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A B S T RA C T The mixed lymphocyte reaction (MLR)
is the proliferative response of one individual's lym-
phocytes cultured in the presence of another individu-
al's lymphocytes. In man, the MLR is elicited by cell
surface antigenis coded for by the HLA-D gene locus.
This locus is amiiong a cluster of genes which are located
on the sixth chromosome and which include genes
coding for the major histocompatibility antigens
HLA-A, B, and C as well as HLA-D. If the stimulator cell
possesses D locus antigenis not present in the re-
sponder, the lymphocytes of the latter will undergo
blast transformation resulting in DNAsynthesis which
can be measured. A vigorous response in the MLRto
allogeneic cells is the rule among healthy individuals.

We describe studies of' a 23-yr-old man whose
lymphocytes respond normally to mitogens and soluble
antigens but fail to respond to allogeneic cells in the
MLR. His medical history is unlremarkable except that
he received thymic irradiationi as an infant. HLA typing
revealed that he is homozygous for HLA-A2, B12, and
Cw5 as well as for the D locus antigen Dw4. When his
lymphocytes were added to the responder lymphocytes
of other persons homozygous for the same HLA
antigens, their responses to allogeneic cells but not
mitogens were suppressed by 50-95%. Their responses
to a soluble aintigen, tetanus toxoid, were suppressed to
a lesser degree. These inhibitory effects were mediated
by a relatively radioresistanit thymus-derived (T) lym-
phocyte.

Further studies of the re(quiremnents for MLR sup-
pression revealed that only persons heterozygous or
homozygous for the Dw4antigen were inhibited by the
suppressor T cell. This effect was not altered by
differences in the HLA-A, B, or C antigens between the
suppressor and responder. It is concluded that genes in
or near the HLA-D locus code not only for antigens
(primarily on bone marrow-derived (B) cells), that elicit
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the MLR, but also for structures on T cells, or possibly
macrophages, which are recognized by MLRsuppres-
sor T cells.

INTRODUCTION

In all species studied, stimulation in the mixed
lymphocyte reactioin (MLR)' is controlled primarily by
genes in the major histocompatibility coimiplex, a cluster
of genes which has been demonstrated to influence
several functions of'the immune system (1-3). In main,
this gene complex termed human leukocyte antigen
(HLA) is located on the sixth chromosome and includes
genes determining the structure of the serologically
defined transplantation antigens, HLA-A, B, and C, as
well as the HLA-D anitigens which elicit the MLR(4).

Unlike the serologically defined antigens, D locus
antigens can, at present, be recognized only by the
"One-WaY" MLR. In this test, lymphocytes from one
individual (the responder) are cultured with x-irra-
diated or mitomycin C-treated lymphocytes of the
second individual (the stimulator). If the stimulator
possesses D locus antigens not present in the re-
sponder, the lymphocytes of the latter will undergo
l)last transformationi, resulting in DNAsynthesis which
can be measured by incorporation of [3H-]thymidine.
X-irradiation or miitomycin C treatment prevents
stimulator cells from undergoing transformation. Cells
from one individual will not respond in the MLR to
cells from an individtual sharing his MLR(D locus) type,
either as an identical heterozygote, or if homozygouis for
one of the responder's two D locus types. With this test,
it is possible to type for D locus specificities.

In our studies of HLA-D, two persons repeatedly
failed to respond in the MLRto one or more x-irradiated
allogeneic cells. One of these individuals, a multipar-
ous woman, responded to most allogeneic cells but not
to her husband's, and when her thymus-derived (T)

1 Abbreviations used in this paper: Con A, Conconavalin A;
FCS, fetal calf serum; M199, medium 199; PHA, phyto-
hemagglutinin.
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cells were added to the responder lymphocytes of HLA
identical persons, their responses to her husband's cells
were suppressed (5). The responses of HLAnonidenti-
cal persons were not suppressed. Because identity at
the D locus was required between suppressor and re-
sponder to avoid allogeneic interaction, persons
heterozygous for the suppressor's haplotype could not
be evaluated reliably for suppressibility. Also, it was
not possible to map the genes controlling suppression
because in our panel of HLA-B, D homozygous donors
identity at the D locus was always accompanied by
identity at the serologically defined B locus between
suppressor and suppressed cells.

Wenow report studies of a second individual whose
lymphocytes failed to respond in the one-way MLR,
and whose T cells suppressed the responses of certain
co-cultured lymphocytes to allogeneic cells. The event
which may have triggered the MLRsuppressor cell in
this individual, a healthy 23-yr-old man, was thymic
irradiation received at the age of 5 wk. Unlike the
previously reported subject with suppressor cells, the
present individual's lymphocytes are only weakly
responsive to the majority of allogeneic-stimulating
cells, enabling studies of interaction between the
suppressor cell and responder cells heterozygous for
the suppressible haplotype. Furthermore, because the
suppressor cell is homozygous for HLA-Dw4, an
antigen lacking strong linkage disequilibrium with
particular serologically defined A or B antigens, it was
possible to test several different combinations of A, B,
and D determinants and thereby to map the gene or
genes coding for suppressibility to the HLA-D locus, or
to a locus closely linked to HLA-D.

METHODS
Blood samples were obtained from a panel of healthy persons
known to be homozygous or heterozygous for specific HLA
antigens. All experiments were performed with lymphocytes
from fresh venous blood.

Mixed lymphocyte cultures. As described (5), mononu-
clear leukocytes from defibrinated blood were collected by
Ficoll-Hypaque (Ficoll, Pharmacia Fine Chemicals, Div.
Pharmacia Inc., Piscataway, N. J.-Hypaque, Winthrop
Laboratories, Evanston, Ill.) gradient centrifugation, washed
and then resuspended at 1 x 106 cells/ml in RPMI 1640
medium (Grand Island Biological Co., Grand Island, N. Y.)
containing 100 U/ml penicillin, 100 ,ug/ml streptomycin, 2mM
glutamine, and 10%pooled human type A serum. Stimulating
cells were irradiated in a 137Cs irradiator (Mark I model 24
irradiator, J. L. Shepherd, Glendale, Calif.) with a dose of 6,000
rads to abolish their capacity to proliferate and to make the
reaction unidirectional. Mixed lymphocyte cultures were
carried out in round-bottomed microtiter trays (Linbro
Chemical Co., Hamden, Conn.) with 50,000 responder cells
and 50,000 irradiated stimulators in a volume of 0.15 ml. In
three-way cultures, 50,000 suppressor cells were co-cultured
with 50,000 responder cells and 50,000 irradiated stimulator
cells in 0.15 ml. Cultures, prepared in triplicate or sextuplicate,
were incubated in air/5% CO2for 6 days at 37°C. [3H]thymidine
(New England Nuclear, Boston, Mass.) was then added, 1

,uCi/well, and the plates harvested in a *multiple sample
harvester (MIASH II Microbiological Associates, Walkersville,
Md.) 18 h later.

Quantitation of T cells, bone marrow-derived (B) cells, anid
monocytes. Mononuclear cells from Ficoll-Hypa(qtue gradients
were washed once at room temperature in phosphate-buffered
saline before resuspension in culture medium 199 with 5%
fetal calf serum (M 199-FCS) at 2 x 106 cells/ml. The monocyte
fraction was determined by staining with a-naphthyl acetate
according to the method of Yam et al. (6) The Ig-bearing
lymphocyte fraction was determined by labeling with a
fluorescein-conjugated goat anti-human Ig antiserum (Mic-
robiological Research, Bountiful, Utah) as described (6). The
percentage of fluorescent small lymphocytes was determined
using a Zeiss microscope equipped with a tuingsten light source
and a fluorescein isothiocynate excitation filter. This method of
staining Ig-bearing lymphocytes might stain, in addition to B
lymphocytes, cells with either Fc receptors or cytophilic Ig.
Monocytes were excluded by histologic criteria.

A specific anti-T cell serum was used in an in vitro
cytotoxicity assay for measuring peripheral blood T cells. This
serum was prepared in the laboratory of Dr. Samuel Strober at
Stanford University by extensively absorbing a goat anti-human
thymocyte antiserum with human erythrocytes and buffv-coat
cells from a patient with chronic lymphocytic leukemia (7).
10 ,ul of a suspension of target cells (2 x 106 cells/ml) were
added to 10 Al of anti-T cell antiserum or normal goat sertum
diluted 1:4 in M199-FCS. Cells were allowed to incubate for
15 min at room temperature after which 5 ,l of guinea
pig complement diluted 1:4 were added. The mixture was
incubated at room temperature for an additional 45 min before
centrifugation at 250 g for 5 min. The pellet was resus-
pended in 10 ,l of M199, and 5 ,ul of a 0.4% trypan blue
solution in M199 added before counting in a standard
hemocytometer.

Separation of T cells and B cells. Peripheral blood T and B
cells were separated by two methods. The first method is
dependent on B lymphocytes binding to a plastic flask coated
with anti-immunoglobulin (5) and the second uses rosetting of
T cells which have bound sheep erythrocvtes (8). In the first
method, 2 ml of Cohn fraction II immunoglobulin (2 mg/ml;
Mann Research Laboratories, Inc., New York) and water-
soluble dicarbodiimide (1 mg/ml) in phosphate-buffered saline
were incubated in a plastic tissue flask (Falcon Plastics,
Div. of BioQuest, Oxnard, Caif.) for 1 h at room temper-
ature. After the flask was washed with PBS-5% FCS,
2 ml of a 1:20 dilution of rabbit anti-human immuno-
globulin was added and incubated for 30 min at room
temperature. 1.5 x 10' Ficoll-Hypaque enriched mononuclear
cells in RPMI 1640-10% FCSwere then added and allowed to
stand for 30 min at room temperature. Under these conditions
monocytes as well as B cells adhere to the flask. The
nonadherent T cells were decanted and the B cells removed
after 2 h incubation at 37°C with RPMI-50% HumanA serum
containing 1.25 mMEDTA. T cells were measured in the tvo
fractions by rosetting. Cell recovery was normally 75-90%.

In the second method, fractions enriched for T or B cells
were obtained by a sheep cell rosetting technique. 5 x 1(6
Ficoll enriched cells/ml in RPMI-10% FCSwere pelleted with
0.7% papain-treated sheep erythrocytes. After 1 h at 4°C, the
T cell rosettes vere separated from the B cells and monocvtes
by centrifugation over 10%Ficoll-Hypaque. The rosettes were
dissociated by incubation at 37°C for 10-20 min with frequent
vortex mixing and T cells separated from the sheep erythro-
cytes on another Ficoll-Hypaque gradient.

Cell mediated antibody-dependent lIympholysis. The
method described by Kovithavongs et al. (9) was used. 5 x 106
target lymphocytes in 0.1 ml RPMNI 1640-10% FCS were
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labeled by incubating with lOO ,uCi 51Cr (New England
Nuclear) for 1 h at 37°C with shaking. 2 x 106 effector cells in 1
ml RPMI 1640-10% FCS were added to 0.01 ml (100,000)
labeled target cells in triplicate. 0. 1 ml of normiial human serum
"antibody" was then added and the mixture incubated for 4 h
at 37°C. The cells were centrifugedl to a pellet, and the 51Cr
released into the supernate counted in a gamma cotunter.
Variability between triplicate samples never exceede(d 10%
and averaged 5%. The percentage of 51Cr released for each
combination was derived by dividing the observed release
minus background release (target cell incubated alone) by the
maximum available for release (by hypotonic rupture) minus
background. Maximal 51Cr release by hypotonic lysis of target
cells varied from 75 to 85%.

Stimulatiotn with mitogetns. Stimulation with Conean-
avalin A (Coni A, Pharmacia Fine Chemnicals), or phyto-
hemagglutinin (PHA, The Wellcome Foundation, Ltd., The
Wellcome Research Laboratories, Beckenham, Kent, England)
was carried out in air/5% CO2 for 4 days at 37°C. 100,000
peripheral blood mononuclear leukocytes were incul)ated in
round-bottomed microtiter wells (Grand Island Biological) in 0.2
ml of RPM1 1640-10% pooled human A serum and either 1 ,g
Con A or 1 ,ug PHA. Assays were performed in triplicate.
[3H]thymidine 1 ,uCi/well, was added 18 h before harvesting.

Stimulation with soluble anitigens. Stimulation with
tetanus toxoid (alum adsorbed, Wyeth, final dilution 1:20,000)
and diphtheria toxoid (aluml adsorbed, Sclavo, final dilution
1:2,000) was carried ouit in air/5% CO2 for 7 days at 37°C.
100,000 or 200,000 Ficoll-Hypa(que enriched peripheral blood
nollonwticlear cells were incubated with these anitigensi in flat-

bottomed microtiter wells (Cooke Laboratory Products Div.
Dynatech Laboratories, Inc., Alexandria, Va.). Assays were
performed in sextuplicate. [3H]thymidine (1 ,uCi/well) was
added 18 h before harvesting. In two-cell cultures, 100,000
cells fromii each of two donors were co-cultured in the pres-
ence of the same concentrationis of the above antigenis.

RESULTS

Shortly after birth the propositus, M. M., was treated
with thymic irradiation for "failure to thrive". At 5 wk
and again at 6-wk old, he received 128 rads in 1.5 min to
a 10 x 10-cm field in the anterior mediastinum (target-
skin distance of 50 cm). M. M.'s childhood development
was entirely normal, and at the time of this report, he is a
healthy 23-yr-old caucasian male. None of M. M.'s eight
siblings or his parents received thymic irradiation, and
their medical histories are unremarkable.

MLR in the facmily M. The HLA types of the
members of family M are shown in Table I. M. M., his
HLA identical sibling, B. M., and their mother, L. M.,
are homozygous for HLA-B12. In the MLR, responises
of <10,000 epi or relative responses of <30% are
considered to be nonstimulatory in this laboratory. By
these criteria, the latter three cells stimutlate none of the
other fuamil members in the MLR, a(nd have been

TABLE I
HLA atnd MLRData otn Fanmily M

Inidividtial HLA A-B-(C-D- TN pe Designiation

Father, W. M. 2,12,5,Dw4/32,14,-,- A/B
Mother, L. MN. 2,12,5,Dw4/11,12-,Dw4 A/C
Child, M. M. 2,12,5,Dw4/2,12,5,Dw4 A/A
Child, B. M. 2,12,5,Dw4/2,12,5,Dw4 A/A
Child, P. M. 2,12,5,Dw4/32,14,-,- A/B
Child, J. NJ. 2,12,5,Dw4/32,14,-,- A/B
Child, T. NI. 2,12,5,Dw4/32,14,-,- A/B

Irradiated (stimlltiator) cells

Responder cells W. M.5 L. M. M. NI. * B. \1.* P. M. J. NI. T. NI.'

A/B W. M. 1.2(0) 4.8(5%) 1.6(1%) 2.2(1%) 1.2(0) 1.1(0) 0.7(0)
A/C L. M. 46.3(70%) 0.5(0) 1.1(1%) 1.3(1%) 32.6(49%) 29.8(45%) 35.2(53%)
A/A NL. NM. 8.9(44%) 2.8(0) 7.2(0) 4.0(0) 9.2(53%) 6.8(0) 6.5(0)
A/A B. M. 39.9(61%) 5.0(6%) 1.1(0() (.9(() 46.1(71%) 50.7(78%) 42.0(64%)
A/B P. M. 0.4(0) 4.5(1%) 0.3(0) 0.8(0) 0.7(0) 0.4(0) 1.6(0)
A/B J. NI. 1.6(0) 0.5(0) 0.2(0) 1.2(0) 0.5(0) ).6(0) 0.4(0)
A/B T. M. 1.8(0) 3.6(1%) 2.2(0) 1.9(() 1.6(0) 1.6(0) 1.4(0)

The upper part of the table shows the HLA type of seven members of the family M. The lower part shows the MLR
betweeni familv members as cptll x 10-3 anid as relative responises (in adjacent parentheses). The relative responise was

caleculated according to the tormuila: Relative responise = (test epm - lowv control cpm)/(high control cpm - low control cpm)
x 100. The low control was an autologous cell mixture and the high control was the median value of the five highest responses
achieved against a random panel of 10 unrelated stimulators.
* Designates stimulator cells.
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shown by cross-testing with reference homozygous
typing cells (10) to be homozygous for the specificity
HLA-Dw4. M. M.'s father, W. M., and three siblings are
HLA identical and heterozygous for the HLA-A and B
loci. They are also heterozygous for the Dw4specificity
as demonstrated by their failure to respond to Dw4
homozygous family members and their stimulation of
these same members in the reverse reaction. The
surprise finding is that M. M. responds only weakly to
his heterozygous relatives and in data to be shown later,
M. M. fails repeatedly to respond, or responds only
weakly, to the majority of a random panel of allogeneic
cells. Interestingly, M. M.'s response to autologous
cells tends to be higher than his responses to some
allogeneic cells and higher than the autologous re-
sponses of others.

Quantitation of T cells, B cells, and monocytes in
M. M. initial studies to determine the distribution of
peripheral blood T cells, B cells, and monocytes in
M. M. indicate that although the absolute numbers of
T cells and B cells are slightly below normal, their
relative proportions are within normal limits (Table
II). In addition, the levels of IgG, IgM, and IgA are
within normal limits. Such data do not, of course, rule
out the possibility that a funetional subset of either T
cells or B cells is reduced or increased.

Evidence that M. M.'s low responses to allogeneic
cells are due to a suppressor cell. Possible explana-
tions for M. M.'s weak responses in the MLRincluded
a defective responder cell population, serum blocking
factor such as an antibody which interfered with the
MLR, or cellular suppression by T cells, B cells, or
macrophages. Experiments similar to those used to test

TABLE II
Distributiont of Monontuclear Leukocytes in M. M.

.N1. I. Normal ranige

Total leukocytes 5,600 5,000-1(0,000/mm3
Absoluite T lymphocyte

coUnlt 994,* 1,156+ 1,200-2,500/mm3
Absolute B (Ig+) lvmpho-

cyte coUnlt 195 200-650/mm3

Distribution of Ficoll-
pturified cells

Monocytes (by specific
strain) 14% 8-32%

Lymphocytes 86% 68-92%
Distribution of Ficoll-

pturified lymphocytes
Ig(+) lymphocytes 11% 10-30%
Rosetting lymphocytes 74% 65-90%
T cells by cytotoxicity 86% 65-90%

* By the sheep erythrocyte rosetting technii(lue.
By cytotoxicity with anl anti-T cell antiserum.
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FIGURE 1 The effect of M. M. cells on the MLRbetween
L. M. and S. P.' L. M. is HLA-B,D identical to M. M. (see
Table I). S. P., the irradiated stimulator cell, is an HLA-A2,29/
B12,21.1/C-/D107,-individual selected at random from a
panel of unrelated donor cells. Each column height represents
the MLLRresponse in counts per minute, with bars showing the
standard error of the mean of six experiments. The first column
depicts L. M.'s response to S.P.' The second column shows the
same MLRin the presence of 50,000 M. M. cells. In the third
column 50,000 cells from M. M.'s HLA identical sibling B. M.
have been added to the MLR. In the fourth column 50,000
additional L. M. responder cells have been added for a total of
100,000 L. M. responders.

these possibilities in another individual (5) were
carried out on M. M. A cellular explanation for his
weak responses was supported by the observation that
addition of NI. M. lymphocytes markedly suppressed
the MLRbetween cells from his HLA-B,D identical
relatives (B. M. or L. NI.) and irradiated allogeneic
stimulator cells (Fig. 1). That is, when 50,000 M. M.
cells were mixed with 50,000 B. M. or L. M. cells and
challeniged with 50,000 irradiated cells from an unre-
lated donor, S. P., the response was at least 50% below
that obtained by culturing B. M. or L. M. alone with S.
P. cells. Suppression was observed despite repeated
washing of NI. NM. cells and was unchanged if M. M.
cells cultured alone for 24 h (and washed again) were
uised (data not showin). Ordinarily, under the condi-
tions of the MLR performed in this laboratory, an
increase in the number of responder cells above 50,000
results in an increased response. Thus, a control MLR
between B. MI. and S. P. is augmented, not suppressed,
by the addition of 50,000 B. M. cells or 50,000 L. M.
cells.

Tinme-couirse of the suppressive effects of M. M.
cells. The previously described experiments were all
harvested after 7 days culture, the normal peak in the
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humainI MLR performed in microtiter wells in this
lal)oratory. If the three-cell mixtures had accelerated
kinetics, it is possible that the apparent suppression at
day 7 might in fact be the descending curve of an
earlier peak. A time-course experiment was, therefore,
carried out to exclude this possibility. Replicate
ctultures were set up on day 0 and harvested on days
3-9. The results (Fig. 2) show that in the three-cell
mixtujres suppression was maximal at day 7. The
patterni of suppression is similar to that observed in
another human MLR suppressor system (5) in that
proliferation occurs unaffected until days 4-5 at which
time the level of [3H]thymidine incorporation begins to
decline.

Evidetnce that the suppressor is a T cell. T and B
cells from M. M. were separated as described in
Methods, either on the basis of their differential
affinitv for anti-immunoglobulin antibody (method 1)
or by the sheep cell rosetting technique (method 2).
Preparations of T cells were 85-95% pure as judged by
rerosetting, and preparations of B cells consisted of
80-90% nonrosetting cells. 50,000 T enriched cells or
B enriched cells were tested for their ability to
suppress the response of B. M. to an irradiated
allogeneic lymphocyte, S. P. The results are shown in
Fig. 3. As the results indicate, suppressor activity
resides primarily in the T cell fractions. The mild
suppression seen with one B cell preparation was
probably due to contamination by T cells. Similarly
prepared T cells from B. M. or L. M. were not
suppressive of the MLR.

Fig. 4 depicts the effects on the MLRof different
numbers of M. M.'s T cells prepared by method 1.

100_
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--- LM/SP +MM

80 M-- MM/SP,
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FIGURE2 Time-course of suppression by M. M. of the MLR
between L. M. and S. P.' MLR's between L. M. and S. P.',
M. M. and S. P.', and L. M. and S. P.' with M. M. added were
begun on day 0 and the reactions stopped on days 3-9. Each
point represents the mean response of triplicate cultures.
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FIGURE 3 The effect of M. M.'s T cells compared to .NI. .'s B
cells on the NILR between L. M. and S. P.' M. Ni.'s T cells were
separated from his B cells either by a technique in which B
cells remained bound to immunoglobulin coated on a plastic
surface (B1g+) and T cells eluted (T1g4) or by a technique in
which rosette forming cells (TRFC+) were separated from B cells
(BRFC-)on a Ficoll-Hypaque gradient. 50,000 T cells prepared
by each technique, and 50,000 B cells prepared by each
technique were co-cultured in the MLRL. M./S. P.' Each bar
represents the mean of sextuplicate cultuires.

Although the numbers of L. M. responder cells and
S. P. stimulator cells were held constant at 50,000 each,
as few as 5,000 M. M. T cells had a detectable
inhibitory effect on L. M.'s response. The potency of
suppression increased as a function of the number of
M. M. T cells in the reaction. Maximal suppression was
achieved with 50,000 M. M. T cells.

Failure of M. M. to inhibit PHA or Coni A
stimulation. 100,000 cells from M. M. or controls
(B. M., L. M., or an unrelated donor, S. P.) were
incubated for 4 days with PHAor Con A as described
in Methods. The range of response by controls to PHA
was 82,704+6,425-116,091+9,441 and to Con A
34,918-+1,984-48,122±3,712. M. M.'s responses to
PHA (104,961±10,209) and Con A (46,403±2,342)
were well within the range of control responses.
Furthermore, the addition of 100,000 M. M. cells to
B. M. or L. M. enhanced the responses of these cells to
both mitogens by at least 50%. Increases of similar
magnitude were obtained when 100,000 B. M. cells
were added to L. M. or M. M. Thus, M. M. responds
normally to PHA and Con A and does not inhibit the
responses of other cells to these mitogens.

Effect of M. M. on the proliferative response to
soluble antigens. 100,000 or 200,000 cells from five
subjects including M. M. and L. M., and unrelated
controls were incubated with tetanus toxoid and
diphtheria toxoid as described in the Methods, using
doses of antigen found previously to elicit maximum in
vitro stimulation in normal controls. All five subjects
had been immunized with these antigens in 1975, as
part of prior studies. At that time a wide range of
responses was found among these five individuals, but
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FIGURE4 The effect of inereasing the concentration of NI. NI.
T cells on the NILR between L. NI. and S. P.' NI. NI's T cells
were separated from his B cells on the basis of their lack of
affinity for anti-Ig coated on a plastic surface. Different
numbers of T cells ranging from 5,000 to 100,000 were
co-cuiltured in the NILR L. I./S. P.' Each bar represents the
mlean of sextuplicate cultures.

all five were considered to respond positively to both
anitigens (11). They have not been reimmunized.

The current responses of NI. Xi. and L. M. to tetanus
and diphtheria toxoids are shown in Table III. The
responses of 100,000 NI. NI. cells to tetanus toxoid
(30,786±+1,980 cpm) and diphtheria toxoid (14,614
+994) were within the range of responses to these
antigenis by normal controls. The responses of 100,000
L. NI. cells were 48,873-+2,712 and 8,352±519 to
tetanus and diphtheria toxoids, respectively, and these
responses increased when 200,000 L. NI. cells were
tested. The addition of 100,000 M. M. cells to 100,000
L. NI. cells resulted in responses of 32,802+3,977 to
tetanus toxoid, anid 15,098+1,112 to diphtheria toxoid.

Thus, althouigh NI. M. responds normally to tetanus
toxoid, he inhibits L. M.'s response to this antigen by
33%. He fails to inhibit L. M.'s relatively weak
response to diphtheria toxoid.

Evidenlce that Al. M. cells are tnot killer cells. It is
theoretically possible that M. M. T lymphocytes kill
either allogeineic stimulator cells or syngeneic re-
sponder cells, with resultant reduction of the MLR.
NI. NI. cells were, therefore, mixed with 51Cr labeled
S. P. or L. MI. lymphocytes under conditionis of the
lymphocyte-mediated antibody-dependent cytotoxic-
ity assay. The experimental conditions of this assay are
very close to those of the MLRculture, the antibody
being 10% pooled, heat-inactivated human serum. The
background controls of target cells incubated for 4 h
with effector lymphocytes in the absence of human
serum or with serum in the absence of effector cells
never exceeded 5%for either S. P. or L. NI. At a killer
(NI. NI.) to target (S. P. or L. M.) ratio of 20:1 and after
4 h incubationi, the percent 5 Cr release from target
cells was 4.9% for S. P. target cells and 2.4% for the
L. NI. target cells (background release subtracted).
Neither of these values differed significantly from
results obtainied when cells other than M. M. were
tested as effectors. A positive control serum with
knowni anti-HLA-B12 cytotoxic antibody resulted in
39% 51Cr release when S. P. was the target and 34%
5'Cr release when L. NI. was the target.

Specificity of the suppressor T cellfor the responder
cell in the MLR. The ability of M. M. to suppress the
responses of his first degree relatives to the stimulator
cells from a single unrelated donor (S. P.) are
summarized in Table IV. NI. M.'s suppression of a panel
of 18 unrelated responders challenged by the same
allogeneic stimulator are shown in Table V. It is
apparent from both tables that only those responders
homozygous or heterozygous for HLA-Dw4 were
suppressed regardless of the associated HLA-A, B, or C

TABLE III
Effect of M. M. on the Responses to Tetanius and Diphtheria Toxoids

Response-SE
Responider cell (1(5 cells) Second

party cell Tetanus Diphtlvria
A B Cw Dw (105'cells) toxoid toxoid

M. MI. 2,2 12,12 5,5 4,4 30,786+1,980 14,614+994
NI.M. 37,915+2,360 19,205+1,940

L. M. 2,2 12,12 5,- 5,5 48,873+2,712 8,352+519
L. M. 58,427±+3,054 11,966-+-880
MM.NI. 32,802+3,977 15,098+1,112

Controls (105) rainge (20,420-56,019) range (6,054-44,212)

Each row describes a 7-day culture between 100,000 or 200,000 responder cells and either tetanus or diphtheria toxoid
(see 'Methods for antigen doses). The response in counts per minute+SE represents the mean of six experiments.

HLA-D Specific Suppressor T Cell 833



TABLE IV
Effect of M. M. on the Responses of MFamily Members to an Allogeneic Cell

Responder cell
Third

A B Cw Dw party cell Response±SE Change P value

M. M. 2,2 12,12 5,5 4,4 11,122+1,652

L. M. 2,11 12,12 5,- 4,4 95,460+5,824
M. M. 29,202 +2,190 -69.4 <0.001
B. M. 144,798+7,153 +51.8

W. M. 2,14 12,32 5,- 4,- 76,356+5,219
M. M. 64,250+3,868 -15.8 <0.05
B. M. 129,058+9,615 +69.0

B. M. 2,2 12,12 5,- 4,4 61,130+6,530
M. M. 26,384+3,955 -56.8 <0.001

P. M. 2,14 12,32 5,- 4,- 51,540+4,310
M. M. 42,417+2,756 -17.6 <0.05
B. M. 97,633+6,820 +89.6

J. M. 2,14 12,32 5,- 4,- 55,427+3,425
M. M. 50,824+567 -8.3 >0.05

Each row describes a 7-day MLRbetween 50,000 irradiated stimulator cells and 50,000 unirradiated responder cells with
or without 50,000 unirradiated cells from a third party, either M. M. or his HLA identical sibling B. M. The same stinulator
cell from an unrelated donor, SP (A3,29/B12,21,1/C-/D107-), was used in each reaction. The response in counts per minute
±standard error represents the mean of six experiments. The P value was determined by the two-tailed t test.

antigens. All of the Dw4 homozygous cells and all but
one Dw4 heterozygous cell were significantly sup-
pressed by M. M. In general, the degree of suppression
was greater on Dw4 homozygous cells than heterozy-

gous cells. The responses of non-Dw4 cells were
uniformly enhanced by the addition of M. M.

Radiosensitivity of the M. M. suppressor cell. As
shown in Fig. 5, the M. M. suppressor T cell resists a

TABLE V
The M. M. Suppressor Cell: Specificity for HLA-Dw4 in Unrelated Responders *

Responder HLA type Response to SP

A B C D Without M. M. With M. M. Chanige

M. C. 2,2 12,12 4,4 63,612+3,153 26,260+ 1,588 -58.6**
I. N. 3,- 15,- 4,- 48,428+2,100 29,646+ 1,650 -38.8**
E. G. 3,30 7,15 2,4 89,254-+4,675 34,905 +2,984 -60.5**
D. B. 9,14 12,32 4,- 94,110+6,571 67,426+7,212 -28.3**
S. F. 2,24 13,27 2,- 4,- 105,669+5,247 62,433+8,520 -40.9**
W. H. 11,28 35,35 T7,- 1,1 45,509+3,218 72,430+-1,061 +74.4
L. H. 3,3 7,7 1, 2,2 44,622+5,814 67,911+7,012 +52.2
J. B. 1,1 8,8 3,3 91,388+8,270 111,749±7,461 +22.3
M. H. 2,29 12,27 1, 1,107 29,639+3,120 53,150+6,336 +79.6
W. B. 3,29 7,12 2,- 69,543+7,684 100,228+8,019 +44.1
D. S. 2,3 14,40 T7 5,- 86,492+3,840 104,346-+6,592 +20.6
B. C. 1,29 17,35 4,T7 6,- 56,411+4,703 82,970+9,645 +47.1
M. I. 2,32 12,35 4,5 107,- 75,773+6,883 103,854+8,590 +37.1

* Each row describes a 7-day MLRbetween 50,000 irradiated stimulator cells and 50,000 responder cells with or withoit
50,000 M. M. cells. The same stimulator cell from an unrelated donor, S. P. (A3,29/B12,21,1/C-/D107-) was used in each reaction.
The response in counts per minute-±standard error represents the mean of six experiments.
t Suppression by M. M. significant at P < 0.001 by the two-tailed t test.
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FIGURES The senisitiv it\ ofI\1. \I. responi(der cells and NI. NI.
suppressor cells to y-irradiationi. (A), Demonistrates the
sensitivity of NI. NI. responder cells to inereasing of
y-irradiationi as measuiredl in one-wax NILR's betveen 50,000
NI. M. cells and 50,000 irradiatecl (6,000 rads) cells from an
allogeneic donor S. P. The responises represent the mean of six
experiments at each radiationi level. (B), Shovs the sensitivity
of N. NI. suppressor cells to increasinig (loses of y-irradiation, as
measured by the ability of 50,000 NI. NI. cells to inhibit the
MLRbetween L. NI. and S. P.'

dose of y-irradiation which functionally eliminates
M. M. responder cells. Thus, NI. NI's weak responses
to allogeneic cells were eliminated with 1,000 rads. In
contrast, the NM. NI. suppressor cell functioin remained
intact after 1,000 rads, was partially eliminated by 2,000
rads, and completely eliminated by 6,000 rads.

When NI. NI. lymphocytes were irradiatedl with 1,00(
rads (NI. NI.M,0ooo) and tested on a panel of responder
cells of varied haplotype, the patterni of stuppressioni
remained the same as with unirradiated NI. NI. (Table
VI). That is, only cells possessinig the Dw4 specificity
were significantlx inhibited in the NILR. The imlag-
nitude of suppressionl by NI. NI.,1 ...... of cells heterozv-
gous for Dw4has increased, however, presumably duie
to eliminiation of NI. NI.'s respoinse to the non-Dw4
haplotype. Furthermore, additioni of NI. NI.,oo000 (but not
NI. NI.) inhibited NI. N.'s autologouis response by 57%
from 7,240+610 to 3,1104360, (signiificaint at P < (.1
by the two-tailed t test.)

When NI. M. lymphocytes were irradiated with 6,000
rads (NI. NM.X1 000) anid testedl on the saime panel of
responder cells, there was n1o suippressioni (Table VI).
Of added significance is the fact that the NILR respoinses
of non-Dw4 cells were in general, no greater in the

presence of M. . X6,000 thain M. M.x, o, confirming that
non-Dw4 cells are not suppressed by XI. N.,1,000.

Lack of specificity of the AM. M. suppressor cellfor the
stimlulatinig cell ini the MLR. The responses of M. M.
to cells homozyous for different HLA-D antigens as
well as to a random panel of allogeneic stimulator cells
are shown in Table VII. M. M. responded only weakly
to the great majority of these cells. When L. M. was
tested as a responder to these same cells (Table VII),
her responses were much greater and are typical of
allogeneic responses in the MLR. Addition of 50,000
M1. M. cells to these latter reactions between L. M. and a
panel of allogeneic stimulator cells resulted in at least
50% inhibition of 14 of 17 reactions. The reactions not
suppressed were those in which an irradiated al-
logeneic cell stimulated a response il NM. M. When
these allogeneic reactions on the part of M. M. were
eliminated with 1,000 rads, NI. NI,11000 inhibited the
responses of L. Ml. to all 17 stimulator cells. Thus,
although the NIl. NI. suppressor cell is specific for
HLA-D in the responder, it is non-specific with respect
to the haplotype of the stimulator cell.

TABLE VI
Setnsitivity of the Al. Al. Suippressor Cell to X-Irradiation

Change of response to an allogeneic cell S. P.
Responider after addition

Familv HLA-D NM. M. NI. I. . Nl.x;o

L. MI. 4/4 -69.4% -89.2% + 16.2%
WNI. MI. 4/- -15.8 -54.3 +9.4
B. MI. 4/4 -56.8 -78.9 +22.5
P. NI. 4/- -17.6 -60.1 +2.2
J. MI. 4/- -8.3 -58.3 +7.8

Unrelated donors Dw4+
MI. C. 4/4 -58.6 -80.3 +5.9
I. N. 4/- -38.8 -68.5 +12.6
E. G. 4/2 -60.5 -62.5 -4.7
D. B. 4/- -28.3 -44.0 +15.2
S. F. 4/6 -40.9 -51.4 +12.4

Unrelatedl donors Dwr4-
WV. H. 1/1 +74.4 +30.8 +36.7
L. H. 2/2 +18.9 +32.6 +9.6
J. B. 3/3 +22.3 +24.4 +9.9
NI. H. 1/10(7 +79.6 +46.2 +49.4
WV. B. 2/- +44.1 +30.7 +24.1
D. S. 5/- +20.6 +10.4 +22.2
B. C. 6/- +47.1 +33.6 +25.8
NI. I. 107/- +37.1 +26.5 +20.9

Each row represenits the effect of MI. NI. either uinirradiated or
exposed to 1,000 or 6,000 rads, on the NILR's between a panel
of responders and the irradiated stimiiulator, S. P. The complete
HLAphenotypes of responders and their responses to S. P. in
the absence of NI. NI. are showni in Table VI.
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TABLE VII
Effect of M. M. on L. M.'s Response to a Variety of Stimulator Haplotypes

MLRresponse (CPM±SE)
Stimulating cell

Change Change
HLA A B C D L. M. M. M. L. M. + M. M. of cpm L. M. + M. M..,ooo of cpm

W. H. 11,28 35,35 T7 1,1 88,582+7,577 8,217+ 1,070 38,822+4,589 -56.2 16,612+1,056 -81.2
C. L. 2,3 7,7 2,2 53,000+5,393 8,448+730 25,140+3,441 -52.6 12,172+1,017 -77.0
J. B. 1,1 8,8 3,3 59,717+5,177 10,777+1,469 15,248+1,031 -74.5 12,965+2,703 -78.3
J. B. 32,32 16,16 5,5 55,666+7,372 23,259+837 40,127+4,556 -17.9 9,052+1,818 -83.7
M. A. 1,2 17,17 17,17 46,412+7,628 4,469+1,015 16,856+1,074 -63.7 12,886+1,954 -72.2
M. H. 2,29 12,27 1 1,107 68,822+6,947 6,588+614 24,058+2,992 -65.0 17,802+2,520 -74.1
W. B. 3,29 7,12 2,- 114,309+7,839 12,776+1,869 42,263+6,879 -63.0 24,128+3,218 -98.9
W. M. 2,14 12,32 5 4,- 49,031+3,349 16,450+1,775 45,677+6,649 -6.8 16,044+1,104 -67.3
E. G. 3,30 7,15 2,4 88,925+10,746 12,992+472 29,783+1,393 -76.5 15,922+1,641 -82.1
D. B. 9,14 12,32 4,- 59,479+8,633 6,374+1,096 20,534+6,619 -65.5 9,642+1,704 -83.8
S. F. 2,24 13,27 2 4,- 22,252±1,624 1,841+370 12,018+2,144 -46.0 2,069+1,751 -90.7
D. S. 2,3 14,40 T7 5,- 103,061+9,248 6,634+ 1,614 30.503+3,748 -70.4 12,407+1,538 -88.0
B. C. 1,29 17,35 T7 6,- 78,296+6,706 11,603+2,627 19,550+2,411 -75.0 7,186+1,564 -90.8
M. I. 2,32 12,35 4 107,- 61,681+5,535 40,515+5,682 61,769+4,278 +0.1 23,713+2,540 -61.6
C. O. 1,2 13,40 2 -,- 10,993+8,584 15,238+2,988 23,925+2,252 -76.3 15,528+1,909 -84.6
L. S. 2,30 15,39 -,- 93,276+9,800 8,631+1,961 35,754+3,025 -61.7 21,117+981 -77.4
E. E. 2,24 38,38 -,- 70,968+5,059 7,076±665 28,061 +4,467 -60.0 17,021 +2,859 -76.0

DISCUSSION

These studies have demonstrated the presence of a
suppressor T cell of the mixed lymphocyte reaction in a
23-yr-old man, M. M. The possibility that this cell is
actually a killer cell cannot be completely excluded, but
no evidence of killing by M. IN. could be detected in a
cell-mediated, antibody-dependent cytotoxicity assay.
Another possibility, that suppression is mediated
simply by an increase in cell density caused by adding
M. M. cells to the culture, is argued against by several
lines of evidence. First, the conditions of the MLRare
such that any increase in syngeneic responder cells
results in an increased proliferative response. Such
increases were seen, for example, when the number of
L. M. or B. M. responder cells were doubled to 100,000
or when 50,000 B. M. cells were added to 50,000 L. M.
cells in an MLR. In contrast, as few as 5,000- 10,000 M.
M. T cells cauised measurable suppression of the MLR.
Secondly, suppression of the MLR by M. M. was
retained when his cells were exposed to 1,000 rads but
lost after exposure to 6,000 rads of y-irradiation. This
would suggest that although proliferation of the
suppressor cell may not be necessary for its inhibitory
effects, active metabolism on the part of the suppressor
cell is necessary.

Finally, M. M. only suppressed the MLRs of
individuals who, like M. M., were HLA-Dw4 positive.
The responses of Dw4 negative responder cells were
uniformly enhanced by the additioni of M. M. We

considered the possibility that M. M. inhibits the
responses of non-Dw4 cells in the MLR but that
suppression is masked by the response of these cells to
M. M., also present in the cultures. If this were true, the
responses by non-Dw4 cells to allogeneic cells would
have been greater in the presence of M. M.X6,000 than M.
M,1,000. However, the reverse was found; the MLR
responses of seven of eight non-Dw4 responders were
greater in the presence of M. M.x1,ooo than M. M.x6,000.
Thus, the M. M. suppressor T cell appears to be specific
for Dw4 positive responder cells.

The demonstration of an HLA-D restriction between
M. M. and responders was made possible by a series of
unusual circumstances. First, M. M. comes from a large
family, two of whomshare identity with him at HLA-B
and D, and respond normally in the MLR. These two
individuals, B. M. and L. M., were ideal controls for
these experiments. Second, M. M. is homozygous for a
commonHLA-D specificity, Dw4, which is not in strong
linkage disequilibrium with HLA-A, and B, or C
antigens. Therefore, unrelated persons who had only
one antigen in common with M. M. (for example,
HLA-B12, or Dw4) were not difficult to find. Third, M.
M. responded weakly to such a variety of allogeneic
cells that addition of his cells to an MLRbetween two
other individuals did not add significantly to the
response.

The M. M. suppressor T cell is similar to an MLR
suppressor T cell described by Rich and Rich (12, 13) in
the mouse, in that it lacks specificity for the stimulating
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haplotvpe but is highly specific for the responder cell.
In the murine system, a factor released by MILR
suippressor cells only inhibits the response of' cells
slharinig the same I-C subregion within the immune
response region of the mouse major histocompatibility
comiiplex (H-2). In the case of M. MI., the restriction
appears to be localized to or near the HLA-D locus. In
the absence of an available family with a crossover
between HLA-B and HLA-Dw4, localization to the
HLA-D end of HLA must remaini tentative. Nonethe-
less, onl the basis of currenit data it is inferred that genes
in the HLA-D region code for structures, presumably on
T cells, which are recognized by MILR suppressor T
cells as well as for determinants primarily on B cells (the
so-called la antigens) which are recognized by NILR
responder cells (14, 4). In the mouse, genes responsible
for similar functions have been mapped to the immune
responise region in the major histocompatibility com-
plex (12, 15, 16), a region which influences a remarkable
array of immunologic functions (17). An immune
response region is widely presumed to exist in man
(18-20) and although proof of such a region's existence
is lacking, the current data are consistent with the
hypothesis that HLA-D may be the immune response
region in man.

The fact that M. M. is the only member of his family
to have received thymic irradiation may suggest that
this treatment and M. M.'s MLR suppressor T cell
phenomenon are causally related. In this regard,
aI)imal studies have demonstrated that the thymus is
extremely radiosensitive (21). Furthermore, recovery
from thymic irradiation has been associated with a
diminished capacity to reject skin grafts or produce
antibody against T cell-dependent antigens, despite
normal numbers of peripheral lymphocytes (22). In
man, irradiation of the thymus was once used to treat
coniditions such as neonatal respiratory distress that
were inappropriately attributed to alleged thymic
enlargement. This form of treatment was abandoned in
the 1950's after an increased incidence of thyroid
caincer was first noted to follow x-irradiation to the neck
and mediastinum (23). Adverse effects of such
treatment on the immune system have been reported to
include chromosomal aberrations in peripheral blood
lymphocytes (24), a reduction of B and T lymphocytes,
and a decreased mitogenic response of lymphocytes to
mitogens in such patients as compared with controls
(25). However, such changes were not found in another
reported series (26). Clearly, N. M. retained consider-
able thymic function after his radiation treatment
becauise his lymphocytes proliferate vigorously to the
mitogens PHAand Con A as well as to tetanus toxoid,
and he has only slightly depressed levels of T cells and
B cells in his peripheral blood. Therefore, a definitive
conclusioni regarding the role of thymic irradiation in

the case of MI. NI. must await a searchl for suppressor
cells in other patients who received suclh treatmiienit.

Although only HLA-Dw4 responider- cells were
inhibited by the NI. NI. suppressor T cell, Dwv4 cells
were inhibited in their responises to all stimuitilator cells
tested, regardless of the stimuitilator's HLA type. This
result is conisistenit with the possibility that NI. NI. has
been sensitized to an anitigeni whiclh either cross-reacts
with or is common to a great many cells. Alternatively,
NI. NI. may have been senisitized to his owni cells,
resulting in suppressor cells directed againist lhis owin
HLA-Dw4 products. This hypothesis is supported by
the observation that NI. I.'s relatively high autologous
response is inhibited by the addition of NI. NI.Xl,0)0
suppressor cells. Furthermore, NI. NI. has no history of
exposure to allogeneic cells, to which a specific
immune response might be expected. In contrast, a
recently reported stimulator-specific NILR suippressor
cell arose in a mother of 10 who specifically stuppresse(d
responses of HLA identical persons to her husband's
cells, presumably as a restult of repeated immuinizationl
with cells bearing his HLA antigens during preg-
nancy (5).

Nonspecific low responsiveness in the NILR, thouigh
hardly frequent enough to render the NILR a useless
test, is nonetheless not a rare event. Both persons so far
studied in this laboratory who are unresponisive to
allogeneic cells, possess a T suppressor cell of the NILB.
It is possible therefore, that suppressor T cells are
responsible for most unexpected nonresponsiveness in
the mixed lymphocyte reaction. In addition, the
possibility exists that self-tolerance with respect to the
MILR (that is, true typing responses) might be due to
suppressor T cells.

Both individuals in whomgenetically restricted MLR
suppressor T cells have been reported are healthv,
which may suggest that such cells are a normal
immunoregulatory component. However, suppressor T
cells other than MLR suppressor cells have been
demonstrated in vitro in patients with such disorders as
common variable hypogammaglobulinemia (27) and
chronic fungal infections (28). Moreover, if the recogni-
tion of transformed cells is a function of alloreactive T
cells, susceptibility to malignancy might be inicreased
in persons with MLRsuppressor cells. In this regard,
cellular suppression of the NILR has been reported in
patients with Hodgkin's disease (29) and preliminary
results suggest the presence of genetically restricted
MLRsuppressor cells in this disorder.2 Conversely, it is
possible that possession of such cells might, under
certain circumstances, be a desirable state. For exam-
ple, they might protect against transplant rejection or

2 Engleman, E. G., R. Hoppe, H. Kaplan, and H. 0.
McDevitt. Unpublished data.

HLA-D Specific Suppressor T Cell 837



autoimniune reactions. These possibilities are cur-
rently being studied.
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