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Inhibition of Humoral and Cell-Mediated Immune

Responses in Man by Distinct Suppressor Cell Systems

PETER I. LOBO and CLINTON E. SPENCER, Renal Immunology Division, Department
of Internal Medicine, University of Virginia Medical Center,

Charlottesville, Virginia 22908

ABSTRACT Studies were designed to investigate
whether the suppressor cell systems that regulate the
humoral and cell-mediated immune responses belong
to the same subsets of T cells or different subsets. Mito-
gen-activated suppressor cells were simultaneously as-
sayed for their ability to inhibit (¢) pokeweed mitogen-
induced generation of plasma cells, (b) blastogenic
response of lymphocytes to allogeneic cells, and (c¢)
generation of killer cells in the cell-mediated lympho-
cytotoxicity assay. We found that suppressor cells that
inhibited the generation of plasma cells were activated
by concanavalin A (Con A) and were both radiation
and prednisone sensitive. Suppressors that inhibited
the blastogenic response in lymphocytes to allogenic
cells were also activated by Con A but differed in that
they were both radiation and prednisone resistant. In
contrast, suppressors that inhibited the generation of
the killer cells were activated with phytohemagglutinin
and not Con A. These suppressors were prednisone and
radiation resistant. These observations cannot be ex-
plained by differences at the pro-suppressor or sup-
pressor activator levels as both T cell subsets are
radiosensitive. Alternatively, heterogeneity of suppres-
sor cell systems may explain these differences.

INTRODUCTION

Lymphocytes with suppressor and helper activity are
now recognized to be important in the regulation of
humoral and cell-mediated immune responses (1, 2).
Considerable evidence has now emerged to indicate
that stimulatory and inhibitory influences are mediated
by different cells and not the same cells (3-5). More
recently, it has been demonstrated that interaction be-
tween different subsets of T cells and non-T cells are
required to generate suppressor activity (5-7). In the
present paper we present evidence to indicate that the
suppressor cell systems (i.e., the complex of interact-
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ing T cells, non-T cells, and macrophages) that regulate
humoral and cell-mediated immune systems are dis-
tinct. In these studies, suppressor cells were activated
by mitogens, which nonspecifically suppress both
humoral and cell-mediated immune responses (8, 9).

METHODS

Isolation of lymphocytes. Lymphocytes were separated
from fresh heparinized blood (50 U beef heparin/ml blood)
from healthy, volunteer adult donors by Ficoll-Hypaque den-
sity gradient centrifugation (Ficoll, Pharmacia Fine Chemicals
Inc., Piscataway, N. J.; Hypaque, Winthrop Laboratories, New
York) and then finally resuspended in RPMI 1640 (Grand
Island Biological Co., Grand Island, N. Y.) containing 20%
heat-inactivated human AB serum, 80 um/ml glutamine, 50
pg/ml streptomycin, and 50 ug/ml penicillin (RPMI culture
medium).

Generation of suppressor cells by mitogen stimulation.
Previously described techniques were used (10, 11). Aliquots
of 3 x 108 cells suspended in 1 ml of RPMI were incubated
for 48 h at 37°C in Falcon plastic tubes (12 x 75 mm; Falcon
Labware, Div. of Becton, Dickinson & Co., Oxnard, Calif.).
These “precultures” were performed either in culture medium
alone (control) or in the presence of 32 ug/ml concanavalin A
(Con A,! grade III, lot 16C-7210, Sigma Chemical Co., St.
Louis, Mo.) or 0.1 ml phytohemagglutinin P (PHA; lot 626708,
1:15 dilution of stock solution, Difco Laboratories, Detroit,
Mich.). After 48 h, precultures were paralyzed with mitomycin
C (25 pg/ml, during 20 min at 37°C, ICN Nutritional Bio-
chemicals, Cleveland, Ohio), washed four times with RPMI,
and made up to a final concentration of 2 x 10 cells/ml before
use in the various assay systems to quantitate suppressor cell
activity. In certain experiments, cells were exposed to methyl-
prednisolone (10 ug/ml, Upjohn Co., Kalamazoo, Mich.) or
radiation (2,000 rad) just before adding the mitogen. The
methylprednisolone was present throughout the preculture
period.

Pokeweed mitogen (PWM )-induced production of intracyto-
plasmic immunoglobulin (Ig). In this assay, freshly prepared
cells in RPMI (2 x 108 cells) were incubated with PWM
(Grand Island Biological Co., lot C477101) to achieve
a final concentration of 1:100 of the stock solution of

' Abbreviations used in this paper: CML, cell-mediated
lymphocytotoxicity; Con A, concanavalin A; MLC, mixed
lymphocyte culture; PHA, phytohemagglutinin; PWM, poke-
weed mitogen.
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mitogen. PWM-treated cells were cultured for 8 d (5% CO,,
37°C) in Falcon plastic tubes and production of intracyto-
plasmic immunoglobulin was determined by making cytocen-
trifuge preparations of cells as described (12) and staining
these preparations with goat antiserum to human Ig (poly-
valent, Hyland Diagnostics Div., Travenol Laboratories, Inc.,
Costa Mesa, Calif.). Between 2,000 and 3,000 cells were
counted to determine the percentage of cells with intra-
cytoplasmic Ig. )

One-way mixed lymphocyte culture (MLC). 0.05 ml of
freshly prepared responder cells (2 x 10%/ml) in RPMI were
mixed with an equal volume of freshly prepared mitomycin
paralyzed allogeneic stimulator in microculture plates. The
cultures were incubated for 6 d (5% CO,, 37°C) and [*H]thy-
midine uptake (blastogenic response) was determined after
adding 2 ul of the isotope to each well for the last 18 h of
incubation.

Cell-mediated lymphocytotoxicity (CML). Invitro genera-
tion of killer cells was achieved by described techniques (13).
Briefly, MLC cultures in Falcon plastic tubes that contained
1 ml each of freshly prepared responder and stimulator cells
(1.5 x 10¢ cells/ml) were incubated for 8 d. Development of
cytotoxicity activity (CML) was quantitated by incubating
washed cultured cells (in 0.15 ml RPMI) for 5 h with 5Cr-
labeled target cells (1.5 x 10*cells in 0.15 m]l RPMI), obtained
from the same donor as the stimulator cells in the MLC. In
this assay, macrophage-depleted target cells were preincu-
bated with PHA (0.1 ml of 1:120 dilution of stock solution
of PHA to 1 ml of cells that contained 3—5 x 108 cells) for 48 h be-
fore labeling with 5!Cr for use in the CML assay. The degree of
target cell destruction was obtained by the following equation:
percentage of cytotoxicity = (experimental — spontaneous re-
lease x 100)/(freeze-thaw — spontaneous release, where
spontaneous release equals release of 3!Cr from target cells
when left in RPMI and freeze-thaw release equals maximum
release determined by rapidly freeze-thawing target cells
three times in liquid nitrogen.

Basic experimental design to determine mitogen-induced
suppressor cell activity. Aliquots of control (cells precul-
tured in RPMI without mitogens) and mitogen-activated sup-
pressor cells were added at the initiation (day 0) of the various
assay systems, which are (@) PWM-induced intracytoplasmic
Ig, (b) MLC, and (c) CML. The number of precultured cells
added was the same as the number of responder cells in these
assay systems. Mitogen-activated suppressor cells were ob-
tained from the same donor as the responder cells in these
assays (autologous suppression). The degree of suppression or
enhancement was determined by the following equation: per-
centage of inhibition (or enhancement) = (response with MS
— response with CS x 100)/response with CS, where MS
represents mitogen-activated suppressor cells and CS repre-
sents cells cultured in RPMI without mitogens. A greater than
20.0% inhibition was regarded as suppression in these
experiments.

Preparation of enriched non-T target cells. Isolated
lymphocytes were subjected to rosette formation with unsen-
sitized sheep erythrocytes by published techniques (14). After
overnight incubation at 4°C, the rosette suspension was
Ficoll-Hypaqued at 4°C. Cells at the interface were washed
three times in RPMI and utilized as non-T cells. Such prep-
arations had >50% IgM staining lymphocytes and were keptin
culture at 37°C for 72 h before being labeled with 3Cr and
utilized as targets in cytotoxicity assays.

Removal of macrophages from mononuclear cell suspen-
sions. Isolated mononuclear cell suspensions in RPMI with
10% fetal calf serum were incubated in plastic dishes at 37°C
for 45 min. Nonadherent cells were gently washed off these
dishes and re-incubated a second time in similar dishes before
such nonadherent cell suspensions were used in macrophage-
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depleted experiments. With this procedure, the percentage of
contaminated macrophages, identified by ingestion of latex
particles or eucrysine staining of lysozymes was reduced from
a mean of 18% (range 12-32%) to <3%.

RESULTS

Effect of Con A-precultured lymphocytes on PWM-
induced intracytoplasmic Ig. As shown in Table I,
autologous Con A-precultured lymphocytes inhibited
the production of intracytoplasmic Ig by lymphocytes.
This inhibitory effect was abolished when lympho-
cytes, before activation with Con A, were pretreated
with methylprednisolone or radiation, indicating that
the suppressor cell system inhibiting Ig production was
sensitive to prednisone and radiation. Sensitivity to
prednisone and radiation was detectable (i.e., 50% loss
of activity) at 2.0 ug and 600 rad, respectively.

Previous investigators have demonstrated that Con
A-induced suppressors of Ig synthesis are inactivated
by mitomycin C treatment (7). Because our data are
contrary to published reports, we repeated these stud-
ies with (¢) Con A-induced suppressors that were not
paralyzed with mitomycin C, (b) Con A-induced sup-
pressors that were paralyzed with mitomycin C at the
onset of the precultured period, and (c) Con A-induced
suppressors that were paralyzed after the 48 h precul-
ture. Representative data from two of the nine subjects
are depicted in Table II. Our studies indicate that in
the absence of mitomycin C, Con A-induced suppres-
sors inhibited Ig synthesis by 82.4+8.9 SD, whereas
the same suppressors, after mitomycin C paralysis, in-
hibited Ig synthesis by 45.0+13.1 SD. Additionally, it
is apparent that substantial suppressor activity can be
generated despite lack of cell division. Paralysis of
cells with mitomycin before the addition of Con A,
generated similar degree of suppressor activity as
paralysis after 48 h. The discrepancy between our re-
sults and that reported by others (7) cannot be explained
by incomplete paralysis of mitosis of Con A-precultured
cells. Cells pretreated with Con A for 48 h were
paralyzed with mitomycin C and then left in culture for
an additional 2-5 d. Mean [*Hlthymidine uptake in
six such experiments was 238+42 SD and not different
from controls similarly pretreated but not exposed to
mitogen.

Effect of Con A-precultured lymphocytes on blasto-
genic transformation of lymphocytes towards allogenic
lymphocytes (MLC). These studies were performed
in parallel on lymphocytes obtained from the same
donors (and on the same day) used to evaluate inhibi-
tion of intracytoplasmic Ig. As evident from Table I,
autologous Con A-precultured lymphocytes also inhib-
ited the blastogenic response in the MLC assay. How-
ever, in contrast to the inhibition of intracytoplasmic
Ig production by Con A-precultured lymphocytes, the
suppressor cell system inhibiting blastogenesis was re-



TABLE I
Effects of Prednisone and Radiation on the Generation of
Con A-Activated Suppressor Cells that Inhibit PWM-Induced
Intracytoplasmic Ig and Blastogenic Response of Normal
Human Lymphocytes to Allogenic Cells (MLC)

PWM-induced Blastogenic response
intracytoplasmic Igt in MLC assay
Ig- [H]
Sub- Precultured positive Inhibi- Thymidine Inhibi-
jects cells* cells tion§ uptake tion§
% % cpm %
M.S. Control" 5.7 45,718
Con A 3.1 —-45.6 27,260 -40.4
Con A + MP 9.1 +59.7 30,994 -32.2
Con A + rad 4.6 -19.3 25,179 —44.9
P.L. Control 6.7 89,783
Con A 2.0 -70.1 38,686 -56.9
Con A + MP 6.0 -10.4 34,766 -61.3
Con A + rad 8.8 +31.3 33,671 —-62.5
C.S. Control 14 23,724
Con A 0.6 -57.1 9,390 -60.4
Con A + MP 1.9 +35.7 10,771 -54.6
Con A + rad 2.2 +57.1 10,086 -57.5
R.K. Control 6.2 92 852
Con A 2.2 —64.5 51,685 —44.3
Con A + MP 7.3 +17.7 41,017 -55.8
Con A + rad 7.0 +12.9 55,891 -39.8

* Cells were incubated in RPMI without (control) or with
Con A (32 pg/ml) for 48 h. Cells were then treated with
mitomycin C (25 pg/ml) for 20 min, washed four times before
adding to freshly prepared autologous responder lympho-
cytes. The latter were either stimulated with PWM or with
freshly prepared mitomycin C-paralyzed allogeneic cells
(MLC assay). The number of precultured cells added was
equal to the number of responder cells. In certain experi-
ments, both control and Con A-pretreated cells were
subjected to methylprednisolone (MP, 10 ug/ml) or radiation
(2,000 rad) at initiation of these precultures. Cultures were
performed in quadruplicate and values represent a mean.

1 PWM-stimulated cells were kept in culture for 8 d, washed,
and cytocentrifuge preparations of these cells were examined
for intracytoplasmic Ig. 2,000-3,000 cells were counted to
determine the percentage of Ig-positive cells.

§ Percentage of inhibition (—) or enhancement (+) equals
response with mitogen-pretreated cells minus response
with control pretreated cells divided by response with
control pretreated cells x 100.

"Data on control precultures subjected to MP or radiation
are not included in this table as no differences were noted.
However, values for controls +MP or radiation were used
in calculations for percentage of inhibition after Con A, +MP,
or radiation.

sistent to the effects of methyprednisolone (10.0 ug) or
radiation (2,000 rad).

Because suppression of MLC responses with Con
A-precultured cells could result from excess Con A

TABLE 11
Effect of Paralysis of Cell Division by Mitomycin C on the
Generation of Con A-Induced Suppressors of Ig Synthesis

Subject P.L. Subject R.K.
Pre- Mitomycin C Ig Ig
cultures paralysis* positive  Inhibition  positive Inhibition
% %

Control None 7.8 8.6
Con A None 2.2 -72.0 0.8 -90.6
Control At onset 6.9 8.0
Con A At onset 3.8 —-44.9 3.6 -55.0
Control After48 h 6.6 84
Con A After 48 h 3.9 —-40.9 3.6 -57.1

* Cells were paralyzed with mitomycin C (25 ug/ml during
20 min at 37°C) either at the onset of the precultures or after
the cells were precultured for 48 h.

bound to cell membranes (rather than through activa-
tion of suppressive influences), we examined this pos-
sibility by incubating pretreated controls with Con A
for 1 h. Experiments from nine subjects revealed a
mean suppression of 2.0+1.0% SD.

Effect of Con A- and PHA-precultured lymphocytes
on the in vitro generation of killer lymphocytes (CML).
Because of the marked suppressive effects of Con
A-precultured lymphocytes on the blastogenic trans-
formation of lymphocytes in response to allogenic lym-
phocytes, studies were conducted to determine if the
in vitro generation of killer lymphocytes were similarly
inhibited. Autologous Con A-precultured lymphocytes
were, therefore, simultaneously added at the initiation
of either MLC or CML cultures. The data in Table III
demonstrate that Con A-precultured lymphocytes,
despite being effective suppressors of the MLC assay
(Table I), did not inhibit the generation of killer
lymphocytes. Because of previous reports indicating
that the mitogen PHA can also activate suppressor
lymphocytes, we performed similar studies with PHA-
precultured lymphocytes (15). As is evident in Table
II1, PHA-precultured lymphocytes inhibited the gen-
eration of killer lymphocytes. In two subjects, CML
responses were measured on days 6, 7, 8, and 9 to
determine if the observed suppression of CML re-
sponses on day 8 merely reflected a kinetic shift in the
CML response to an earlier time point. Data on these
two subjects indicated that PHA-precultured lympho-
cytes did not shift the CML response to an earlier time
point despite enhanced blastogenesis. Continued sup-
pression of CML response was observed from days 6 to
9. Suppressor cells capable of suppressing the genera-
tion of killer lymphocytes were, however, resistent to
the effects of the prednisone and radiation.

Studies to determine the mechanism of suppression
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TABLE III
Preculturing Autologous Cells with either Con A or PHA to
Determine if They Will Develop into Suppressor Cells that
can Alter the In Vitro Generation of Cytotoxic T
Lymphocytes (CML)

CML assay}

Precultured*

Subjects cells Cytotoxicity§ Inhibition
%
L.M. Control 42.3
Con A 46 +8.7
PHA 12 -71.6
C.S. Control 84.6
Con A 76.9 -9.1
PHA 65 -23.2
P.L. Control 84.6
Con A 78.2 -75
PHA 30.7 -63.7
J.G. Control 55.7
Con A 53.4 -4.1
PHA 9.8 -82.4

* Same as in Table I.

1 In vitro generation of killer T cells for the CML assay was
achieved by culturing 1 ml of freshly prepared responder
and 1 ml of mitomycin C-paralyzed stimulator cells (1.5 x 10°
cells/ml) for 8 d. Cytotoxicity was determined by washing
(4 times) the 8-d cultured cells and then incubating these
cells with 3'Cr-labeled target cells (1.5 x 10* cells) autologous
to the stimulator cells. Target cells were preincubated with
PHA for 48 h before labeling with 5'Cr. Precultured cells
were added at the initiation of cultures (day 0) to inhibit the
generation of killer T cells.

§ The equation for determining percentage of cytotoxicity is
described in Methods.

by Con A- and PHA-precultured lymphocytes. Hun-
ninglake and Fauci (16) have previously demonstrated
that Con A pretreatment of cells can lead to the genera-
tion of autoreactive cytotoxic cells, which are particu-
larly effective when an agglutinin is present in the
cytotoxicity assay. These observations led us to investi-
gate whether the observed suppression resulted from
cytolysis of responder lymphocytes. Particular attention
was directed to the suppression of intracytoplasmic Ig
production especially because an agglutinin (PWM)
was present in this assay system. This was evaluated
by determining whether 48 h Con A-precultured
lymphocytes were cytotoxic to non-T autologous cells,
which are enriched for responders of Ig synthesis. In
these experiments, mitomycin C-paralyzed, Con A-pre-
cultured lymphocytes were incubated with 3'Cr-la-
beled non-T cells for periods of 4—16 h at 37°C in the
presence of PWM. The data (Table IV) indicate that
mitogen-precultured lymphocytes do not lead to cytoly-
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TABLE IV
Experiments to Determine if Mitogen-Activated Precultured
Cells were Cytotoxic to Autologous Non-T
Cells and Allogeneic Cells

SICr targets*

Autologous} Allogeneic§
non-T cells cells
Precultured
Subjects cells 20:1* 60:1 20:1 60:1
% cytotoxicity
P.L. Control —_ — — —
PHA -1 +6.0 0 +9.4
Con A +7.2 +0.5 +11.1
J.G. Control — — — —
PHA 0 +7.8 -0.5 +11.1
Con A -1.5 +75 +1.0 +9.8
RK. Control — — — —
PHA +0.5 +5.1 0 +13.3
Con A -0.5 +4.9 -15 +11.5

* The figures are the difference in percentage of *!Cr release
from those cultures that contained control precultured cells.
51Cr release at 4 h was calculated with the following equation:
percentage of 3'Cr release = counts per minute in supernate
x 100/counts per minute in supernate + counts per minute in
pellet. Background isotope release varied from 15 to 22% and
maximum isotope release (freeze-thaw) varied from 71 to 85%.
1 Non-T target cells were obtained and prepared as described
in Methods. PWM was present in this cytotoxicity assay.
5 x 10*5'Cr-labeled non-T targets were incubated with varying
numbers of effectors as indicated.

§ Allogeneic targets were mononuclear cells that were kept in
culture at 37°C for 72 h before being used as targets. The
number and proportions of effector to target cells were the
same as those used in the non-T cell experiments.

I Effector to target cell ratio. Effector cells were pretreated
in RPMI that contained pooled heat-inactivated AB serum
and in the presence or absence of mitogen.

sis of these responder cells even when PWM is present
in the cytotoxicity assay provided the effector to target
cell ratio was <20:1.

The same investigators have also demonstrated that
mitogen pretreatment of cells can lead to the genera-
tion of cells that are cytotoxic to allogeneic cells. These
observations prompted us to investigate whether the
PHA-precultured lymphocytes inhibited the in vitro
generation of killer lymphocytes (CML assay) by cy-
tolysis of the stimulator cell during the initial MLC.
Accordingly, mytomycin C-paralyzed, PHA-precul-
tured lymphocytes were incubated with 3'Cr-labeled
allogeneic cells. The results (Table IV) again indicate
that mitogen-precultured lymphocytes, when used at
an effector to target cell ratio of 20:1, do not lead to
cytolysis of allogeneic cells.



Studies to determine if the differential effects of
prednisone and irradiation are dependent on macro-
phages. Studies were performed (a) to determine the
requirement of macrophages in mitogen-activated sup-
pressors of both the humoral and cell-mediated immune
responses and (b) to determine if the differential effects
of prednisone and irradiation on the various mitogen-
activated suppressors were dependent on macrophages.
Mononuclear cell suspensions depleted of macro-
phages by plating were used in these studies. Experi-
ments determining suppressor activity simultaneously
in all three assay systems demonstrated that mitogen-
activated suppressors of Ig synthesis and killer cell
activation did not require macrophages. However,
variable results were obtained for mitogen-activated
suppressor of alloantigen-stimulated blast transforma-
tion (MLC). In two of the five subjects studied, no
diminution of suppressor cell activity was observed in
macrophage-depleted, Con A-activated suppressors.
However, in the remaining three, suppressor activity
was reduced by half in macrophage-depleted prepara-
tions. Representative examples are presented in Table
V. Of importance, removal of macrophages did not alter
the pattern of sensitivity to prednisone and radiation
of the various mitogen-activated suppressors (Table V),
demonstrating that the differential effects observed
with prednisone and irradiation is at a nonmacrophage
level.

DISCUSSION

The data presented indicate that suppressor cell sys-
tems are heterogenous. Suppressors regulating Ig pro-
duction were activated by Con A and were rendered
ineffectual with prednisone or irradiation. This is in
keeping with previous observation in humans (17, 18).
In contrast, suppressors inhibiting proliferative re-
sponses were resistant to both prednisone and radia-
tion. Finally, suppressors that modulated the genera-
tion of killer cells differed from the previous two
suppressor systems in that Con A, in the doses used,
failed to activate them. Instead, they were activated by
PHA. These suppressors were, however, resistant to
both prednisone and radiation.

These results demonstrating differences in the vari-
ous suppressor cell systems cannot be accounted for by
differences in donors, preculturing techniques, and
nonspecific allotype suppression. Variations from such
causes were reduced by (@) utilizing autologous assay
cell systems, i.e., precultured mitogen-activated cells
were autologous to the responder cells, (b) performing
the various assay system in parallel, and (c) dividing
the precultured cells after mitomycin paralysis into
aliquots for the various assay systems. Additionally,
precultured cells were washed four times before ad-

TABLE V
Effect of Prednisone and Irradiation on Con A-Activated
Suppressors Depleted of Macrophages

Blastogenic response PWMe-induced

in MLC assay intracytoplasmic Ig
Sub- Precultured Macs* Macs Macs Macs
jects cells present depleted present depleted
% inhibition} % inhibition}
PL. ConA —-42.9 -53.7 —44.4 —-45.3
Con A+ MP -469 -558 +21.3 +38.7
Con A + rad -38.7 -41.2 +26.7 +42.3
G.P. ConA -49.5 -28.8 -40.2 =777
Con A + MP -54.3 —-24.5 +22.7 +44.4
Con A + rad -56.7 -27.3 +37.3 +27.3
CS. ConA -80.9 -40.6 -50.2 -66.3
Con A + MP -71.2 -41.0 +75.0 +71.4
ConA+rad -760 -55.7 +62.0 +823

* Macs, macrophages. Macrophages depleted preparations
had <3% macrophages.
{ Same as in Table I.

dition to the assay systems. Hence, the possibility of
mitogen or prednisone from the precultures affecting
the responders becomes unlikely. Rather, a direct inter-
action between the precultured, activated suppressor
and the responders has to be postulated.

It could be argued that the observed heterogeneity
in suppressors may be accounted for by differences in
mechanisms of suppression between the mitogen-ac-
tivated, precultured cells and the various responder ef-
fector systems. Specifically, the mitogen-activated, pre-
cultured cells could give rise to a suppressive effect by
(a) killing of the responders in one system (for example,
with intracytoplasmic Ig) and (b) killing of the allo-
geneic stimulators in the other systems (for example,
with the MLC or CML assays). With regard to the first
possibility there is evidence to indicate that Con A
pretreatment of cells can lead to the generation of auto-
reactive cytotoxic cells that are particularly effective
when an agglutinin is present in the cytotoxic assay
(16). Hence, suppression of intracytoplasmic Ig may
be predominantly the result of cytolysis of the re-
sponder cells because of the presence of PWM in the
assay system. In examining this possibility, we found
no evidence of increased cell death in this assay system,
thus also confirming previously made observations (19,
21). With regard to the second possibility, Hunninglake
and Fauci (16) have demonstrated that mitogen-acti-
vated cells were highly cytotoxic for allogeneic target
cells. Hence, suppression of the CML assay observed
with the PHA-activated precultures could represent
a direct cytotoxicity of such mitogen-activated cells

Suppressor Cell Heterogeneity 1161



towards the allogeneic stimulator cell in the CML or
MLC assay. This possibility was untenable in our sys-
tem because lysis of stimulator cells was observed by
these investigators and also by us only when the ratio
of mitogen-activated cells to target cells was >20:1.

A more plausible explanation for the apparent hetero-
geneity is that suppression of humoral and cellular im-
mune mechanisms may indeed be mediated by distinct
suppressor cell systems. Previous investigators have
convincingly demonstrated that mitogen-activated sup-
pressors requires the interaction of T-cell subsets (sup-
pressor cell precursors and suppressor “amplifiers”), a
non-T, non-B-cell subset, and macrophages (5-7). Our
data would indicate that the heterogeneity of suppressor
cell systems lies at the T-cell level mainly because of
(a) persistence of the pattern of sensitivity to pred-
nisone and irradiation of the various mitogen-activated
suppressors despite macrophage depletion, (b) require-
ment of different mitogens to activate the various sup-
pressor cell systems (PHA but not Con A can activate
suppressors of the CML assay), and (c) the studies of
Broder et al. (5) demonstrating in humans that the sup-
pressor cell precursors and suppressor amplifiers that
regulate Ig production are both radiosensitive. Addi-
tional evidence in humans supporting the concept of
heterogeneity at the T-cell level is data in the present
studies and those of other investigators indicating that
macrophages are not important to generate mitogen-
activated suppressors that regulate Ig production (22)
and that non-T cells are not required to generate Con
A-activated suppressors that regulate the blastogenic
response (15, 23). That regulatory populations may in-
deed derive from different T-cell pools has also been
suggested by others (24, 25). Tada et al. (24), in par-
ticular, have demonstrated in an antigen-activated
helper cell system that distinct types of helper cells
(Ly 1, Ia— or Ly 1, Ia+) were activated depending on
whether the hapten and carrier were in one molecule
or separate.

A surprising observation was the presence of sub-
stantial suppressor activity of the Con A-induced
suppressors of Ig synthesis despite mytomycin C
paralysis. Our results agree to some extent with those of
other investigators who demonstrate that mitomycin C
inhibits the generation of Con A-induced suppressors
of Ig synthesis, but our data are at variance in that this
inhibition is not complete (7). Furthermore, the
discrepancy between our results and that reported by
these investigators, could not be explained by
incomplete inhibition of blast transformation of Con A-
activated cells. Our results are, however, in keeping
with those of others demonstrating that mitomycin C
paralysis does not inhibit the generation of Con A-
induced suppressors of blastogenesis (15, 23). More
studies, however, are needed in this area to resolve
these conflicting reports.
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Nonspecific activation of large numbers of suppres-
sor cells with mitogens may be entirely different from
the in vivo situation, which depends on antigen-specific
suppressor cell activation. Perhaps the differences we
observed may be purely artificial and not exist in vivo.
However, the association of hypergammaglobulinemia
with a reduction in cell-mediated immunity (e.g., in
systemic lupus erythematosus and sarcoidosis) and the
converse (e.g., in variable hypogammaglobulinemia) is
difficult to explain purely on the basis of an imbalance
of a single suppressor cell system. The observation by
Stobo et al. (26) demonstrating that suppressor T cells
from patients with disseminated fungal infections were
able to suppress autologous cells from responding to
mitogens but not synthesis of Ig, strongly supports the
concept of heterogeneity of suppressor cell systems
(26). Additional evidence supporting this concept in
vivo comes from the observations in mice (27, 28). Ram-
shaw et al. (27) demonstrated that the T lymphocytes
that suppress humoral and cell-mediated immunity in
CBA/H mice differ in the cell surface structure they
express. The suppressor T cells of delayed-type hyper-
sensitivity are Ly-1+, Ly-2—, and Ia—, whereas the
suppressor T cells of antibody formation are Ly-1—,
Ly-2+, and Ia+. Whisler and Stobo (28) similarly dem-
onstrated that the suppressor cells that inhibited the
humoral response to sheep erythrocytes were quite dis-
tinct with regard to their density from those suppressors
that inhibited delayed-type hypersensitivity to sheep
erythrocytes.

The present studies demonstrate the need to use dif-
ferent in vitro assay systems when characterizing sup-
pressor cell activity in disease states. Furthermore,
knowledge of the steroid sensitivities (and perhaps of
other immuno-suppressive agents) with regard to the
various T-cell suppressive systems will help in the ther-
apy of immunologically mediated disease states.
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