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Functional T lymphocyte subpopulations can be identified in humans by antibodies which detect stable
glycoprotein antigens on their surface. Thus, inducer T lymphocytes bear an antigen termed T4 while
suppressor T lymphocytes bear an antigen termed T5. Immune homeostasis results from a delicate
balance between inducer and suppressor subsets within the T-cell circuit and perturbation in subset
dynamics may initiate a wide variety of immunopathological disorders. Here Ellis Reinherz and Stuart
Schlossman discuss the present understanding of this circuit, its role in the pathogenesis of a number of
diseases, and how the human immune response can be manipulated in an orderly way through modulation

of selected T-cell subsets.

THE PRECISE dissection of cellular mechanisms and
interactions involved in the generation of human T-cell
responses has been facilitated in recent years by advances
in four areas: 1) the development of in vitro methods for
the characterization and identification of human T-lym-
phocyte subsets by cell-surface markers; 2) the develop-
ment of new techniques for the isolation of highly purified
subclasses of human T lymphocytes dependent on cell
surface markers; 3) the development of in vitro tech-
niques to discriminate functional properties and inter-
actions of the isolated subsets of T lymphocytes and
other cells (that is, B cells, null cells, and macrophages);
and 4) the capacity to correlate normal and abnormal
functional properties of T-lymphocyte subpopulations in
vitro with in vivo disorders of the immune response.
These advances have enabled us to throw light on the
major T-lymphocyte subsets in man and their unique
functional programs.

The genetic program of the human T lymphocyte is
complex, including immunoregulation as well as the ca-
pacity to recognize specific antigens and execute unique
effector functions. Thus, T lymphocytes proliferate in
response to soluble and cell-surface antigens and poly-
clonal activators, including the mitogens phytohemagglu-
tinin (PHA) and concanavalin A (con A) (1, 2). They are
responsible for cytotoxic killer activity in cell-mediated
lympholysis (CML) (3) and produce a host of soluble
factors (4, 5) which effect a variety of cellular functions.
Perhaps more importantly T lymphocytes are involved
in virtually all regulatory interactions including helper
and suppressor-cell functions (6, 7).

In this review, we will focus upon the recent develop-
ments in our understanding of the differentiation of T

* Reprinted from Immunology Today, April, 1981, pp. 69-75, with
the kind permission of the publisher, Elsevier/North-Holland Biomed-
ical Press, Cambridge. The article covers the material presented by Dr.
Schloesman at the Workshop.
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lymphocytes and their functional maturation. We will
also provide evidence that during differentiation, T cells
diverge into functionally distinct subsets, programmed
for their respective inducer (helper) and cytotoxic/sup-
pressor functions, which can be defined by unique cell-
surface glycoprotein antigens.

Differentiation of T Lymphocytes

A thymic micro-environment is necessary for the dif-
ferentiation of T cells in all species. It appears that
precursor bone-marrow cells (prothymocytes) migrate to
the thymus gland, where they are processed, become
functionally competent, and are exported into the pe-
ripheral lymphoid compartment (8-11). Moreover, pro-
found changes in cell-surface antigens mark the stages of
T-cell ontogeny (12-13).

In man the earliest lymphoid cells within the thymus
lack mature T-cell antigens but bear antigens shared by
bone-marrow cells of several lineages (14). This popula-
tion accounts for approximately 10% of thymic lympho-
cytes and is reactive with two monoclonal antibodies,
anti-T9 and anti-T'10 (stage I). Although these two anti-
bodies are not specific for T cells (11-15) (since they
react with normal, activated and malignant cells of non-
T lineages), they are useful in providing an understanding
of antigenic changes that occur during T-cell ontogeny.
With maturation, thymocytes lose T9, retain T10, and
acquire a thymocyte-distinct antigen defined by anti-T®6.
Concurrently, these cells express antigens defined by
anti-T4 and anti-T5/T8 (stage II). The T4+, T5+/8, T6+
and T10+ thymocytes account for approximately 70% of
the total thymic population. With further maturation,
thymocytes lose the T6 antigen, express T1 and T3
antigens to the full, and segregate into T4+ and T5+*
subsets (stage III). Immunological competence is ac-

*T5* cells also express T8 antigen. For simplification, however,
these cells are referred to as T5* rather than T5*/8*.
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TABLE 1
Monoclonaz antibodies to human T cell surface antigens*
o 2. Approximate Cell Surface Ex| i Trad
Monoclonal Antibodies  fgjecylar Weights of Antigens™™ ™ (% Reactivity with Antibodies) Designations*
Non-reduced Reduced Thymocytes T Cells Non-T cells

Anti-T1*? 69K 69K 10¢ 100 0 OKT1, Leul

Anti-T3 19K 19K 10 100 0 OKTS3, Leu4

Anti-T4 62K 62K 75 60 0 OKT4, Leu3a/Leudb

Anti-T5 76K 30K +.32K 80 25 0 OKT5

Anti-T8 - —_ 80 30 0 OKTS8, Leu2a/Leu2b

Anti-T6“ 49K 49K 70 0 0 NAI/34 OKT6

Anti-T9* 190K 94K 10 0 0 OKT9, 5E9

Anti-10" 37K 45K 95 5 10 OKT10

* Reproduced with permission from Immunology Today, April 1981, Elsevier/North-Holland Biomedical Press, Cambridge.
®OK designations are available through Ortho Pharmaceuticals, Raritan, NJ. Leu designations are available through Becton-Dickinson,
Mountain View, CA. 5E9 is available through NIAID monoclonal antibody serum bank, Bethesda, MD. NAI/34 is available through Accurate

Chemical, NJ.

®T9 and T10 antigens are not T lineage specific and are found on normal and malignant populations of non-T cells (14-15). In addition, both
antigens are expressed on a fraction of peripheral T cells following mitogen stimulation (27).
©10% of thymocytes express a high density of T1 and T3 antigens while the remaining thymocytes express little or faint reactions with anti-T1

and anti-T3 (22).
9T6 is B,-microglobulin associated.

quired at this stage but is not fully developed until the
thymic lymphocytes are exported (16). Outside the thy-
mus the resting (T1+, T3+, T4+) and (T1+, T3+, T5+)
subsets lack T10 and represent the circulating inducer
(helper) (17, 18) and cytotoxic/suppressor populations
(19, 20, 21), respectively.

Unlike the majority of the thymocytes which express
little or only faint reactivity with anti-T1 and anti-T3
(22), all of the circulating peripheral T cells are strongly
T1+ and T3+. The T4 antigen is expressed on approxi-
mately 55-65% of peripheral T cells, and the T5 (18)
antigen is present on 20-30%. These two subsets corre-
spond to THz— helper and TH:+ cytotoxic/suppressor
cells, respectively (19, 23). Moreover, unlike stage II
thymocytes, T4 and T5/T8 antigens are expressed on
mutually exclusive subsets of mature T cells (14, 20, 24).
Table I lists the cell-surface expression of antigens de-
fined by monoclonal antibodies and shows their prelimi-
nary biochemical characterization (25-30).

Functions of Mature T Lymphocyte Subsets

Given the existence of two distinct subpopulations of
peripheral T cells and the multiplicity of functional re-
sponses effected by T lymphocytes, it is important to
determine whether an individual T lymphocyte possesses
all these effector and regulatory functions or whether T
cells within a subset are unique with respect to their
functional repertoire. A series of functional studies on
isolated subpopulations of peripheral T lymphocytes has
demonstrated that the latter hypothesis is correct and
that the specific program of T cells is linked to the
expression of a particular cell-surface antigen.

For example, only the T1+, T3+, T4+ population
responded to soluble antigen (17). In contrast, both sub-
sets of cells show a maximal response to cell surface
antigens (alloantigens). In additional studies, it was
shown that the T1+, T3+, T4+ population responds
maximally to PHA, while the T1+, T3+, T5+ subset

showed a diminished response. Both cell populations
respond similarly to conA.

As mentioned above, one of the major effector func-
tions of human T lymphocytes is their capacity to be-
come sensitized to HLA-A, -B, and -C locus antigens and
to effect specific cell-mediated killing. It was found that
only the T1+, T3+, T5+ subset (20, 24) contained a
cytotoxic effector population when separated after allo-
geneic activation in mixed lymphocyte culture. The T1+,
T3+, T4+ population, although capable of proliferating
to alloantigen, did not become cytotoxic when separated
after sensitization (17).

Perhaps the most important difference between these
T-cell subsets was evident from their differential regula-
tory effects on the immune response (6, 7). The T1+,
T3+, T4+ cells were shown to provide inducer (helper)
function in the T-T, T-B, and T-macrophage interac-
tions. For example, although the T1+, T3+, T4+ cells
were not cytotoxic effectors when separated after allo-
geneic stimulation, they were required for optimal devel-
opment of cytotoxicity within the T1+, T3+, T5+ effec-
tor population (17). This is similar to findings in previous
studies which showed that the TH:+ population defined
by heteroantisera contained the cytotoxic effector cell,
while the TH,— population contained the helper cell for
development of cytotoxicity (23).

Thus the T1+, T3+, and T4+ (T4+) T cells provided
an inducer function in T-T interactions. T4+ T cells also
provided helper function in T-B interactions (18, 21).
Only the T4+ T-cell subset provided the signals neces-
sary to help autologous B cells to proliferate and differ-
entiate into immunoglobulin-containing cells. In con-
trast, the T1+, T3+, T5+ (T5+) T cells did not induce B
cells to proliferate or to differentiate. Moreover, the
inducer role of the T4+ T cells for B-cell immunoglobulin
production was shown in both a pokeweed-mitogen-stim-
ulated (18) and an antigen-stimulated system (31).

Prior studies demonstrated that antigen-triggered T
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cells produced helper factors, including lymphocyte mi-
togenic factor (4) (which induced proliferation of T cells,
B cells, null cells, and macrophages) and T-cell replacing
factor which initiated B-cell immunoglobulin synthesis
in the absence of T cells. In recent studies, it was found
that only the T4+ subset made these nonspecific helper
factors (31). The T-cell subset restriction of these factors
in man further stresses the importance of this T-cell
subset to the induction of the human immune response.

The above findings helped assign an inducer role to
the T4+ population in T-T, T-B, and T-macrophage
interactions. Moreover, they provided additional evi-
dence that a proliferative response to soluble antigen is
restricted to the inducer population. The regulatory ef-
fects of the T4+ population do not appear limited to cells
of lymphoid lineage. Since it is known that antigen-
stimulated T lymphocytes produce helper factors which
modulate erythroid stem-cell production in vitro, it is
probable that the T4+ population of lymphocytes is
important in some aspect of erythroid differentiation
(32). Similarly, osteoclast-activating factor (33) and sol-
uble factors inducing fibroblast proliferation and collagen
synthesis have been shown to be derived from antigen-
stimulated T lymphocytes (34). These findings suggest a
much broader biological role for the T4+ inducer popu-
lation in man. In contrast, the T5+ subset contains a
mature population of cells with cytotoxic and suppressor
function but not inducer function (20-21). Following
activation with conA, T5+ cells suppressed autologous T
cells responding in mixed lymphocyte culture (MLC). In
addition, this same T5+ population suppressed B-cell
immunoglobulin production. It should be emphasized at
this point that although both T4+ and T5+ subpopula-
tions proliferated equally well on mitogenic stimulation
by con A, only the T5+ population became suppressive.
These results support the view that the T4+ and T5+
subpopulations have a separate program for their respec-
tive helper and suppressor functions independent of that
required to discriminate and react to nonspecific poly-
clonal mitogens or antigens. Moreover, these results sug-
gest that the programming of the specific cell function is
linked to the expression of a particular cell-surface phe-
notype and that such programming occurs before cell
activation.

Further evidence substantiating this notion is provided
by the subsets’ differential susceptibility to expression of
Ia antigens following specific activation stimuli (35). In
several species, immunoregulatory activities are me-
diated by intercellular signals involving products of the
I region of the major histocompatibility complex. Human
Ia-like antigens were first defined by alloantisera (36)
and subsequently by heteroantisera (37) and monoclonal
antibodies (35). In man, Ia antigens are expressed on the
surface of B cells, most monocytes and a subset of null
cells, but are not detected on resting T cells (35, 38).
Activation of human T cells results in de novo biochem-
ical synthesis and cell-surface expression of la antigens
(39). Thus, the appearance of Ia antigen on T-cell subsets

serves as a marker of specific T-cell activation. Following
alloactivation in MLC or stimulation by PHA and con A,
both T4+ and T5+ T-cell subsets express Ia antigens. In
contrast, when the T-cell population is specifically acti-
vated by soluble antigens, $nly the T4+ subset expresses
Ia. Therefore, the appearance of Ia antigens on unique
T-cell subsets depends on the activation stimuli and the
ability of that individual subset to respond to a given
stimulus.

The observation that only a fraction (~40%) of T4+ T
cells expressed Ia antigen on activation suggested that
the T4+ population might be heterogeneous. To test this
possibility, antigen-activated T4+ T cells were separated
into T4+Ia+ and T4+Ia— populations and characterized
(40). It was found that the T4+Ia+ population contained
the majority of proliferating T cells and that most of this
proliferation was non-specific. Elimination of the
T4+Ia+ T-cell subset with monoclonal anti-Ia+ and
complement treatment, diminished subsequent prolifer-
ation to the triggering antigen and to unrelated antigens.
In addition, only the antigen induced T4+la+ subset
produced non-specific helper factors. Although the Ia—
fraction represents 60% of the T4+ population it showed
minimal proliferation to soluble antigen and did not
elaborate helper factors. Nonetheless, a mixture of both
T4+Ia+ and T4+Ia— T cells was required for maximal
Ig secretion by B cells, since these two T4+ subsets

worked in a synergistic fashion.
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F1G. 1. The human T-cell circuit. Cellular and humoral responses
are regulated by T4" inducer (Tind) and T6* suppressor (Tsup) T
lymphocytes. One subpopulation of T4* cells (Tind.s), reactive with
JRA autoantibodies, induces T5* suppressor cell activation while a
second subpopulation of T4" cells (Tinda) induces help for cytotoxic
T cell (Tc) effector function, B cell differentiation and immunoglobulin
production. Many of the effector cells illustrated above including NK,
K, mast cells, polymorphonuclear leukocytes (PMN) and macrophages
(Mac) are under the influence of these regulatory cells and their
products. (Reproduced with permission from Immunology Today, April
1981, Elsevier/North-Holland Biomedical Press, Cambridge.)
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Other studies have provided additional evidence to
support the existence of heterogeneity within the T4+
subset. It was shown that approximately 35% of T4+ T
cells and 10% of T5+ cells reacted with an antibody
found in the serum of many patients with active juvenile
rheumatoid arthritis (41). These T4+JRA+ cells, are
required to induce the T5+ subset to mediate suppression
of B-cell Ig secretion. Thus T4+JRA+ T cells appear to
be the inducer cells of suppression while T4+JRA™ cells
are the T inducers of help (fig. 1). Yet to be determined
is the relationship of T4+Ia+ lymphocytes to the
T4+JRA+ subset.

Therefore the T4+ subset is analogous to the murine
Ly1+2 subset which provides helper function through
both specific and non-specific signals and induces sup-
pressor cell activation as well (42). In this regard the
T4+JRA+ subset has a counterpart in the Lytl+Qal+
murine subpopulation (43) and the T4+Ia+ in the
Lyt1+2;Ia+ subset (44). The T5+ T subset in man ap-
pears to be analogous to the murine Lyt2,3+ subset
which mediates both cytotoxic and suppressor functions
(42). Based on the evolutionary conservation of other
cell-surface molecules (that is, immunoglobulins, MHC-
encoded antigens, etc.), it is likely that the antigens
defining the phenotypes of inducer and suppressor pop-
ulations in man and mouse are biochemically similar.
There is already good evidence to indicate that the T5
antigen and the Lyt2,3 antigen are homologous (27).
However, whether the T4 antigen and the Lytl antigen
are similar is less certain. Nonetheless, given the obser-
vation that T4 and TS are on reciprocal subsets in man
with similar functions to the murine Lyt1+2 and Lyt2+
populations it is likely that an antigen equivalent to T4
exists on a murine Lyt1+2 subset.

Clinical Disorders of T Lymphocytes

In this review, we have provided evidence to support
the theory that it is possible to detect T-lymphocyte
subpopulations with unique biological functions on the
basis of their cell-surface antigenic components. The
application of this technology to human immunodi-
agnosis is just beginning. It is now possible to define the
heterogeneity of T-cell malignancies; diseases of T-cell
maturation and/or premature release; diseases associ-
ated with loss of T cells; diseases associated with imbal-
ances of T-cell subset restricted functions; and diseases
associated with activation of T-cell subsets.

Since immunological functions are acquired only at the
latest stage of intrathymic ontogeny, premature release
of immunologically incompetent cells or aberrations of
T-cell maturation resulting in blocked differentiation
could lead to immunodeficiency. The development of
probes that make it possible to define points along the
differentiative pathway should help in the understanding
of heterogeneity within congenital immunodeficiencies.
In this regard it has already become evident that patients
with severe combined immunodeficiency may have thy-

mocytes blocked in differentiation either at stage I (T'10+
or T9+T10+) or stage III (T3+T4+T5+/T8+T10+) (45).
As expected, only those patients with the latter popula-
tion express any T-cell function (i.e. MLC proliferation).

Major immunological abnormalities result from alter-
ations in the mature T cell subsets. Some patients with
acquired agammaglobulinemia lack the T4+ population
and possess a T cell population incapable of triggering B
cell synthesis of immunoglobulin. This specialized cir-
cumstance must be discriminated from that in the ma-
jority of patients with agammaglobulinemia, who have
B-cell abnormalities but possess normal T cells (6, 7).

Circulating activated T4+ cells appear to result in
different immunopathological abnormalities including
the formation of autoantibodies directed at red cells,
white cells, and platelets. Activated helper cells have
been demonstrated in patients with active graft-v.-host
disease (46), and similar abnormalities have been seen in
patients with sarcoid, scleroderma, and Sjogren’s syn-
drome. Not only is there an increase in T4+ cells, but
these activated T lymphocytes, unlike resting lympho-
cytes, express la-like (HLA-D related) antigens. The
presence of activated T lymphocytes in human disease is
not uncommon (47). Whether activated T4+T cells ac-
count for hyperglobulinemia, lymphocytosis, dermal in-
filtration, granuloma formation, or fibrotic lesions in the
diseases mentioned above is being investigated.

It is obvious that defects in immunoregulation could
result from either a loss or a persistent activation of the
T5+ population. Loss of the T5+ T cells should result in
unopposed inducer functions, whereas activated T5+
cells should suppress the immune response. In patients
with acute graft-v.-host disease, in which activated helper
cells have been demonstrated there is also a loss of
suppressor cells (46). A similar loss of T5+ cells has been
seen in naturally occurring autoimmune diseases includ-
ing systemic lupus erythematosus (48), hemolytic anemia
(49), multiple sclerosis (50), severe atopic eczema, hyper-
IgE syndrome and inflammatory bowel disease (7). More-
over, the loss of the T5+ population may correlate tem-
porally with the severity of clinical disease. The precise
mechanism by which one population is lost or another
activated is not clear. There is evidence from patients
with lupus that autoantibodies are present in the serum
and directed at the T5+ population (51). Autoantibodies
may selectively eliminate the suppressor population or
modulate its functional properties. Similarly, in studies
of patients with juvenile rheumatoid arthritis, the loss of
suppressor cell function correlates with increased B cell
Ig secretion, the presence of autoantibodies to a T4+
subset which induces suppressor cell function, and in-
creased disease activity (41).

In contrast, the presence of excessive numbers of ac-
tivated suppressor cells results in severe immunodefi-
ciency. For example, in a small number of patients with
acquired agammaglobulinemia, activated T5+, Ia+ cells
were responsible for suppressing autologous B cell pro-
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duction of immunoglobulin (49). Increased numbers of
activated suppressor cells have also been seen after viral
infections including those caused by Epstein-Barr virus
and cytomegalovirus (52). In infectious mononucleosis,
the self-limited increase in suppressor cells may account
for transient immunologic hyporesponsiveness, but in
patients with chronic graft-v.-host disease, persistent cir-
culating suppressor cells cause prolonged immunologic
incompetence (46). Moreover, antigen-specific suppres-
sor cells may result in human disorders. Patients with
lepromatous leprosy have a T5+ population that can be
specifically activated by lepromin (53). In this case, ac-
tivation of T5+ T cells is antigen-specific; nevertheless,
these activated suppressor cells may cause generalized
immunosuppression. Presumably, the energy seen in tu-
berculosis, systemic fungal infections, and protozoan in-
fections may result from similar mechanisms. Finally it
should be noted that an imbalance in the indu-
cer:suppressor cell ratio is itself sufficient to result in
diminished immunoglobulin production in vitro and
agammaglobulinemia in vivo. A relative increase in sup-
pressor cells is a common finding in patients with ac-
quired agammaglobulinemia and circulating B cells (48).

Human T-Cell Malignant Diseases

The ability to define cell-surface antigens that appear
at specific stages of T-cell differentiation has, in addition,
allowed for the orderly dissection of T-cell malignant
processes in human beings. In fact, these T-cell diseases
reflect the same degree of heterogeneity and maturation
as is seen in normal T-cell ontogeny (14). For example,
the tumor cells in most cases of acute T-cell lymphoblas-
tic leukemia arise from an early thymocyte or prothy-
mocyte compartment (stage I), whereas in only 20% of
cases the cells are derived from a common (stage II)
thymocyte compartment and therefore bear the T6 an-
tigen. To date, we have found only one T-cell acute-
lymphoblastic-leukemia tumor that arose from the most
mature thymic compartment and expressed the T3 an-
tigen (stage III). Since normal thymocytes have not
acquired mature T-cell functions at either the level of
the stage I or II thymocytes, it is not surprising that the
vast majority of acute lymphoblastic leukemia T cells in
human beings have no demonstrable function.

The tumor populations from patients with T-cell
chronic lymphocytic leukemia, Sezary syndrome and my-
cosis fungoides are derived from the mature T cell com-
partment bearing the T1 or T3 antigens or both (15, 54).
Therefore, as expected some of these tumor cells display
helper or suppressor functions. In this regard all tumor
populations from patients with Sezary syndrome bear
the T1+T3+T4+ phenotype and may demonstrate the
functional capacity to provide help for B cell Ig synthesis.
T cell CLL tumor populations have mature inducer or
suppressor phenotypes. Since 6 of 8 T-CLL tumor pop-
ulations studied to date have been of the helper pheno-
type, it would appear that the frequency of subset deri-

vation corresponds to that expected from the normal
ratio of inducer:suppressor cells (i.e. 2-3:1).

Immunotherapy by Selective T-Cell Subset
Manipulation

The ability to dissect normal lymphoid differentiation
and define the biology of lymphocytes in health and
disease will allow an understanding of the disorders of
the human immune response. In addition to their im-
munodiagnostic utility, the reagents described in this
review may be potent therapeutic tools themselves. It is
also likely that certain drugs will have selective effects
on individual T-cell subsets such that they could be
utilized to alter the ratio of T inducer and T suppressor
cells.

Finally, it is important to note that anti-T3 may serve
as an important immunosuppressive agent since anti-T3
alone was found in earlier studies to block proliferative
responses of T lymphocytes to both soluble and cell
surfage antigens (55). As few as 10* molecules of anti-T3
per cell appeared to inhibit these responses when added
early in the culture period.

In addition to abrogating antigen-stimulated T cell
proliferation responses, anti-T3 blocked the ability of T
cells to provide help to autologous B lymphocytes in a
T-dependent, PWM-driven system. Thus, in the presence
of anti-T3, Ig secretion by the T-B mixture was reduced
to the level of Ig secretion found in B cells. Similar to the
inhibition of T cell proliferation, anti-T3 inhibition of
PWM-driven Ig secretion occurred during an early phase
of cell-cell interaction. The ability of anti-T3 to inhibit
T-cell proliferation as well as T-B co-operation suggests
that anti-T3 defines an important T cell interaction
molecule. The failure of all other T cell specific antibodies
to block these functions and the fully developed expres-
sion of the T3 antigen late in thymic differentiation, at
the time of acquisition of immunologic competence, sug-
gests the importance of T3 (55).

Given the potency and specificity of monoclonal anti-
bodiygs compared with conventional heteroantisera and
non-specific immunosuppressive agents one would pre-
dict that reagents of this type should be useful in treat-
ment of autoimmune disorders as well as in renal and
bone marrow transplantation. Indeed anti-T3 has already
proved useful in preventing and abrogating renal allograft
rejection in human beings. (Personal communication,
Renal Transplant Group, Mass. General Hospital.) We
believe that recent advances in the understanding of
human immunology as outlined in this review suggest
strategies with which to manipulate the immune re-
sponse for the benefit of the host.
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