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T lymphocyte mitogens are excellent in-
ducers of suppressor cell activity in mouse
lymphoid cell cultures (1-4). An array of
lymphokines, including interferon, is pro-
duced by lymphocyte cultures that have
been stimulated by these mitogens (5-7). In
the mouse system, mitogen-induced (mito-
gen-type) interferon is antigenically differ-
ent from virus-induced (virus-type) inter-
feron (7), and may be identical or related to
antigen-induced (antigen-type) interferon
(8). It is becoming clear that, depending
upon the inducer and the stimulated cell,
there are several types of interferons that
can be produced by mammalian cells. The
following is defined for operational pur-
poses:

1. Virus-induced (virus-type) interferon.
This term is used for interferon produced in
lymphoid or nonlymphoid cells following
stimulation by virus or double-stranded
RNA. This interferon is sometimes called
type I interferon in the murine system.

2. Mitogen-induced (mitogen-type) inter-
feron. This term is used for interferon pro-
duced in lymphoid cells following stimula-
tion by T lymphocyte mitogens. This inter-
feron is antigenically distinct from virus-in-
duced (virus-type) interferon.

3. Antigen-induced (antigen-type) inter-
feron. This term is used for interferon pro-
duced in antigen-primed lymphoid cells
upon second exposure to the specific anti-
gen. This interferon is also antigenically dis-
tinct from virus-induced (virus-type) inter-
feron, and is sometimes called type II inter-
feron in the murine system. It is tentatively
felt that mitogen- and antigen-type interfer-
ons are the same substances in the murine
system since no evidence to the contrary is
presently available.

We are interested in the possible role of
mitogen-induced interferon in the media-
tion of mitogen-induced suppressor cell ac-
tivity. Several T cell mitogens are compared

here, then, for their relative ability to sup-
press the in vitro plaque-forming cell re-
sponse of mouse spleen cells, and to stimu-
late the production of interferon in mouse
spleen cell cultures. Concanavalin A, phyto-
hemagglutinin P, and staphylococcal entero-
toxin A are the T cell mitogens examined.
This report will show that the relative abili-
ties of these substances to stimulate inter-
feron in the cultures are quantitatively re-
lated to their ability to induce the suppres-
sor cell state.

Materials and methods. Mice. C57B1/6
female mice were obtained from the Labo-
ratory Supply Company, Indianapolis, Ind.

Sheep red blood cells (SRBC). SRBC (9)
were obtained from the Colorado Serum
Company, Denver, Colo. The SRBC used
throughout the study were obtained from a
single sheep (No. 446).

Diluent. Spleen cells at the time of har-
vesting, SRBC, mitogens, and interferon
were all suspended or diluted in Eagle’s
minimal essential medium (MEM) contain-
ing spinner salts, but no L-glutamine or so-
dium bicarbonate (9).

Mitogens. Concanavalin A (Con A),
twice crystallized, was obtained from ICN
Pharmaceuticals, Cleveland, Ohio. It was
stored at room temperature. Substocks di-
luted in modified MEM were stored at
—70°. Staphylococcal enterotoxin A (SEA)
was produced by the Microbial Biochemis-
try Branch, Division of Microbiology,
Food and Drug Administration, Cincinnati,
Ohio (10). Its purity was estimated to be
>99% by extinction coefficient (11). Puri-
fied phytohemagglutinin P (PHA-P) was ob-
tained from Difco Laboratories, Detroit,
Mich. Substocks were diluted in modified
MEM and stored at —20°.

Cultures. Dissociated normal mouse
spleen cells were cultured for in vitro anti-
SRBC plaque-forming cell (PFC) response
exactly as described by Mishell and-Dutton
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(9). Cultures consisted of 1 ml of 1.5 x 107
spleen cells and 3 x 10%® SRBC. All PFC
responses were determined at Day 5. Cell
viabilities were determined by trypan blue
dye exclusion. Direct PFC assays were per-
formed on microscope slides as previously
described (12). A single lot (C640521) of
fetal calf serum, obtained from Gibco Diag-
nostics, Grand Island, New York, was used
throughout the study. All results are ex-
pressed as the average of duplicate cultures.

Mitogen induction of interferon. Mouse
spleen cell cultures were prepared exactly as
described above for in vitro PFC response
except for the absence of SRBC. Various
concentrations of the mitogens were added
to the cultures and the cells were routinely
incubated for 48 hr under the above de-
scribed conditions (9). Supernatant fluids
were obtained by centrifugation of the har-
vested cultures at 1000 rpm in an RC-3
Sorvall centrifuge at 7°. These fluids were
assayed on the day of harvest for mitogen-
induced interferon activity in mouse L cells
by a slight modification of the method of
inhibition of cytotopathic effect of vesicular
stomatitis virus (100 TCID;e/challenge
dose) (13).

Results and discussion. The relative abili-
ties of various concentrations of Con A,
PHA-P, and SEA to inhibit the PFC re-
sponse when added to cultures at the same
time as antigen are shown in Fig. 1. Coeffi-
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Fic. 1. The suppressive effect of various T lym-
phocyte mitogens on the primary in vitro PFC response
to SRBC. Mitogens were added at the time of SRBC
addition, and direct anti-SRBC PFC/culture was deter-
mined on Day 5. PFC responses are expressed as the
mean of duplicate determinations = SD. The responses
are representative of three experiments.
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cients of variation for duplicate determina-
tions were generally less than 20%. SEA
was the most effective inhibitor, 0.01 ug/ml
resulting in 88% inhibition of the PFC re-
sponse, while 0.1 ug/ml and greater concen-
trations caused >99% inhibition of the anti-
SRBC PFC response. Con A was the sec-
ond-most effective inhibitor, with 1.25 ug/
ml inhibiting the PFC response by 78%.
Concentrations of 2.5 ug/ml or greater re-
sulted in >90% inhibition of the anti-SRBC
PFC response. Interestingly, 2.5 pg/ml of
Con A was more inhibitory than 5 and 10
pg. This pattern of inhibition was observed
in repeated experiments. Con A was non-
toxic to spleen cells up to 2.5 ug/ml. Slight
toxicity was observed at 5 and 10 ug of Con
A. PHA-P was the least effective inhibitor
of the PFC response; 10 ug/ml was required
for 76% inhibition.

Representative data demonstrating the
relative abilities of Con A, PHA-P, and
SEA to stimulate mouse spleen cell cultures
to produce mitogen-type interferon are pre-
sented in Fig. 2. Coefficients of variation for
duplicate determinations were generally less
than 25%. The interferon assays were car-
ried out in cultures separate from those used
for PFC responses, because of the differ-
ences in incubation times of the two sys-
tems. The data in Figs. 1 and 2 are evalu-
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Fic. 2. Stimulation of the production of mitogen-
type interferon in C57B1/6 mouse spleen cell cultures
by various T lymphocyte mitogens. Spleen cells and
mitogens were incubated for 48 hr under conditions as
described for the PFC response. Interferon concentra-
tions are expressed as the mean of duplicate determina-
tions * SD. The SD (not plotted) for 0.001 ug of SEA
is 146. The responses are representative of three exper-
iments.
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ated, then, for broad correlations at various
mitogen concentrations, rather than at a
specific mitogen concentration. SEA was
the most effective stimulator of interferon;
134 NIH reference units of interferon/ml
were produced at 0.001 wug/ml and 644 to
1323 units/ml at 0.01 to 10 ug of SEA/mI.
Con A stimulated the cultures to produce
150 and 189 units of interferon/ml at 0.1
and 1.0 pg/ml, respectively. At 0.01 ug of
Con A/ml, only 13 units of interferon were
produced. At 5 and 10 ug of Con A/ml, the
amount of interferon produced significantly
declined. This was probably due to the fact
that Con A was cytotoxic at these concentra-
tions. The Con A interferon data are con-
sistent with the slight recovery of the PFC
response (Fig. 1) at the higher concentra-
tions of Con A. PHA-P was the least effec-
tive inducer of interferon; 10 wg/ml stimu-
lated the cultures to produce 32 units of
interferon/ml, and 100 wg stimulated 100
units. Lesser concentrations of PHA-P did
not stimulate the production of interferon in
the cultures. SEA was the most effective
inhibitor of the PFC response and was the
best inducer of mitogen-type interferon, fol-
lowed by Con A, with PHA-P being the
least effective. This was generally observed
both in terms of the concentration of mito-
gen required for the observed biological ac-
tivity, and for the extent of the measured
activity. Repeated experiments resulted in
the same response patterns as illustrated in
Figs. 1 and 2, although absolute values var-
ied between experiments.

Kinetic studies (Fig. 3) demonstrated that
SEA induction of interferon was substantial
at 48 hr of culture, the incubation time used
for the data of Fig. 2. A further increase in
interferon activity was sometimes observed
on Days 3 and 4 of culture. Occasionally a
decline in interferon activity was observed
on the fifth day of mitogen stimulation of
spleen cultures (data not shown). The kinet-
ics of interferon production by SEA-stimu-
lated cultures are similar to those observed
for Con A- and PHA-P-stimulated cultures
(14). A 48-hr incubation time appears suita-
ble, then, for assessing the relative abilities
of these mitogens to stimulate interferon
production.

The mitogen-induced interferons are spe-
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Fic. 3. Kinetics of SEA stimulation of interferon
production in C57B1/6 mouse spleen cell cultures.
SEA was used at 0.5 ug/ml. The SD (not shown) is
similar to those of interferon assays in Fig. 2.

cies specific (7, 8). They did not exhibit
antiviral activity in human WISH cell lines.
It has previously been demonstrated that
the mitogen-type interferon is antigenically
distinct from virus-type interferon (7, 8);
antibodies to virus-type interferon blocked
the antiviral activity and PFC inhibitory ac-
tivity of virus-type interferon, while having
no inhibitory effect on mitogen-type inter-
feron.

The data are consistent with the interpre-
tation that mitogen-type interferon might be
the mediator of mitogen-induced suppressor
cell activity. Further, it is possible that mito-
gen-type interferon, mitogen-induced mac-
rophage migration inhibitory factor (MIF),
and mitogen-induced soluble immune re-
sponse suppressor (SIRS) may be biological
expressions of the same substance (7, 8, 15,
16). It has not been possible to separate
MIF and antigen-induced interferon (8).
Neither has SIRS activity been separated
from MIF activity (15). The interferon assay
system, as demonstrated here, may be a
convenient technique for quantitating these
biological activities.

Prerequisite to purification of mitogen-
type interferon for characterization and im-
munization for specific antibodies is a deter-
mination of the most suitable inducers. We
have shown here that SEA is the most po-
tent inducer of mitogen-type interferon and
that this inducer is highly active over a wide
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range of concentrations. The data presented
here are consistent with and supportive of
previous studies indicating a relationship be-
tween mitogen-type interferon and regula-
tion of the immune response by suppressor
T cells (7).

Summary. Several T cell mitogens, con-
canavalin A (Con A), phytohemagglutinin P
(PHA-P), and staphylococcal enterotoxin A
(SEA), were compared for their ability to
inhibit the in vitro antibody response and to
stimulate the production of mitogen (anti-
gen) -type interferon in mouse spleen cell
cultures. It was found that the ability to
inhibit the plaque-forming cell (PFC) re-
sponse to sheep red blood cells was propor-
tional to the ability of these mitogens to
induce interferon in the cultures. SEA was
the most effective inhibitor of the PFC re-
sponse and the best inducer of mitogen-type
interferon, followed by Con A, with PHA-P
being the least effective. The data suggest
that SEA would be the most suitable in-
ducer of mitogen-type interferon in quantity
as a prerequisite to purification and charac-
terization of the molecule. The data are sup-
portive of previous studies suggesting a role
for mitogen (antigen) -type interferon in
regulation of the immune response via sup-
pressor T cells.
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