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Tolerance, the thymus, and suppressor T cells*
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It is a privilege to be the first speaker at this year's European Immunology meeting. I shall speak prin-
cipally of work done in my own laboratory by a group as cosmopolitan as those present at this meeting,
among them Gery, Folch, Ha, Bash, Durkin, Namba, Jegasothy, Jayawardena and Wagshal. I wish to
introduce the three subjects of my title with a few general remarks, without attempting to cite all the
authors who have worked in the designated areas.

TOLERANCE

Tolerance may be broadly defined as 'specific inability to respond to an antigen, induced by prior
exposure to the same or a related antigen.' The first well-studied example of which I am aware was
described by the immunochemist, H. G. Wells (1911). Guinea-pigs fed crystalline plant proteins or
ovalbumin lost the ability to develop anaphylactic sensitization to the same protein upon appropriate
challenge. Other early examples involved contact sensitization (Sulzberger, 1929; Chase, 1946), pneumo-
coccal polysaccharides (Felton, 1949), lymphocytic choriomeningitis virus (Traub, 1936), tissue allo-
grafts (Owen, 1945; Billingham, Brent & Medawar, 1953; Hasek, Lengerova' & Hraba, 1961), and
finally tumours (Habel, 1962; Allison, 1964). It should be noted that Wells's example has been restudied
with modern techniques (Thomas & Parrott, 1974), but its mechanism remains obscure.

TABLE 1. Techniques for inducing tolerance

Perinatal exposure to antigen
(Lymphocytes not peripheralized)
(Immature 'processing apparatus')
(Low blood-thymus barrier)
(High level of nonspecific suppression in thymus and spleen)
(High sensitivity of B cells to tolerization)

Two zones of antigen dosage
Below immunizing threshhold (T cells)
Massive (B cells)

Use of 'deaggregated' antigen or antigen fragments
(Failure to interact with macrophages)

Use of oral route
(Low dose zone, biofiltration)

Immunosuppression, X-ray
(Mimics perinatal situation, in part)

Blockade
(Prevents interaction of antigen with macrophages)

We now recognize multiple mechanisms of tolerance (Howard & Mitchison, 1975; Dresser, Ed.,
1976), but retain the original term for convenience. Table 1 shows techniques which are commonly
used for inducing tolerance, with suggestions as to the reason for their effectiveness. Table 2 lists names
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used to describe related phenomena in which the immune response is suppressed by administration of
specific antigen, of other antigens, or indeed of antibody. Table 3 analyses these phenomena in terms
of what we know about their mechanism.

Rapidly-reversible receptor-blockade in B cells has been well recognized since the studies of Howard
and his colleagues on pneumococcal polysaccharide (reviewed in Howard & Mitchison, 1975) and
Borel's work on hapten conjugates with isologous y-globulin (Aldo-Benson & Borel, 1974). A more
recent example is Schrader's 'effector cell blockade' with DNP-gelatin (1975). Irreversible clonal
deletion, again of B cells is observed with such antigens as DGL (Katz et al., 1971), dextran, and levan
(see Feldman, Howard & Desaymard, 1975; Howard & Mitchison, 1975). Nossal's recent work has
established that a similar clonal deletion is much more readily induced in B cells present in the perinatal
period than in adult cells (clonal abortion) (Nossal & Pike, 1975; Metcalf & Klinman, 1976).

In vitro models of clonal deletion have made use of such antigens as POL and LPS and of antigen-
antibody complexes (Diener & Armstrong, 1967; Britton, 1969; Feldmann & Diener, 1970; see Diener &
Feldmann, 1972). The significance of the dose and molecular size of the antigen employed and the density
of surface determinants has been well brought out in Feldmann, Howard & Desaymard's recent review
(1975). (See also Desaymard, Pearce & Feldmann, 1976). Another class of in vitro models involves the
use of antibody against B-cell receptors, e.g. anti-p, to clear the cell surface (Pierce, Solliday & Asofsky,
1972). Again reversible clearing and adult and perinatal forms of irreversible 'deletion' are observed
(Raff et al., 1975). These mechanisms have all been studied in relation to B cells. Their significance for

TABLE 2. Types of immune modulation

Tolerance and partial tolerance in unprimed individuals
Split tolerance (different antigenic determinants)
Immune deviation (different types of immune response)

Densensitization of primed cells
Competition of antigens
Feedback suppression by antibody
Class, allotype, and idiotype suppression

TABLE 3. Mechanisms of tolerance

I. Direct: Removal of B-cell clone from reactivity
Receptor blockade, reversible
Clonal deletion, adult, irreversible
Clonal abortion, perinatal, irreversible
Reversible and irreversible clearing of B-cell surface with anti-1i, etc.
(Significance of antigen dose, molecular size, density of determinants)

II. Indirect: Action of specific suppressor T cells on T or B cells
Induction by antigen: classical tolerance
Induction by antibody: acting as antigen-antibody complex
Induction by antibody against immunoglobulin receptor

(class, allotype, idiotype): acting as antigen-antibody complex
(Significance of dose and molecular class of antibody)

tolerance at the T-cell level remains conjectural, although specific T-cell deletion has been observed in
experiments with highly radioactive antigens such as POL (Cooper & Ada, 1972) or with nonradioactive
affinity labels for the T-cell combining site (Godfrey, 1976).
The role in tolerance of suppressor cells, usually suppressor T cells (STC), was established first with

heterologous red cells as antigens (McCullagh, 1970; Gershon & Kondo, 1970; 1971), and has since been
demonstrated in tolerance to pneumococcal polysaccharide (Baker et al., 1971), in contact allergy
(Asherson & Zembala, 1974), tolerance to proteins and conjugates (Basten et al., 1974), and a wide
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variety of other systems (Gershon, 1973; M6ller, ed., 1975a; Pierce & Kapp, 1976). In general, antigen-
induced, STC-mediated tolerance is specific and long lasting, and appears to affect both T and B cells as
targets.

Antibody against exogenous antigen produces so-called enhancement (or 'facilitation'), and it has
long been recognized that such antibody may act as an afferent block to immunization (Mbller & Mdller,
1962) or an efferent blocking factor in, e.g., tumour destruction by specific cytotoxic T lymphocytes
(Moller, 1965; Hellstrom & Hellstr6m, 1974). What is important for the purpose of this discussion is
that antibody of the correct molecular class, on forming a complex with antigen, can induce a long-
lasting central type of tolerance, apparently mediated by STC specific for the antigen (Voisin & Kinsky,
1962; Voisin, 1971). The effective antibody is described as IgG1 (mouse antibody acting in the mouse).

It has also recently been recognized that class-specific immunoglobulin suppression (see Lawton &
Cooper, 1974), chronic allotype suppression (Jacobson et al., 1972; Herzenberg & Herzenberg, 1974;
Moller, Ed., 1975b) and long-term idiotype suppression (Eichmann, 1975; Fitch, 1975; Moller, Ed.,
1975; Binz & Wigzell, 1976), all produced by injection of a suitable dose of antibody of the correct
molecular class, may also be mediated by STC activation. Here the STC are specific for the immuno-
globulin receptor on the B-cell surface or the corresponding T-cell receptor and a long-lasting, specific
tolerance-like state is induced, affecting either T or B cells. Since anti-idiotype antibody shows steric
complementarity to the idiotype, which forms part ofthe combining site for antigen, its action is formally
comparable to that of antigen acting to induce classical tolerance. The effective antibody in idiotype
suppression in mice is described as IgG2 (guinea-pig) (Eichmann, 1975). In vitro models for the induction
of an STC response which will mediate tolerance are still lacking; in consequence we cannot yet explain
the molecular requirements for effective antigens or for the immunoglobulin components of effective
antigen-antibody complexes. Scott, in our laboratory, showed some time ago that antigen (bovine
y-globulin) injected into the intact spleen in vitro induces tolerance whereas incubation of the same cells
in suspension with antigen fails to do so (Scott & Waksman, 1968; 1969). This might well serve as an
in vitro STC model.

THYMUS AND TOLERANCE

The view which prevailed until recently was that stem cells from the bone marrow, after entering the
thymus, matured in the thymus cortex and passed through the medulla to enter the peripheral T-
lymphocyte pool. Recent emigrants (T1) differed in a number of properties from older cells (T2)
(Raff& Cantor, 1971). The difference between T, and T2 cells in the periphery has been well documented
in individual studies e.g. (Kappler et al., 1974; Stutman, 1975), T1 being large, adherent, dividing cells
of low density, largely sessile in the spleen, and T2 recirculating, small, non-adherent, nondividing cells.
With the recognition that there are multiple functional subsets of both T1 and T2 cells, and that many
if not all these functions can be identified both within the thymus and in the periphery, the original
simple scheme has been questioned (Shortman et al., 1975). It has been suggested that there may be a
direct outflow of T1 cells from the thymus cortex to the spleen and of T2 cells from the medulla to the
recirculating T-cell pool, in addition to T1-+T2 maturation, which can apparently take place within
both the thymus and the spleen under the influence of thymus hormone (Bach et al., 1974; Stutman,
1975). This suggestion is supported by a variety of evidence from direct studies of cell migration (Iorio
et al., 1970; Weissman, 1976; Durkin & Waksman, 1977), and cell-marker studies (Shortman & Jackson,
1974; Ruuskanen, 1975; Barton, Goldschneider & Bollum, 1976; Goldschneider, 1976) to studies of
regeneration in the irradiated or cortisol-treated thymus (Jacobsson & Blomgrcn, 1972; Schlesinger &
Israel, 1975).
The use of antigenic markers such as Thy-i and the Ly system in the mouse (Cantor & Boyse, 1975;

Huber et al., 1976; Feldmann et al., 1976) and of RMTA and RBMLA, the homologue of Thy-i
in the rat (Goldschneider, 1976) has permitted us to differentiate a wide variety of T-cell subsets which
differ in their recognition function, target cells, and immunological role (Table 4). Those subsets
designated T, are found in thymus cortex and/or spleen and appear to migrate between them. Those
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TABLE 4. Heterogeneity of T cells

Markers
Suggested Cell Antigen

T cell symbol T1/T2 Ly 1 Ly 23 Ia recognized recognized Target

Amplifier TA T1 + + - TH, TS TH, TS
Nonspecific TNS T1 + + ? Various Various

suppressor

Helper TH T2 + - - MO5 Ia* B
MLR TMLR T2 - - - MO Ta TK
CMI TCMA T2 + - - MOS Ia* MO
Killer TK T2 - + - Target K/D* Various
Specific TS T2 - + + MO ? K/D* T(Ly 1), B

suppressor

* Modified Ia or H-2KID.

designated T2 are present in thymus medulla and the recirculating T cell pool and migration in this
system is generally accepted.

It is quite clear by now that at least two types ofT cells are involved in tolerance and related phenomena:
nonspecific suppressor cells, which appear to be T1, and specific suppressors, which are clearly T2
and related in their observable characteristics to killer T cells (Cantor, Shen & Boyse, 1976; Herzenberg
et al., 1976; Feldmann et al., 1976). I shall say more about each in a moment. In addition to these,
however, we must also take account of more recently described types of cells (not listed in the table)
which might, under appropriate circumstances, be involved in suppressor functions: the so-called
prothymocyte, a low Thy-1 cell in the bone marrow and spleen (Roelants et al., 1976; Loor et al., 1976;
Smith & Eaton, 1976), which appears to be the same as the NK ('natural' killer) cell (Lamon et al.,
1972; Herberman et al., 1973; Greenberg & Playfair, 1974; Kiessling et al., 1975); the M cell (Bennett
et al., 1976), the cell responsible for hybrid resistance and the cell which rejects bone marrow grafts
(Shearer, Garbarino & Cudkowicz, 1976; Lotzova', Gallagher & Trentin, 1976); another Thy-I+,
Lyl+23+ cell, which kills syngeneic tumors (Shiku et al., 1976); and the K cell, which kills certain
targets in the presence of antibody and may be a 'pre-B cell' or an immature monocyte (Greenberg
et al., 1975; Penfold, Greenberg & Roitt, 1976; Chess et al., 1976).
We must further be prepared for the possibility that suppression will prove in many cases to involve

two cell systems (Gershon, 1975). Such a relationship has been recognized, for example, between non-
specific amplifier T cells and specific suppressor T cells (Feldmann et al., 1976); between SIRS (soluble
immune response suppressor), a T lymphocyte product (see Pierce & Kapp, 1976), and macrophages;
and between the nonspecific suppressor T cell we have studied (details below) and macrophages (Bash,
Singer & Waksman, 1976).
The relationship of tolerance to the lymphocyte pool was first demonstrated in cell transfer experi-

ments by Gowans & McGregor (1963) and by Dietrich & Weigle (1964). The thymus was directly
implicated in the generation and maintenance of tolerance about a year later by experiments with
transplantation antigens (Vojtiskova & Lengerova', 1965) and soluble protein antigens (Isakovic, Smith
& Waksman, 1965) and the use of thymus grafting. (That tolerance for some antigens can be induced
in the absence of a thymus was shown at almost the same time (Follett, Battisto & Bloom, 1966)). Our
laboratory carried out a series of further experiments relating tolerance to the thymus (Table 5). Toler-
ance lasted, in all experiments in which antigen made its way into the intact thymus, approximately 10
weeks. This period was presumed to be related to persistence of antigen and the mechanism was con-
sidered to be clonal deletion, since at that time the suppressor T-cell concept still lay in the future.
However, Horiuchi & Waksman's finding (1968b) that injection ofaggregated or 'soluble' protein antigen
into the thymus ofnormal rats produced specific tolerance lasting several weeks at a much lower dose than
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TABLE 5. Induction of tolerance in the thymus

Effective Duration of
antigen unresponsiveness

Experiment dose (mg) (weeks) Reference

BGG iv: normal rats 20 10 (Gery & Waksman, 1967)
BGG in the thymus: normal rats 0-02 5-10 (Horiuchi & Waksman, 1968b)
BGG in the thymus: irradiated, 0-02 10 (Staples, Gery & Waksman 1966; Horiuchi

thymus-shielded rats & Waksman, 1968a)
BGG i.p. at 0 and 4 weeks: thymus 70 9-12 (Isakovid, Smith & Waksman, 1965)

graft at 10 weeks to Tx X BM rats
BSA i.p. three daily doses: thymus graft 150 3-6 (Smith, Isakovic & Waksman, 1966)

next day to Tx X BM rats
BGG i.p. thymocyte transfer to normal 100 0-1 (Ha & Waksman, 1973; Ha, Waksman &

rats Treffers, 1974a, b)
Allogeneic spleen cells at birth: - > 10 (Toullet & Waksman, 1966)
Thymocyte transfer at 3 weeks to
syngeneic NTx recipients

* All experiments in Lewis rats except last, which was done in A/J mice tolerant of CBA donor grafts.

antigen given by any other route implied a suppressor cell-mediated mechanism, and this implication
was confirmed in subsequent experiments (Ha & Waksman, 1973).

It should be noted here that macromolecular antigen present in the systemic circulation enters the
thymus quite readily. An early study which emphasized the presence of a blood-thymus barrier (Marshall
& White, 1961) unfortunately persuaded many investigators of the contrary. In the perinatal period, even
cellular and particulate materials get into the thymus, and in the adult soluble antigens enter only
slightly slower than into other organs (reviewed in Horiuchi, Gery & Waksman (1968)). Two days after
injection of 100 mg ofOA i.p., a two- or three-fold increase is observed in large- and medium-sized blasts
within the thymus (Durkin & Waksman, 1977).

SUPPRESSOR T CELLS

The work in our laboratory on specific suppressor T cells in the thymus (Ha & Waksman, 1973; Ha,
Waksman & Treffers, 1974a, b) was parallelled and greatly extended by the elegant studies of Tada and
his collaborators, beginning with feedback suppression ofthe specific IgE response in rats and proceeding
to a specific suppression of IgM and IgG responses in rats or mice given large doses of protein antigen
(reviewed in Tada, 1975; Tada, Taniguchi & Takemori, 1975; Tada, Taniguchi & David, 1976).
More recent studies of specific suppressor cells in the thymus have also been reported by Kapp and
her collaborators, using polymers in low-responder strains of mice (Kapp et al., 1974, 1976), and by
Fujimoto, Greene & Sehon with tumour antigens (1976a, b). The suppressor cells are present in both
the thymus medulla and spleen, are T2 in character, and bear the Thy-1, Ly 23 (but not Ly 1) and Ia
markers. They act by way of a mediator, which can be isolated from the cell membrane and has been
shown to consist of an I-region gene product (specific membrane recognition unit?) complexed with a
fragment of antigen. The biochemical target of this mediator is unknown.
Our own further studies have concentrated on nonspecific T1 suppressor cells in thymus and spleen.

Table 6 suggests a logical sequence of investigations, applicable not only to the system which we have
studied but also to other systems, and our data are summarized here in a corresponding sequence.
Folch was able to demonstrate that the spleen contains an unusual cell population adherent to glass wool
and capable of suppressing proliferative responses to mitogen or mixed lymphocyte reactions (Folch,
Yoshinaga & Waksman, 1973; Folch & Waksman, 1973a; Folch & Waksman, 1974a, b). Suppression
was elicited by mitogen stimulation (PHA, concanavalin A) or by allogeneic stimuli, and was greatly
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TABLE 6. Levels of investigation of suppressor phenomena

Suppressor phenomena: specific, nonspecific, feedback
Suppressor cells: T, B, MO; subsets, effectors
Contact mechanisms of suppression vs mediatorrelease
Mediators: specific and nonspecific lymphokines and monokines
Mediator release: shedding, early protein, late protein synthesis
Target cells: T, B, MO, other (tumour, parasite)
Target function: membrane function, DNA synthesis and mitosis, differentiation
Second messengers:prostaglandins, cyclic nucleotides
Biologic significance of the system

intensified in animals given a large dose of antigen (Gershon, Gery & Waksman, 1974; Bash & Waksman,
1975) or antigen in complete adjuvant (Bash & Waksman, 1975; Durkin, Bash & Waksman, 1975).
In antigen-stimulated rats, suppressor activity was also demonstrated in the otherwise unstimulated
thymus and in lymph-node cells. The system is thymus-dependent, and the active cell is presumably a
T cell. It was clearly shown not be a macrophage although present evidence suggests that the sup-
pressor cell may interact with a macrophage in producing suppression (Bash, Singer & Waksman, 1976).
The responsible cell is adherent to glass wool and nylon wool and sensitive to cyclophosphamide, and its
action is inhibited by cycloheximide. To our surprise, we found that nonspecific adherent-cell suppressor
activity in the spleen is substantially increased shortly after adult thymectomy, returning to normal some
5 weeks later (Folch & Waksman, 1972, 1973b). This increase was tentatively attributed to removal of
the hormonal stimulus to T1-T2 transformation within the spleen and a temporary local piling up ofT1
suppressor cells. Daily treatment of thymectomized rats with thymus hormone was partially effective
in preventing this change (Bash et al., 1976).

It is probable that the use of mitogen or of very large amounts of antigen (or complete adjuvant
mixtures) results in stimulation of a large number of peripheral cells. In the case of antigen, these
must be cel's with a wide range of combining activities for the antigen. At the same time we have been
able to demonstrate, by a number of techniques, that a large dose of systemic antigen in rats is followed
by a wave of emigration of thymocytes from the thymus and, in particular, from the thymus cortex to
the splenic red pulp and mesenteric lymph nodes (Durkin & Waksman, 1977). The peripheral suppressor
population appears to include cells bearing the RBMLA surface marker characteristic of rat thymus
cortical cells (Durkin & Goldschneider, unpublished studies). Thus they appear to be T1, to respond to
antigen in situ, and to migrate to the periphery in increased numbers after antigen administration. The
nonspecific suppressor cells studied by Mosier in neonatal and young mice (Mosier & Johnson, 1975)
are also localized in the thymus cortex and spleen and bear both Lyl and Ly23 (Mosier & Mathison,
1977), and these must be regarded similarly as T1. Other systems of peripheral nonspecific suppressor
cells are under investigation in many laboratories (see review by Pierce & Kapp, 1976).
We have strong evidence that the nonspecific suppressor cell in the thymus cortex and spleen acts by

release of a nonspecific glycoprotein mediator, IDS (inhibitor ofDNA synthesis). IDS is secreted either
after exposure of normal cells to mitogen or of sensitized cells to antigen in vitro (Namba & Waksman,
1975a, b; 1976; 1977; Waksman & Namba, 1976), and its production appears linked to cell division.
The mol. wt of IDS is 75-80,000, its pI is 3 0, and it is resistant to heat up to 800C. It is produced
within a few hours after stimulation by adherent spleen cells and by adherent, cortisol-sensitive (cortical)
thymocytes (Namba, Jegasothy & Waksman, 1977). After a large dose of systemic antigen, IDS produc-
tion is greatly increased in both thymus and spleen populations (Fig. 1). IDS differs from the specific
factors described by Tada (Tada et al., 1975; Tada et al., 1977) and Kapp et al. (1976) in mol. wt, in
being easily released from the cell, in showing no antigen-specificity and having no relationship to the
genes of the major histocompatibility complex, and in acting across strain and even species barrier.
It also appears to differ from SIRS, the 'soluble immune response suppressor' of Pierce and his colleagues
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FIG. 1. Production of IDS by adherent and nonadherent subpopulations of thymus (a), spleen (b), and lymph
node cells (c) collected 24 hr after i.v. injection of 100 mg ovalbumin. Cells were separated on glass wool
columns, cultured 24 hr without stimulant, and IDS-containing supernatant fractions (from Sephadex G-100)
were added to PHA-stimulated LN cell cultures at different final concentrations. (@) Whole cells,(o) non-

adherent cells, (0) adherent cells. Shaded area shows range of values obtained with supernatant fractions from
lymphoid cells of saline-injected animals. X shows control ct/min values in LN cell cultures with and
without PHA, without added fractions. (From Namba, Jegasothy & Waksman, 1977).

(Tadakuma et al., 1976), but may be identical with the factor studied by Thomas et al. (1975a, b).
It acts not only on lymphocytes, but also on fibroblasts and various tumour cells.
IDS shows multihit kinetics and thus can act only at short range (Namba & Waksman, 1975a). It

acts much more strongly on lymphocytes than on fibroblasts. Thus it is almost ideally suited for immune
regulation (Waksman & Namba, 1976). Its target action is limited to G1, both in stimulated lymphocytes
(Namba & Waksman, 1975a) and in synchronized fibroblasts (Wagshal, Jegasothy & Waksman, 1977).
This result implies the presence of a receptor for IDS in or on susceptible target cells only during this
brief period of the cell cycle. It stimulates cell membrane adenylate cyclase and raises target cell cyclic
AMP as much as five-fold, far more than is required to shut off DNA synthesis, within a few seconds
(Jegasothy, Pachner & Waksman, 1976). Again this IDS action is seen only inG1 (Fig. 2). Similar cell
cycle specificity has been demonstrated in other systems which involve soluble mediators acting to raise
cAMP; an example is melanocyte-stimulating hormone which acts on melanocytes in culture only during
G2 (Varga etal., 1974). The relevance of the IDS-stimulated rise in cAMP to suppressor-cell action
has been established by showing that agents which stimulate or inhibit phosphodiesterase (imidazole,
isobutyl methylxanthine) inhibit or potentiate IDS action accordingly (Jegasothy & Waksman, in
preparation). IDS thus resembles many hormones which act by way of adenylate cyclase and cAMP.

I wish to finish my remarks by suggesting that the nonspecific suppressor-cell system outlined here
may play many in vivo roles. The most apparent, but perhaps least important biologically, would be its
role in competition of antigens, depression of immunological responses during graft-vs-host reactions, and
feedback suppression after intense stimulation. A second would be its role in the early phase of tolerance
induction to exogenous antigens, e.g. (Liacopoulos & Neveu, 1964; Liacopoulos, Couderc & Gille,
1971). More important, as suggested by Mosier's studied (Mosier & Johnson, 1975; Mosier & Mathison,
1977, submitted for publication), might be its role holding back responses to autoantigens in young

individuals until the specific tolerance mechanism is fully developed and has acted to remove these from
the danger list. Perhaps equally important in a negative way is the role of this system in chronic intra-
cellular and other infections, in which nonspecific suppression results from continuous exposure to

antigen and paves the way for specific tolerance to the same or other antigens and for failure of the
host's resistance mechanisms. We have demonstrated that such a system is operative in mice infected

369
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FIG. 2. Changes in cyclic AMP in rat LN cell cultures stimulated with PHA with or without addition of IDS
at 0 or 16 hr. Resting levels (cells incubated in medium alone or with added control solution) varied between
24 and 26 pmole/107 cells. (From Jegasothy, Pachner & Waksman, 1976). Copyright 1976 by the American
Association for the Advancement of Science.

with T. brucei, which show a progressive increase in the spleen of weakly adherent, thymus-dependent
suppressor cells acting by way of a soluble mediator (Jayawardena & Waksman, 1977). The system may
play a similar negative role as an 'introducer' of specific tolerance to tumours (Thomas, Talmage &
Roberts, 1975b). Conversely, since both chronic infections and tumors progress from low dose to high
dose situations, it may ultimately prove that specific tolerance precedes the state of nonspecific sup-
pression in some or all cases.

The author's research, described here, is supported by NIH grants AI-06112 and AI-065455 and NCI contract CB-43926.
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