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Impaired Cell-Mediated Immunity in Hodgkin's Disease

Mediated by Suppressor Lymphocytes and Monocytes

STEPHENM. HILLINGER and GEOFFREYP. HERZIG, Division of Hematology-
Oncology, Department of Internal Medicine, Washington University School of
Medicine, St. Louis, Missouri 63110

A B S T R AC T In Hodgkin's disease a possible mech-
anism for impaired cellular immunity is cell-mediated
suppression, defined as the inhibitory interaction be-
tween suppressor cells and effector lymphocytes. To
test for the presence of suppressor cells in peripheral
blood, we have modified the standard, one-way mixed
lymphocyte culture by adding mitomycin C-treated
mononuclear cells from the responder. Suppression,
expressed as a percent of the base-line mixed lympho-
cyte culture in which these extra cells are not present,
results in a reduction of thymidine incorporated in the
modified culture (i.e., 100% suppression = no net thy-
midine incorporation; 0% suppression = identical thy-
midine incorporation in both the modified and base-
line cultuLre).

Suppression was found to be significantly increased
in patients with both active Hodgkin's disease (78
±4.6%) and remission Hodgkin's disease (58±9.3%)
compared to normal individuals (21±6.9%) (mean
±+SE). The degree and frequency of suppression were
not influenced by disease stage or prior therapy. Cell
purification techniques revealed (in 10 patients stud-
ied) the suppressor cell to be a monocyte in 6, and a
thymus-derived lymphocyte in 4. Possible genetic
restriction of the suppressor cell interaction was indi-
cated by a failure of suppressor cells to alter the re-
sponse of lymphocytes from unrelated individuals, but
suppression was obtained with lymphocytes from a
histocompatible sibling. Although mononuclear cells
from normal individuals suppress less frequently than
cells from patients with Hodgkin's disease, normals
may demonstrate suppression comparable to that ob-
served in Hodgkin's patients. This finding suggests
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that suppression is a normal immunioregulatory
mechanism which is altered in Hodgkin's disease.

INTRODUCTION

Patients with Hodgkin's disease, both active and in re-
mission, frequenitly have impaired cell-mediated im-
munitv as demonstrated by anergy to recall skin tests
(1-3), failure of dinitrochlorobenzene senisitization (4),
prolonged skin allograft survival (3, 5), and impaired
immunitv after BCGvaccination (6). Lymphocyte fuinc-
tion in vitro is also impaired as ineastured using mito-
geni (phytohemagglutinin, coincainavalin A, and poke-
weed mitogen), and antigen responsiveness (1, 2, 7, 8),
as well as stinulatioin and proliferatioin in mixed lym-
phocyte ctultures (9, 10). It has been suggested that
the reduced cellular immutnity canl be explained by a
diminished number of thymus-derived lymphocytes (T
lymphocyte), and both lymphopeniia and diminished
percentages of T lyimphocytes have been described
in some Hodgkin's disease patients (11, 12). However,
these findings correlate poorly with other parameters
of immunite function (1). Recently, Fuks et al. have dem-
onstrated a serum f:actor in Hodgkin's disease that inter-
feres with the formationi of' sheep erythrocyte rosettes
(E rosettes)' by T lymphocytes, b)ut its clinical signifi-
cance remains to be established (13).

Another possible mechanisimi for impaired immnunity
in Hodgkin's disease involves cell-mediated suppres-
sioni. Cells that mediate suppressioni exert an inhibitory
effect on the fuinctioni of effector lymplhocytes. Sup-
pressor cells have been characterized in a variety of
animal models and have beeni shown to be responisible
for impaired humoral immunity in somile patients wvith
common variable hypogammaglobulinemiiia (14, 15)
and multiple myeloi-na (16). Both T lymphocytes and(
monocytes have been shown to have suppressor fuince-

Abbreviationis used in thzis paper: E rosette, slheep ervthro-
cyte rosettes; HBSS/alburmin, Hanks' balanced salt solutionl/
salt-poor human sertum albumin; NILC, mixed lymphocyte
ecultture; TC 199, tisstie cuiltture NMedium 199.
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tion. In Hodgkin's disease mononuclear cells from pa-
tients of advanced stage may contain suppressor cells
that are responsible for both poor phytohemagglutinin-
induced proliferation (17) and impaired stimulation in
mixed lymphocyte culture (10).

Wehave examined the possibility that increased sup-
pressor cell activity may be more common than pres-
ently appreciated in Hodgkin's disease patients. With
a modification of the standard one-way mixed lympho-
cyte culture, we have found increased suppression of
lymphocyte proliferation, mediated by either T lym-
phocytes or monocytes, in the majority of patients with
active and remission Hodgkin's disease. This suppres-
sive effect, which can occur to a lesser degree in nor-
mal individuals, appears genetically restricted to auto-
logous, and to histocompatible, cellular interactions.

METHODS
Subjects. The study group consists of 23 unselected, con-

secutively studied patients with Hodgkin's disease (13 male,
10 female), age ranging from 18 to 75 yr, seen at Barnes Hos-
pital, St. Louis, Mo. between 1976 and 1977. 14 patients had
active disease; 9 of these were previously untreated. The re-
maining five patients with active disease all had prior treat-
ment with radiation therapy, and all but one with prior chemo-
therapy. Nine patients with Hodgkin's disease in clinical re-
mission of at least 6 mo also were studied. All patients were
off therapy for a minimum of 6 wk before study.

Histologic classification of Hodgkin's disease was made
according to the Rye Conferences modification (18). Patients
were staged in accord with the recommendations of the Ann
Arbor Conference (19).

The control population consists of 19 normal, healthy volun-
teers (8 male, 11 female) with an age ranging from 16 to 45 yr.

Mononuclear cell preparation. Mononuclear cells were
prepared by density sedimentation of heparinized blood over
Ficoll (Sigma Chemical Co., St. Louis, Mo.) sodium diatrizoate
(Hypaque sodium, 50%, Winthrop Laboratories, New York),
by a minor modification of B6yum's technique (20), and thrice
washed in Hanks' balanced salt solution (HBSS, Grand Island
Biological Co., Grand Island, N. Y.) plus 1% (vol:vol) salt-
poor human serum albumin (HBSS/albumin, Parke, Davis &
Co., Detroit, Mich.).

Mononuclear cells were resuspended in tissue culture me-
dia consisting of 78 ml of Medium 199, 1 ml L-glutamine (200
mM), 1 ml penicillin (1,000 U)/streptomycin (10,000 ,ug) (all
obtained from Grand Island Biological Co.), and 20 ml human
plasma from normal individuals (TC 199/20% plasma). Pro-
liferation of cells designated for subsequent use as either stim-
ulators or suppressors in mixed lymphocyte culture was pre-
vented by treatment with mitomycin C (Sigma Chemical Co.).
The cells were incubated with mitomycin C (50 ,tg/ml) for
30 min at 370C and then washed twice in HBSS/albumin.
Alternatively, when mononuclear cell recovery was small, pro-
liferation was inhibited by irradiation with 2,000 rads from a
131CS source (GammaCell-20 Small Animal Irradiator, Atomic
Energy of Canada, Ltd., Ottawa, Canada), before culturing.

Removal of adherent cells. Nylon wool filters were made
with a modification of the method of Mendelsohn et al. (21).
Mononuclear cells suspended in Medium 199/10% heat-inac-
tivated fetal calf serum (Grand Island Biological Co.), were
incubated on the filters at 370C for 30 min. Nonadherent cells
were eluted from the filters with Medium 199/10% FCS

warmed to 37°C, washed twice in HBSS/albumin, and resus-
pended in TC 199/20% plasma. The nonadherent population
contained fewer than 1%monocytes as judged by microscopic
examination of blood films stained supravitally with Janus
green and neutral red (22).

Removal of phagocytic cells with carbonyl iron. Phago-
cytic cells were removed from whole-blood ali(luots with car-
bonyl iron (GAF Corporation, NewYork) as described by Lohr-
mann et al. (23). 80% of'the monocytes were removed by this
techniqlue as determined microscopically (22).

Separation of E-rosetting cells. The method f'or rosette
separation was a modification of the procedure described by
Lohrmann et al. (23). 2.5 x 106 mononuclear cells (either un-
manipulated, or previously treated with carbonyl iron) were
mixed with 5 x 107 neuraminidase-(Vibrio cholerae neura-
minidase, 50 U/ml, Grand Island Biological Co.) treated sheep
erythrocytes (Flow Laboratories, Rockville, Md.) and 0.25 ml
of fetal calf' serum, centrifuged, and incubated at room tem-
perature for 15 min. The cell pellet was gently resuspended
to avoid disrupting rosettes, and the light, nonrosetting cells
were separated from the heavier, T-lymphocyte rosettes by
centrifugation over Ficoll-Hypaque.

80% of the E-rosetting cells were depleted from the non-
rosetting fraction when retested with fresh neuraminidase-
treated sheep erythrocytes. Both layers were retained,
washed, and contaminating sheep erythrocytes were lysed by
incubation in human plasma (which contains naturally occur-
ring antibodies hemolytic for sheep erythrocytes) at 370C x 30
min. These cells were twice washed in HBSS/albumin, and
resuspended in TC 199/20% plasma. Approximately 50% of
the E-rosetting cells present in the initial mononuclear cell
suspension were recovered.

Cell cultures. Base-line, one-way, mixed lymphocyte cul-
tures were established by adding 2 x 105 responder cells from
Hodgkin's disease patients or normal controls (2A) and 4 x 105
fresh mitomycin C-treated allogeneic stimulator cells from
a single normal donor (4 Bm) in TC 199/20% plasma. For
suppressor cultures, 16 x 105 additional cells autologous to
the responder (16Am), and treated with mitomycin C, were
added. Approximately 80% of the cells initially present were
recovered after treatment with mitomycin C. Each experiment
included unstimulated cultures, in which allogeneic cells
were replaced with the same number of mitomycin C-treated
autologous mononuclear cells (i.e., 2A + 4Am). As an addi-
tional control, allogeneic combinations of mitomycin C-
treated cells were cultured to insure inhibition of prolifera-
tion by the treatment (i.e., 4Am + 4Bm). All cultures were
performed in triplicate in 2 ml in 12 x 77-mm polypropylene
tubes (Falcon Plastics, Div. BioQuest, Oxnard, Calif.) and
were incubated at 37°C in a humid environment in 5% CO2.

At 120 h, 2 ,uCi of [methyl-3H]thymidine (6.7 Ci/mmol, New
England Nuclear, Boston, Mass.) were added and cultures
were terminated 18 h later by addition of cold 5%TCA. The
resulting precipitate was washed, dissolved in NCS tissue
solubilizer (Amersham Searle Corp., Arlington Heights, Ill.),
and the radioactivity determined by liquid scintillation count-
ing. The mean coefficient of variation for the triplicate cul-
tures was 19.8%.

Determination of autologous suppression. Net thymidine
incorporation was determined by subtracting incorporation
of unstimulated from stimulated cultures (thymidine incor-
poration in unstimulated cultures results in less than 1,500
cpm). Suppression was determined by the following formula,
with net thymidine incorporation in all cases:

- 2A + 4Bm+ l6Am% suppression = 1 -x10( 2A + 4Bm )~to
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The thymidine incorporation of base-line mixed lymphocyte
cultures is represented by (2A + 4Bm), and of "suppressor"
cultures by (2A + 4Bm+ 16Am).

Determination of allogeneic suppression. Allogeneic sup-
pression was determined by a modification of the procedure
of Twomeyet al. (10). Mitomycin C-treated mononuclear cells
from Hodgkin's disease patients were added in mixed lympho-
cyte culture at two concentrations, 4 x 105 cells/culture (4Bm),
and 16 x 105 cells/culture (16Bm). Responding mononuclear
cells, from normal individuals, were added at 2 x 105 cells/
culture (2A). Suppression was determined by the following
formula with net thymidine incorporation in all cases:

% suppression = 1 -
/ 2A + l6Bm

x 100.
2A+4Bm/

(2A + 4Bm) represents the base-line mixed lymphocyte cul-
ture, and uses the same cell number as in experiments in-
volving autologous suppression. Suppressor cultures are rep-

resented by (2A + 16Bm), and utilize the same number of
Hodgkin's disease mitomycin C-treated mononuclear cells as
in experiments demonstrating autologous suppression.

Statistical determinations. Statistical significance was de-
termined by the Wilcoxon rank sum test, analysis of variance,
and the paired t test (24).

RESULTS

Suppressor cultures. The clinical characteristics of
the patients with Hodgkin's disease are listed in Table
I. In addition, net thymidine incorporation for the base-
line and suppressor cultures are tabulated for the pa-
tients and for the 19 normal donors.

Fig. 1 illustrates the degree of mixed lymphocyte
culture suppression produced by mononuclear cells

TABLE I
Clinical Characteristics and Mixed Lymphocyte Culture (MLC) Proliferative Response in Hodgkin's Disease Patients

Clinical characteristics
[3HIThymidine incorporation

Prior Last
Case no. Age Sex Stage Histology* therapyt therapy Base-line MLC Suppressor MLC

net cpm+SE
Active disease

Untreated
1 31 M IA NS 34,387 8,595
2 75 F IA NS 6,017 844
3 29 F IA NS 48,069 14,233
4 29 M IIA NS 44,693 23,381
5 32 F IIA NS 47,272 582
6 33 M IIA NS 26,737 9,035
7 18 F IIIA NS - 32,640 17,356
8 31 F IIIA NS - 62,086 10,059
9 24 M IIIB NS 22,680 600
Mean 36,061 +5,533 9,409+2,666

Treated
10 38 M IIAE NS RT 4 yr 41,836 12,006
11 62 M IIIB NS RT + CT 2 mo 7,221 954
12 18 M IVB NS RT + CT 18 mo 7,716 2,197
13 31 M IVB NS RT + CT 2 mo 3,802 51
14 41 M IVB NS RT + CT lY2 mo 5,154 764
Mean 13,126+7,213 3,194+2,230

Remission disease
15 28 F IIA NS RT 3 yr 2,886 3,010
16 44 F IIA NS RT 5 yr 12,181 3,741
17 43 M IIA MC RT 8 yr 53,553 34,066
18 60 M IIA MC RT 6 yr 31,873 14,409
19 23 F IIIA NS RT 6 yr 8,334 1,198
20 31 F IIIA NS RT + CT 1½2 mo 190,696 28,681
21 32 M IIIA NS RT + CT 12 mo 15,827 2,269
22 45 F IIIB NS RT + CT 9 mo 11,222 7,818
23 57 M IVB NS RT + CT 3 mo 3,802 937
Mean 36,708+ 17,869 10,681 +3,735

Normal donors§
Mean 30,380+5,444 24,118+4,851

* NS = nodular sclerosing. MC= mixed cellularity.
t RT = radiation therapy. CT = chemotherapy.
§ 19 normal donors, 10 female, and 9 male.
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FIGURE 1 Mixed lymphocyte culture suppression in nor-
mals and patients with active and remission Hodgkin's dis-
ease. In individuals having multiple cultures, the percent sup-
pression is calculated from the initial culture. The horizontal
line in each column represents the median percent suppres-
sion. The number of subjects is in parentheses.

from patients with active Hodgkin's disease compared
to remission Hodgkin's disease and normal controls.
The mean percent suppression (+SE) for the three
groups are (a) normals, 21%±6.9%; (b) active Hodg-
kin's disease, 78%+4.6%; and (c) remission Hodgkin's
disease, 58%±9.3%. The difference between patients
with active or remission Hodgkin's disease and normal
controls is statistically significant (P < 0.01 and P
< 0.05, respectively). In Hodgkin's disease, although
it appears that greater suppression is achieved with
mononuclear cells from patients having active disease,
the difference is not statistically significant.

Patients previously treated with chemotherapy and
radiotherapy showed reduced reactivity in all cultures
(Table I). However, prior treatment did not alter the
degree of suppression as compared to untreated pa-
tienits.

The degree of suppression in 14 patients with ac-
tive Hodgkin's disease was compared by pathologic
disease stage. Although the numbers in each category
are too small for statistical comparison, increasing dis-
ease stage did not appear to enhance the suppressive
effect of Hodgkin's disease mononuclear cells.

Having demonstrated increased suppressor activity
in Hodgkin's disease patients, we next sought to clarify
the mechanism of suppression. Because the suppressor
cultures were at a higher cell density than the base-
line cultures, it was necessary to determine whether
changes in cell density alone alter the proliferative
response. Dose-response curves in 12 normal donors
were performed comparing the proliferative response
of 2 x 105 mononuclear cells when stimulated with 4,
16, and 20 x 105 mitomycin-treated allogeneic cells
(Fig. 2), corresponding to the cell density of the stand-
ard mixed lymphocyte culture and the suppressor cul-
tures. The mean thymidine incorporation (±+-SE) in
counts per minute is 36,696+ 11,002, 33,027+8,058,
and 58,884-+23,046, respectively. No suppression in
proliferation was noted at the higher cell densities.

Effect of "suppressor" cells on normal allogeneic
responder lymphocytes in mixed lymphocyte culture.
In the foregoing studies, it was demonstrated that mito-
mycin C-treated mononuclear cells from patients with
active Hodgkin's disease inhibit the proliferative ca-
pacity of their own lymphocytes. To determine their
effect on normal, allogeneic lymphocytes, mitomycin
C-treated mononuclear cells from patients with Hodg-
kin's disease were added to normal responding cells
in mixed lymphocyte culture at two concentrations and
percent suppression was calculated (see Methods).

Fig. 3 illustrates the results. In 8 of 10 Hodgkin's
disease patients whose mononuclear cells exhibited
autologous suppression, little or no inhibitory effect
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In the allogeneic culture system, responder cells obtained
from normal donors were cultured with mononuclear cells
from patients with Hodgkin's disease.

was noted on the proliferative response of allogeneic
lymphocytes. The percent suppression (±SE) of allo-
geneic and autologous lymphocytes was - 12.9%
±20.9%, and 71.9%±5.3%, respectively. This differ-
ence is statistically significant (P < 0.01).

Effect of "suppressor" cells on responding cells
genotypically identical at the major histocompatabil-
ity complex. In the earlier study, suppressor cells
demonstrated very limited inhibition of unrelated lym-
phocytes. However, their effect on cells identical at
the major histocompatibility complex was also evalu-
ated. Patient no. 21 had an HLA2 and mixed lympho-
cyte culture-identical sister. Table II shows the effect
of suppression by the patient's and sister's mononu-
clear cells, on their own, each other's, and unrelated
responder cells. The patient's cells demonstrated sim-
ilar inhibition of both his own and his sister's lympho-
cyte response, but had no suppressive effect on the un-
related's cells. The sister's suppressor culture demon-
strated modest autologous suppression, and inhibition
of the patient's response to the same degree.

Effect of altering suppressor cell number. In one
patient, the effect on proliferation of increasing num-
bers of "suppressor" cells was determined, keeping

2 HLA typing of the patient, his parents, and five siblings
was kindly performed by Dr. William Miller at the Missouri-
Illinois Regional Red Cross Blood Center, St. Louis, Mo. The
patient and one sibling were found to be genotypically iden-
tical sharing the (Al, B15) and (A2, B12) haplotypes.

TABLE II
Suppression of Autologous, MLC-Identical, and

Unrelated Responding Lymphocytes

Responder mononuclear cell

Hodgkin's MLC-
disease identical Normal

Suppressor cell donor patient* sibling* individualt

%±SD

Hodgkin's disease
patient 86+3 82±4 -102±62

MLC-identical
sibling 56±18 68±6

* Suppressor cultures between the patient and sibling were
performed with the technique for determining autologous
suppression (see Methods), as their mononuclear cells were
mutually nonstimulatory. Cells from an unrelated individual
provided the culture's stimulus.
t Suppressor cultures where the responding cell was from
the normal individual were performed by the technique for
determining allogeneic suppression (see Methods).

both the responder and stimulator concentrations con-
stant. A nearly linear fall in [3H]thymidine incorpora-
tion occurred as the concentration of "suppressor" cells
was increased from 0 to 16 x 105 cells/culture.

Effect of altering culture incubation time. To ex-
clude the possibility that suppression seen in our 6-day,
mixed lymphocyte culture was simply because of al-
teration in the kinetics of the mixed lymphocyte cul-
ture, without a decline in peak reactivity, cultures were
terminated on days 5, 6, and 7. Suppression was sim-
ilar over the 3-day period even though thymidine in-
corporation increased with increased culture time.

Identification of suppressor cells. Mononuclear cell
suspensions from 10 patients were fractionated to
identify the suppressor cell type. Evidence for lympho-
cyte-mediated suppression was noted in four patients.
In two of these, mononuclear cell suspensions depleted
of >99% monocytes by nylon wool filtration showed
no reduction in suppression, indicating the presence
of suppressor lymphocytes (Table III, pts. 9 and 12).
Additional evidence for lymphocyte-mediated sup-
pression was obtained by E-rosette separation, without
prior monocyte depletion. Removal of E-rosetting T
lymphocytes from the mononuclear cell suspension re-
sulted in a loss of suppressor activity in two patients
(Fig. 4). In one of these, the T-lymphocyte enriched
fraction, after lysis of sheep erythrocytes, demonstrated
enhanced suppressive ability. This fraction was not
tested in the other patient.

In six patients, two studied by rosette separation,
three by carbonyl iron-induced phagocyte depletion,
and one with both techniques, the evidence suggested
monocyte-mediated suppression. In three studies with
rosette separation, the suppressor cell remained in

1624 S. M. Hillinger and G. P. Herzig



TABLE III
Suppression of MLCby Mononuclear Cell Suspensions

Depleted of Various Subpopulations

Source of Depleted of
mononuclear Depleted of Depleted of E rosette-
cells (patient Unfrac- adherent phagocytic forming

number) tionated cells cells cells

9 97 96 -t
12 72 69
2 86 82

13 99 94
20 69 - 18§ 58

3 70 -30
6 66 -44

10 71 -73

* See Methods for calculations of percent suppression.
Not tested.

§ Negative values indicate stimulation rather than sup-
pression.

the non-E-rosette population (Table III, pts. 2, 13, and
20). This fraction contained all the monocytes and the
rosette-depleted lymphocytes. Subsequently, in four
studies, with phagocytic cells depleted by carbonyl
iron, removal of the suppressor population was dem-
onstrated (Table III, pts. 20, 3, 6, and 10). In addition,
mononuclear cells from one of the patients (no. 20),
after monocyte depletion by nylon wool filtration, lost
suppressor activity (data not shown).

To exclude nonspecific toxicity to suppressor cells
by carbonyl iron, a patient with lymphocytic suppressor
cells was studied. Suppression was demonstrated in
the nonadherent fraction after nylon wood filtration.
Suppression was maintained at a comparable level after
removal of phagocytic cells with carbonyl iron.

Lastly, the increased suppression seen in Hodgkin's
disease patients is not explained by an increase in mon-
ocytes. The mean percentage of monocytes (+SD) in
mononuclear cell suspensions determined microscopi-
cally by supravital staining is as follows: normal donors,
17%±o10.8%; active Hodgkin's disease (with monocyte
suppressors), 23%±-+ 11.9%. This is not a statistically sig-
nificant difference.

DISCUSSION

The existence of suppressor cells and their role in
modifying the immune response has been appreciated
only recently. Gershon, who coined the term "suppres-
sor T cell," has reviewed many of their known inter-
actions (25). Murine models have provided the princi-
pal framework for studying these interactions, and both
thymus-derived lymphocytes and monocytes have
shown suppressor functions (26-30).

O Mononuclear Cells

Mononuclear Cells:
la E-rosetting call depleted

Mononuclear Cells:
E-rosetting cell enriched
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FIGURE 4 Mixed lymphocyte culture suppression by E-ro-
setting lymphocytes. Suppressor cultures with E rosette-de-
pleted and E rosette-enriched mononuclear cells are com-
pared with unmanipulated cells.

In the present study we describe a modified mixed
lymphocyte culture technique which can be used to
demonstrate active cell-mediated suppression. With
this technique we have demonstrated the presence of
increased suppressor activity in the majority of patients
with Hodgkin's disease compared to normal controls.
Suppressor activity could not be correlated with either
disease stage or prior treatment of the patients. Evi-
dence has been presented to show that the reduction
in lymphocyte proliferation observed in suppressor
cultures is not due simply to the increased cell density
or depletion of nutritional factors, and is linearly re-
lated to the number of suppressor mononuclear cells
present.

A recent study by Goodwin and his associates (31)
indicates that suppression of the response to phyto-
hemagglutinin may result from increased production
of prostaglandin E2 by mononuclear cells from patients
with Hodgkin's disease, and can be prevented by add-
ing indomethacin to the cultures. The effect of indo-
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methacin on mixed lymphocyte culture suppression
remains to be determined. However, in preliminary
experiments, we have been unable to demonstrate the
presence of a soluble mediator or suppression (such as
prostaglandin E2) in supernates of suppressor cultures.

Several separation techniques were employed to
identify the suppressor cell. Evidence for lymphocyte-
mediated suppression was obtained in 4 of 10 patients
studied: In two instances suppressor activity was not
impaired by removal of nylon wool adherent cells, a
technique that removed >99% of' the monocytes, leav-
ing only lymphocytes. In two additional studies, de-
pletion of T lymphocytes by removal of E-rosette-form-
ing cells abolished suppressor activity, which was
shown to reside in the E-rosetting fraction. A thymus-
dependent suppressor mechanism responsible f'or im-
paired cellular immunity also has been described in
studies of patients with myasthenia gravis (32) and dis-
seminated fungal infections (33).

In six patients suppression appeared not to be me-
diated by T lymphocytes. This coinclusion is based on
the failure of E-rosette depletion to alter suppression
in three instances, whereas depletion of phagocytic
cells by carbonyl iron removed suppressor activity in
four studies. It should be emphasized that only one of'
these patients was studied by both techniqules; in this
case depletion of phagocytic cells removed suppressor
activity and depletion of' E-rosetting cells was without
effect. In the remaining patients the possibility that
both T lymphocytes and monocytes are required for
suppression cannot be excluded. Our findings differ
from those of Twomey et al. who found suppressor
cells in Hodgkin's disease patients to be adherent but
not phagocytic (10). In the two patients we studied
by both techniques, depletion of' phagocytic cells and
depletion of adherent cells produced the same results.
Other investigators also have described a phagocytic
suppressor cell in Hodgkin's disease patients (17).
These differing results may be explained by differ-
ences in the patient populations under study as well as
dif'ferent methods of determining suppression.

An initeresting feature of T-cell-mediated suppres-
sion in murine systems is the apparent restriction of
suppression to cells which share I-region specificities
(27). A similar genetic restriction of' suppression in
Hodgkin's disease patients is suggested by our finding
that mononuclear cells from patients with marked sup-
pression of autologous lymphocyte proliferation were
capable of little or no suppression of allogeneic lym-
phocytes. Although a modest degree of suppression
might be masked by increased stimulation because of
the large number of allogeneic "suppressor" cells, cul-
ture conditions have been chosen to minimize this pos-
sibility by the use of stimulating cell doses in control
cultures that produce a nearly maximal response. In
contrast, suppressor cultures involving a Hodgkin's dis-

ease patient and an HLA genotypically identical sib-
ling showed equivalent suppression. Additional stud-
ies are needed to clarify the required degree of identity
at the major histocompatibility complex.

Lastly, we have f'ound that mononuclear cells f'rom
normal individuals may demonstrate autologous sup-
pression. Similar to the results obtained with Hodg-
kin's disease patients, the removal of either phagocytic
cells or T lymphocytes in several niormal donors dem-
onstrating suppressioin eliminated the inhibitory effect
(results not shown). Shoti et al. (34) have previously
(lemonstrated "latent" inhibitory lymphocytes in hu-
mans, inducible only by preincubation with concana-
valin A, that diminish the proliferative capacity of allo-
geneic and autologouis lymphocytes. Sampson et al.
(35), with a culture system similar to ours, showed sup-
pressioni of'both autologous and allogeneic responders
in mixed lymphocyte cultures by human spleen cells
previously inctubated with coneanavalin A or phyto-
hemaggluitniiin, but nlot by uintreated cells. This evi-
dence suiggests the existence of'stsppressor cells in nor-
mnal individtuals which may be demonstrated uinder cer-
tain ctultuire conditions or indtuced by prior mitogen
stimulationi. It is likely that cell-mediated suppression
represents an important control mechanism of the nor-
mal immune response which is altered in a variety
of' disease states.
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