investigated using
the polyclonal activators Staphylococcus aureus Cowan I (SAC)
and pokeweed mitogen (PWM). When the cultures of B cells,
T cells, and monocytes were stimulated for 5 d by SAC or PWM,
B cells could be activated by both mitogens to proliferate and
secrete Ig. Even when T cells were substituted by T cell-derived
soluble factors, SAC-stimulated B cells could differentiate into
Ig-secreting cells. In contrast, interactions of B and T cells for
at least the first 6 h of culture were necessary for the B cell
triggering by PWM.

Experiments that allow a more precise delineation of the B
cell-triggering mechanisms by PWM demonstrated that inter-
actions ofB cells with T4+ but not TS' cells are required for the
B cell triggering; anti-Ia or anti-T4 antibody can block this trig-
gering; in contrast, anti-T3 or anti-T8 antibody do not exert any
effects on the B cell triggering. However, all these monoclonal
antibodies could not modulate the ability of B cells that had been
already activated by PWM to respond to T cell-derived factors.
These data suggest that SAC can directly activate B cells, while
cognate interactions between Ia-like antigens on B cells and T4+
cells are essential for B cell triggering by PWM. Furthermore,
once B cells are triggered, they will proliferate, differentiate, and
secrete Ig in response to T cell-derived factors; Ia-like antigens
or T cell differentiation antigens may not be involved in the pro-
cesses in this cascade.

Introduction

Recent studies of the events leading to B cell activation, prolif-
eration, and differentiation have documented that occupancy
of membrane-bound Ig by antigen and/or cognate T cell inter-
actions involving the Ia antigens ofresting B cells results in func-
tional expression of receptors for T cell-derived soluble factors,
and that it is these factors that in turn stimulate B cells to pro-
liferate and differentiate into cells secreting Ig (1-5). Many studies
regarding human B cells have used polyclonal B cell activators.
These polyclonal activators include mitogens such as a T cell-
independent pure B cell mitogen Staphylococcus aureus Cowan
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I (SAC)' that directly acts on B cells by cross-linking of the Ig
receptors on their surfaces and anti-Ig antibody that interacts
with the B cell surface Ig. The results of studies with these poly-
clonal activators suggest that SAC or a high concentration of
anti-Ig antibody directly induces the proliferation of resting hu-
man B cells, while a less powerful surface-membrane Ig-mediated
signal, such as that delivered by low concentrations of anti-Ig
antibody, results in the activation ofB cells without subsequent
proliferation. However, the induction of proliferation by these
activated B cells can occur in the presence ofB cell stimulatory
factors (BSF) (5-10). Moreover, the proliferating B cells that
have been activated by SAC, a high concentration of anti-Ig
antibody, or low concentrations of anti-Ig antibody plus BSF,
can in turn be induced to differentiate into Ig-secreting cells by
B cell differentiation factors (BCDF) (5-10).

Many ofthe great advances in our understanding ofthe reg-
ulatory mechanisms that control human Ig synthesis have
emerged from studies that have used another polyclonal acti-
vator, pokeweed mitogen (PWM) (11-15). PWM is a T cell-
dependent T cell and B cell mitogen and induces proliferation
and differentiation of B cells into Ig-secreting cells under the
adequate help ofT cells (1 1, 15). In the present study, we have
addressed the question of whether some differences exist in the
B cell-triggering mechanisms by SAC and PWM. We have also
investigated the role of interactions of Ia-like antigens on B cells
with T4 antigens on T4' cells in the B cell-triggering mechanisms
by mitogens. Our results clearly delineate that SAC stimulation
of resting B cells results by itself in functional expression of
receptors for T cell-derived soluble factors and that cognate T
cell interactions involving the Ia-like antigens of B cells are re-
quired for the induction of B cells to express such functional
receptors by PWM.

Methods

Cell separations. Peripheral blood mononuclear cells from healthy vol-
unteer donors were separated into T cells and non-T cells by means of
a sheep red blood cell (SRBC)-rosette technique. The rosetted T cells
were further fractionated into T cell subsets, T4' and T8V, by comple-
ment-mediated cell lysis with monoclonal antibodies OKT8 and OKT4
(Ortho Pharmaceutical Corp., Raritan, NJ), respectively. Analysis ofthe
T cell subpopulations showed that the OKT8-treated population yielded
>94% T4' cells and <1% T8' cells, whereas the OKT4-treated population
contained >96% T8+ cells and <2% T4+ cells. B cells and monocytes
were obtained from the unrosetted non-T cell fraction as follows: B cells
were obtained by further depletion of T cells remaining in the non-T
cell fraction by complement-mediated cell lysis with OKT3 antibody
(Ortho Pharmaceutical Corp.). This was followed by depletion ofmono-

1. Abbreviations used in this paper: BCDF, B cell differentiation factors;
BSF, B cell stimulatory factors; Con A, concanavalin A; IL-2, interleukin
2; MHC, major histocompatibility complexes; PFC, plaque-forming cell;
PHA, phytohemagglutinin; PWM, pokeweed mitogen; SAC, Staphylo-
coccus aureus Cowan I; SRBC, sheep red blood cell.
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cytes by removal of cells adhering to petri dishes and by complement-
mediated cell lysis with OKM1 antibody (Ortho Pharmaceutical Corp.).
The resultant B cell population contained no T cells, <0.2% monocytes,
and >90% cells bearing surface-membrane Ig. Moreover, the B cells ob-
tained did not respond at all to phytohemagglutinin (PHA; Wellcome
Research Laboratories, Beckenham, England) and concanavalin A (Con
A; Pharmacia Fine Chemicals, Piscataway, NJ) at their optimal concen-
trations. Monocytes were obtained by collecting the cells adhering firmly
to petri dishes. All these purification procedures were repeated twice and
have been described in detail elsewhere (16-18).

Preparation ofpartiallypurified Tcell-derivedsolublefactors. Fresh,
pooled human peripheral mononuclear cells (2.5 X 106/ml) were stim-
ulated for 48 h with PHA (I sg/ml). The supernatants were collected,
purified by several chromatographic steps as described elsewhere (19,
20), and were designated partially purified T cell-derived soluble factors.
The characterization ofthe factors obtained has been described previously
(18-20). The factors obtained had neither PHA activity nor interferon
y activity; they contained BSF activity and BCDF activity as well as
interleukin 2 (IL-2) activity.

Overall experimental design. Activated B cells were generated by
PWM stimulation in a first culture for 6 h. These cells were washed four
times to remove PWM, and further incubated in the presence ofpartially
purified T cell-derived soluble factors in a second culture. After incu-
bation of 5 d in the second culture, cells were assayed either for their
proliferative responses or for their plaque-forming cell (PFC) responses.
In all studies, T cells and monocytes to be used in the first culture were
obtained from the same normal donor who provided B cells.

Generation ofactivated B cells by stimulation with PWM(first culture).
5 X 106 B cells, 5 X 106 T cells, and 5 X I0O monocytes were incubated
in 4-ml culture medium, RPMI 1640 (FLow Laboratories Inc., McLean,
VA) supplemented with 10% fetal bovine serum (Flow Laboratories Inc.)
with 4 ug PWM (PWM-activated B cells), or without PWM (unactivated
control B cells) at 370C in a humidified 5% C02/95% air environment.
6 h later, the cells were harvested, washed four times, and B cells were
isolated exactly as described above. These B cells were then incubated
in a second culture (see below).

The basic first culture system was then perturbed by a number of
different procedures. In some experiments, unfractionated T cells were
substituted by T4' or T8' cells. Anti-Ia, anti-T3, anti-T4, or anti-T8
monoclonal antibody (Coulter Diagnostics, Coulter Electronics, Inc.,
Hialeah, FL) was also added to the first culture at a final concentration
of 25 gg/ml to investigate the influence of the respective monoclonal
antibodies on the B cell-triggering mechanisms. Our preliminary ex-
periments revealed that addition of 25 gg/ml anti-T3 antibody at the
initiation of culture resulted in complete abrogation of either PHA re-
sponses, Con A responses, or autologous and allogeneic mixed lympho-
cyte reactions by T cells. In addition, anti-T3 antibody at the above
concentration could not induce T cell-proliferative responses at all. In
other experiments, 5 X 10' monocytes were added to 1 X 107 B or T
cells and each was individually prestimulated for 6 or 24 h with 1 usg/
ml ofPWM. Thereafter, the individually prestimulated lymphocytes were
washed extensively. The individually prestimulated T cells and individ-
ually prestimulated B cells, or individually prestimulated T cells and
fresh B cells, or individually prestimulated B cells and fresh T cells, or
fresh T cells and fresh B cells were paired and subjected to a first culture
for 6 h in the presence or absence of PWM. B cells were then isolated
from such first cultures and added to the second assay culture systems.
Fresh lymphocytes to be used here were obtained 6 or 24 h later from
a new bleeding of the same normal individual who originally provided
the individually prestimulated lymphocytes. Purified fresh T cells and B
cells that were paired with the individually prestimulated lymphocytes
were prepared exactly as described above.

Assayfor proliferative responses byPWM-activated B cells in a second
culture. In order to examine proliferative responses of PWM-activated
B cells in the first culture, a second culture was performed in 96-well,
round-bottomed microtiter plates (Costar Data Packaging Corp., Cam-
bridge, MA). Each culture contained 5 X 101 PWM-activated or unac-

tivated control B cells from the first culture and 25% (vol/vol) ofpartially

purified T cell-derived soluble factors. All cultures were performed in a
total volume of200 jd and were harvested on day 5. Proliferative responses
were measured by the incorporation of [methyl-3H]thymidine (5 Ci/
mmol; Amersham Corp., Arlington Heights, IL) over the last 20 h of
the culture.

AssayforPFC responses byPWM-activatedB cells in a second culture.
The second culture to induce Ig-secreting cells was established in a I-ml
vol in 12 X 75 mm plastic tubes (Falcon Labware Div., Becton-Dickinson
& Co., Oxnard, CA) with 2 X I05PWM-activated or unactivated control
B cells from the first culture and 400 ,l partially purified T cell-derived
soluble factors. After 5 d culture in 5% CO2 in a humidified air atmo-
sphere, cells were harvested, washed three times in balanced salt solution,
and then assayed for their PFC responses.

When B cells were activated by PWM, IgG + IgA + IgM-producing
cells were detected in a reverse hemolytic PFC assay (14, 16, 21) in
almost all experiments. When B cells were stimulated with SAC, IgM
secretion by B cells was measured with the reverse hemolytic PFC assay.
This was done because the Ig binding characteristics of Staphylococcal
protein A that SAC would display in an insoluble form to act, at least
in part, as B cell activators, might interfere with reverse hemolytic PFC
assay for IgG-producing cells (22). Hemolytic plaques were enumerated
in triplicate and the results were expressed as the mean PFC/106 B cells
in the original culture.

Results

Requirement of T-B cell interactions for Ig production ofPWM-
but not SAC-stimulated B cells. To determine whether direct
T-B cell interactions are needed for human B cells to be activated
by SAC or PWM to maturate into Ig-secreting cells, or alter-
natively, to determine whether T cell-derived soluble factors
could be substituted for T cells, B cells (2 X 105/ml) plus mono-
cytes (2 X 104/ml) were cultured for 5 d with one ofthe polyclonal
B cell activators, SAC (0.002% vol/vol) and PWM (1 jig/ml),
and either T cells (2 X 105/ml) or T cell-derived soluble factors
(40% vol/vol). Ig-secreting cells on day 5 were measured using
reverse hemolytic PFC assays for IgM. As shown in Fig. 1, sub-
stantial PFC responses were observed by giving a stimulation
with either SAC or PWM to a combination of B cells, T cells,
and monocytes. Ig production equivalent to that in the presence
ofT cells was also observed by stimulating B cells and monocytes
with SAC in the presence ofT cell-derived soluble factors (Fig.
1). On the contrary, when PWM stimulation was given to a B
cell plus monocyte combination, Ig production did not occur
at all, even if T cell-derived soluble factors were present (Fig.
1). These results indicate that the induction of Ig production by
PWM requires direct interactions ofB cells with T cells and that
T cell-derived soluble factors cannot substitute T cells.

Optimal conditions for B cell triggering by PWM in a first
culture. To study whether the direct interactions of B cells with
T cells throughout the course of culture are needed to activate
B cells by PWM, or alternatively, whether contact of B and T
cells for only a certain period of time is sufficient, B cells, T
cells, and monocytes were stimulated with PWM in the first
culture for various periods of time. PWM-stimulated B cells
were then isolated by means of SRBC-rosetting technique, re-

moval of cells adhering to petri dishes, and complement-me-
diated cell lysis using monoclonal antibodies, OKT3 and OKM1.
These isolated B cells were further cultured for 5 d with or without
T cell-derived soluble factors in the second culture to induce
proliferative responses and PFC responses. When the first culture
was performed for <3 h, very few PFC responses were observed,
even when T cell-derived soluble factors were added to the sec-

ond culture (Fig. 2). However, substantial PFC responses were
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Figure 1. Requirement of T cells for PWM-induced, but not SAC-in-
duced, Ig production: summary of the results from eight different nor-

mal donors. B cells (2 X 105/ml) and monocytes (2 X 10'/ml) were
stimulated with SAC (0.002% vol/vol) or PWM (1I g/ml) in the pres-
ence of the following: u, T cells (2 X 105/ml); and o, partially purified
T cell-derived soluble factors (40% vol/vol). The number of cells se-

creting IgM was measured on day 5 using reverse hemolytic PFC as-

says. The mean PFC responses+SEM are shown.

induced when B cells stimulated with PWM in the first culture
for more than 6 h were further incubated in the second culture
in the presence of T cell-derived factors (Fig. 2). In data not

(Protocol)
+PWM B Cells +T Cel Factors PFC Responses

T+B+M# First Culture Isolated Second Culture Evaluated
(various Periods) (5 d)

(Results)

a 1a:c

0L1 3 6 12 2

Period of First Culture (h) @ Continuous Culture
for 5 d

Figure 2. Necessary period of time in the direct contact of B and T
cells for B cell triggering by PWM. 5 x 106 B cells, 5 X 106 T cells,
and 5 X 10' monocytes were stimulated for various period of time
with PWM (1 ug/ml) in the first culture. B cells were then isolated
from the first culture by means of SRBC-rosetting technique, removal
of cells adhering to petri dishes, and complement-mediated cell lysis
using OKT3 and OKM I monoclonal antibodies. The isolated B cells
(2 X 10'/ml) were further incubated with T cell-derived soluble fac-
tors (40% vol/vol) in the second culture. Cells secreting IgG + IgA
+ IgM were enumerated on day 5 by reverse hemolytic PFC assays.
Data represent the mean PFC responses±SEM of four separate experi-
ments using cells from four different normal donors.

shown, substantial proliferation in the second culture was also
obtained from B cells stimulated with PWM for .6 h but not
for <3 h in the first culture. The results indicate that only direct
contact ofB and T cells for a certain period ofculture is sufficient
for the B cell triggering by PWM.

The next investigation was concerned with whether B cells
are activated only in the coexistence of B cells, T cells, and
PWM or whether B cells are activated and become sensitive to
T cell-derived factors even when the first culture is established
using B and T cells individually prestimulated by PWM. To this
end, individually prestimulated B and T cells were prepared by
stimulating B cells plus monocytes and T cells plus monocytes
with PWM separately for 6 h. These individually prestimulated
B and T cells, or individually prestimulated B or T cells and
autologous fresh T or B cells were combined, incubated for 6 h
in the presence or absence of PWM (first culture), and then B
cells were isolated for the second culture containing T cell-de-
rived factors. As shown in Fig. 3, only small PFC responses were
observed when PWM was not present in the first culture of any
ofthe combinations ofindividually prestimulated B plus T cells,
individually prestimulated B cells plus fresh T cells, individually
prestimulated T cells plus fresh B cells, and fresh B and T cells.
However, when PWM was present in the first culture, substantial
PFC responses could be induced in any of the combinations of
individually prestimulated lymphocytes and/or fresh lympho-
cytes. Similar results were also obtained even when either T or
B cells were individually prestimulated for 24 h with PWM. This
indicates that B cell triggering by PWM does not occur even if
individually prestimulated B and T cells coexist, but does occur
only when B and T cells and PWM coexist.

Tcell subsets involved in B cell triggering byPWM. To iden-
tify T cell subsets involved in the B cell triggering by PWM, B
cell plus monocyte combinations added either with T4' or T8'
cells were stimulated with PWM for 6 h in the first culture.
Thereafter, B cells were isolated from the first culture and further
incubated in the second culture for 5 d in the presence ofT cell-
derived soluble factors. As shown in Fig. 4, B cells cultured with
T4' cells in the first culture showed vigorous proliferative re-
sponses and PFC responses by reacting to T cell-derived soluble
factors in the second culture. However, B cells incubated with
T8+ cells in the first culture poorly responded in both prolifer-
ation and Ig production even ifT cell-derived factors were pres-
ent in the second culture. These results indicate that B cell trig-
gering by PWM occurs only when T4', but not T8+, cells are
in direct interactions with B cells. The results presented here
also suggest the possibility ofB cell activation occurring through
the interaction ofT4 antigens on T cells and Ia-like antigens on
B lymphocytes and/or monocytes, since T4 antigens are receptors
that recognize class II antigens of the major histocompatibility
complexes (MHC) (23).

Modulation by a series of monoclonal antibodies ofB cell
triggering by PWM. Anti-Ia, anti-T3, anti-T4, and anti-T8
antibodies were added to the first culture of B cells, T cells,
monocytes, and PWM to examine the ability of the individual
antibodies to modulate the mechanisms ofB cell triggering (Fig.
5). When the first culture was performed in the presence ofanti-
Ia or anti-T4 antibody, proliferative as well as PFC responses
induced in the second culture were remarkably decreased. How-
ever, when anti-T3 and anti-T8 antibodies were added to the
first culture, both of the responses in the second culture were
not inhibited at all. These results strongly support the above
hypothesis that T4 antigens on T cells and Ia-like antigens on
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Figure 3. Requirement of the coexistence ofB
cells, T cells, and PWM for B cell triggering by
PWM. I X I07 T or B cells together with 5
X 10' monocytes were individually prestimu-
lated for 6 h with I gg/ml PWM. The cells
were then washed four times to remove PWM.
Either the individually prestimulated T cells
and individually prestimulated B cells, individ-
ually prestimulated T cells and fresh B cells,
fresh T cells and individually prestimulated B
cells, or fresh T cells and fresh B cells were
paired and incubated for 6 h with or without
PWM in the first culture. Fresh T and B cells
to be used in the first culture were obtained 6 h
later from a new bleeding from the same nor-
mal individuals who originally provided the in-
dividually prestimulated lymphocytes. Thereaf-
ter the B cells were isolated and further incu-
bated in the second culture in the presence ofT
cell-derived soluble factors. The number of
cells secreting IgG + IgA + IgM was measured
on day 5 using reverse hemolytic PFC assays.
Data represent the mean PFC responses+SEM
of four separate experiments using four differ-
ent normal donors.

non-T cells or possibly B cells are involved in B cell-triggering
mechanisms by PWM.

Effect ofvarious monoclonal antibodies in the second culture.
B cells, T cells, and monocytes were incubated with PWM for
6 h in the first culture and B cells were then isolated. Anti-Ia,
anti-T3, anti-T4, anti-T8, or anti-Tac antibodies were added
to the second culture ofthe B cells isolated from the first culture
plus T cell-derived soluble factors to examine the influence of
these individual antibodies in the second culture on the prolif-
erative and PFC responses. As shown in Fig. 6, even if these

A) Proliferative Responses

First Culture Second Culture ExP. 1

T3'

~ ~~T 4' Incubated Cel

~ ~~ W Cls timulated

PwM
for

6
h Isolated a

ctors

.0

0 5 10 15 20 25 30 35

B) Production

various monoclonal antibodies were added to the second culture,
once activated, B cells responded to T cell-derived factors suf-
ficiently, and their proliferation and Ig production were not in-
hibited by the monoclonal antibodies.

Discussion

SAC can directly activate and induce a degree of proliferation
of resting human B cells by cross-linking of the Ig receptors on
B cell surfaces without requirement for the process of self rec-

Exp. 2 Exp. 3

3H-Thymdine Incorporated (cpmxI-O3)

Exp. 4

A,T3'

B+M#| Incubated B Cells M-
T 4 Stimulated

Fatr

!|j~ for 6 h Isolated

T8'

0 1 2 3 4

IgG

Figure 4. Requirement of T4', but not T8+, cells for B cell triggering
by PWM. 5 X 106 B cells and 5 X 101 monocytes were incubated for 6
h with I Ag/ml PWM in the presence of the following: ., 5 X 106 T3+
cells; a, 5 X 106 T4+ cells; and a, 5 X 106 T8' cells (first culture). The
B cells were then isolated from the first culture and further incubated
for 5 d with partially purified T cell-derived soluble factors in the sec-

5 0 1 2 3 4 5 6 7 0 2 4

+1A+ IsM-PFC Reeoonsee(PFC x10- 3/10B Cal).

ond culture. Proliferative responses were measured by incorporation
of [3H]thymidine during the last 20 h of the second culture. Cells se-
creting IgG + IgA + IgM were measured by reverse hemolytic PFC
assays. Similar results were obtained from three additional experi-
ments.
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Proliferative Ig Figure 5. Effect of addition of a
First Culture Second Culture Responses Production series of monoclonal antibodies

to the first culture on the B cell
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lB+T+M|u anti-la monocytes were stimulated for 6

+ I + ~~Incubated BClsPWM4- T Cell- 1N-BCel Stimulated + h with 1 gm PWM in the first
PWMant'-T for 6 h solated B Factors\( anti-T3 for 6 h Isolated BtmulatedlL culture in the presence of the fol-

lowing: o, medium;m, 25 ,g/ml
anti-T4 w ^ anti-Ia-like antibody; a, 25 fsg/ant-T8-lpml anti-T3 antibody; ., 25 ,g/mlanti-T8 anti-T4 antibody; and m, 25 jsg/

02i10214.1) 2 810 12 14 16 ml anti-T8 antibody. The B cells
were then isolated and further in-

3H-Thymidine Incorporated 1.G+ISA+IgM-PFC Responses cubated for 5 d in the second
(cPmX1O-3) (PFCx10-3/105B Cells)

culture in the presence ofT cell-
derived soluble factors. Proliferative responses were measured by incorporation of [3H]thymidine during the last 20 h of the second culture. Cells
producing IgG + IgA + IgM were measured by reverse hemolytic PFC assays. Data represent the mean responses+SEM of 10 separate experi-
ments using cells from 10 different normal donors.

ognition through the interaction ofT and B cells (7). Moreover,
when T cell-derived soluble factors including IL-2, BSF, and
BCDF coexist, a proliferative state ofthe SAC-stimulated B cells
is much enhanced and sustained. In addition, these cells can be
further induced to differentiate into Ig-secreting cells (8, 18). On
the other hand, PWM activates B cells and induces their prolif-
eration and Ig production if combined with adequate help ofT
cells (1 1). Our results also support the above results well. We
have further extended those results to elucidate not only the
precise B cell-triggering mechanisms but also complete activation
mechanisms that drive a cell through proliferation as well as
differentiation by PWM. We have demonstrated that the B cell
triggering by PWM occurs through the interactions of B cells
and T4' cells, and that effective interactions occur only when
the three are in direct contact. It was also clarified that the in-
teractions occurring between T and B cells rest upon the rec-
ognition by T4' cells of the Ia-like antigens on B cells and/or
monocytes, that once B cells are triggered by PWM through
such interactions, these activated cells become sensitive to T
cell-derived soluble factors containing proliferative as well as
differentiation signals, so that the proliferative responses and Ig
production thereafter occur with T cell-derived factors alone.

It is known that T4' cells are major T cell subsets that func-

tion as helper cells in the PWM-stimulated Ig production system
(12, 13). T4' cell plus B cell combinations induce much more
Ig production than do T8' cell plus B cell combinations (12,
13). We have provided evidence that the difference in helper
activity between T4' and T8' cells is also observed in the B
cell-triggering phase and that only B cells in intimate contact
with T4' cells are triggered and reach the proliferation and dif-
ferentiation phases in the cascade of B cell-activation mecha-
nisms. Suppressor or cytotoxic cells are mainly distributed in
T8' cells (13). To maturate into effector cells oftheir precursors,
T8+ precursors must go through the interactions with T4+ cells
that bear the function as inducer cells (15, 24). Therefore, the
failure ofB cell activation in the T8+ cell plus B cell combinations
could be due to the failure ofT8+ cells to recognize B cells rather
than to the suppressor or cytotoxic effect ofT8+ cells. Difference
in helper activity between T4+ and T8+ cells would also be ex-
pected to exist in the differential ability to produce T cell-derived
soluble factors. In this regard, our preliminary experiments re-
vealed that PWM-stimulated T4+ and T8' cells produced equally
active IL-2, BSF, and BCDF activities, suggesting that the dif-
ference in helper activity between the T4' and T8' subsets is
mainly dependent on the B cell-triggering levels.

A series of monoclonal antibodies directed at differentiation
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Figure 6. Effect of addition of
a series of monoclonal anti-
bodies to the second culture
on the proliferation and dif-
ferentiation of B cells that
have been already triggered
by PWM. B cells were first
activated for 6 h with PWM
in the first culture in the pres-
ence ofT cells and mono-
cytes. B cells isolated from
the first culture were further
incubated for 5 d with T cell-
derived soluble factors in the
second culture in the pres-

3H-Thymidine Incorporated IG+IgA+lgM-PFC Responses ence of the following: 0, me-
(cPmX10- 3) (PFCX 10- 3/10OB Cells) dium; a, 25 jg/ml anti-Ia an-

tibody; ,, 25 jug/ml anti-T3 antibody; *, anti-Tac ascites at a final dilution of 1:1,000; a, 25 jg/ml anti-T4 antibody; and u, 25 tg/m1 anti-T8
antibody. Proliferative responses were measured by incorporation of [13H]thymidine during the last 20 h of the second culture. Cells secreting IgG
+ IgA + IgM were measured by reverse hemolytic PFC assays. Data represent the mean responses+SEM of eight separate experiments using cells
from eight different normal donors.
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antigens on T or B lymphocyte surfaces have been used in recent
years in the analysis of the role of these antigens in a complex
series of immune responses. Monoclonal antibodies against T4
antigens, for instance, are known to selectively inhibit the helper
activity or cytotoxic activity ofT4' cells (25, 26). It is also known
that T4 antigens play an important role in lymphokine produc-
tion, helper activity, or cellular interactions by which the pro-
liferation and Ig production can be induced either in autologous
mixed lymphocyte reactions or antigen-specific systems (27-29).
Monoclonal antibodies against T8 antigens selectively interfere
with the suppressor activity or cytotoxic activity of T8' cells
(25, 26). More recently, it has been furthor found that T4 and
T8 antigens do recognize and respond to MHC antigens, T4
molecules bind to a constant region of a class II MHC gene
product, and T8 antigens represent receptors for a constant re-
gion of a class I MHC gene product (23). On the other hand,
the antibodies against T3 antigens not only act on T cells and
induce their proliferation (30, 31) but also act to suppress func-
tional maturation ofT cells after antigenic stimulation (25, 32)
as well as to inhibit the development of effector functions of
cloned T cells (33). The antibodies against Ia-like antigens are
also known to suppress both cellular immunity and humoral
immunity well (4, 34, 35).

Our results also revealed suppressive effects by anti-Ia-like
antibodies and anti-T4 antibodies when added to the first cul-
ture. Probably the occurrence of direct interaction of Ia-like an-
tigens on B cells and T4 antigens on T4' cells is essential to B
cell triggering and both of the antibodies might have blocked
the interaction and consequently the activation of B cells. It is
not clear from the results presented in this paper whether the
interactions between T4 antigens and Ia-like antigens occurred
between T and B cells, or whether anti-Ia antibodies acted on
Ia-like antigens only on macrophages, but not on B cells, resulting
in blocking the function of macrophages and subsequent acti-
vation of T cells (36), whereby B cells failed to evolve into Ig-
producing cells. If the latter is the case, T cells that have been
individually prestimulated with PWM in the presence ofmono-
cytes could be activated, such that if individually prestimulated
T and B cells are combined without PWM (first culture), the B
cells should be rendered sensitive to T cell-derived soluble factors
during the first culture. However, such B cells from the first
culture did not respond to exogenous T cell-derived soluble
factors, so that these cells neither proliferated nor differentiated
in the second culture (Fig. 3). Moreover, it has in general been
known that T cell activation by mitogens, particularly PHA and
Con A, requires the recognition ofmitogens by the T3-Tin com-
plexes as well as the recognition of Ia-like antigens on macro-
phages by the T4 antigens (30, 31). The results that anti-T3
antibodies did not block the B cell triggering by PWM (Fig. 5)
indicate that the T cells that contact with PWM-stimulated B
cells are not necessarily limited in activated cells but all that is
necessary is for T4+ cells, either activated or unactivated, to
recognize Ia-like antigens on B cells. Thus it is likely that the
Ia-like antigens that T4 antigens recognize are, at least in part,
those on B cells. It is known that anti-Ia antibodies can induce
suppressor T cells (37) and that some activated T4+ cells function
in the role of suppressor cells (14, 16, 38). However, it is very
unlikely that suppressor function by either T4+ or T8+ cells that
might be generated in the first culture might be mediated by
anti-Ia antibodies, because anti-Ia antibodies should have first
activated either T4+ or T8+ cells and rendered the profound
suppressor activity to these cells in the course of 6 h in the first

culture. Moreover, these suppressor effector cells should have
also inhibited the B cell triggering in the very same course of 6
h in the first culture.

The effect ofa series ofmonoclonal antibodies in the second
culture was also investigated. Once B cells were triggered in the
first culture, they proliferated and went on to differentiate into
Ig-secreting cells in the second culture, regardless ofthe presence
ofanti-Ia, anti-T3, anti-T4, anti-T8, or anti-Tac antibody. IL-
2 receptors, Tac antigens, have been found to be expressed on
B lymphocytes as well in recent years (39-41) and it has been
documented that IL-2 exerts a direct effect on B cell function
(41). As far as our results are concerned, Ig production was not
inhibited even if anti-Tac antibodies were added to the second
culture of PWM-activated B cells. Conceivable reasons for this
phenomenon would be (a) the possibility that BSF and BCDF
as well as IL-2 would be enriched in our preparations ofT cell-
derived soluble factors and that complementary proliferation
and differentiation by BSF and BCDF would occur even though
the proliferation through interactions of IL-2 and IL-2 receptors
is impeded by anti-Tac antibodies and (b) the possibility that B
cell subsets activated by PWM would maturate in an IL-2-in-
dependent manner. Further study is now underway on this point.
On the other hand, the fact that anti-Ia-like antibodies have no
inhibitory effect in the second culture indicates that the respon-
siveness to T cell-derived factors of B cells that once have been
activated and become sensitive to the factors could no longer
be mediated by Ia-like antigens. Thus, the in vivo use of mono-
clonal antibodies to regulate immune responses, particularly ac-
tivation steps of B cells, should require a careful evaluation to
determine in which phase(s) ofthe activation cascade abnormal
B cells reside and the selection ofproper monoclonal antibodies,
depending on the phase in this cascade. We hope that our results
will provide new and potentially important avenues ofapproach
to the clinical use of monoclonal antibodies in the future.
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