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1. INTRODUCT ION

T lymphocytes play an Important role In most aspects of the
Immune response. T lymphocytes are knowh to be the controlling
element In cell-mediated immunity, the form of Immune response
characterized by effector functions of cells rather than serum
antibodies. Additionally, antibody production to most antigens
Is T cell-dependent. Which means that B cells make very little
or no antibody In the absence of helper T cells. T cell products
appear tocontrol the switch from IgM to 1gG and probably also to
other Ig Isotypes such as IgA or IgE.

The magnitude of most Immune responses Iis delicately balanced
largely through Iinteractions of positive (helper) and negative
(suppressor) forces within the T cell compartment.

Moreover, T cell products exert effects over many other cells. T
cell products modlfy the activities of cells of the
monocyte/macrophage series. One T cell product that has recently
been Iintensely investigated, gamma interferon, modulates the
expression of surface antligens on most cells of the body.

While it has been known for many years that the reactions of T

cells to antigen are highly specific, until recently the
molecular basis of the antigen specifliclity of T cells was not
known. It had been observed that the determinants recognized by

T cells on a given antigen were often different from the
eplitopes reacting with serum antibodies. More Iimportantly, It
became clear that T cells virtually never recognized foreign
antigen alone, but rather were triggered to actlion by their
recognition of foreign antigen together with an antigen of the
ma jor histocompatibility complex expressed on accessory cells.

Because it was known that B cells were stimulated when soluble
antigen combined with speclific antibody molecules on their
surface, It was speculated that similarly, T cells might be
triggered by a surface Iimmunoglobulin molecule. Efforts to
demonstrate the presence of Immunoglobullin structures on T cells
were largely unsuccessful, however. Furthermore, more recent
studies have clearly shown that immunoglobulin genes are not
rearranged or activated Iin most T cells.

With the discovery of methods for the production and maintenance
of T cells In continuous culture and the development of T cell
clones, It became possible, within the last two years, to produce
antibodies that recognized and permitted Isolation and study of

the antigen-specliflic T cell receptors. The year 1984 will be
remembered In the history of Immunology for the dliscovery of the
T cell receptor and It's characterlizatlon as a surface
glycoprotein, as well as the lIdentification of the corresponding
genes for T cell receptor alpha, beta and gamma polypeptide
chains.

These and other developments have led to a remarkable



acceleration In the rate at which we have gained knowledge about
T cells and their functional molecules. This rapid progress has
been made possible through the development of methodology for T
cell cloning, the ever wider use of monoclonal antibodies which
have faclilitated the molecular characterization of T cell
products, and the widespread use of recombinant DNA technology
which has led to description and structural analysis of the genes
and study of their activation and transcription. It has also, in
many Instances, led to the avallability of highly pure products
for functional studies In vitro and in vivo.

Inevitably, this explosion of new knhowledge will have an Iimpact
on a variety of medical problems. Already, rearrangements of the
T cell receptor genes detected by Southern blotting are used for
Ildentiflcation of T cell neoplasms. The same techniques are
beling used to Investigate the early stages of development of T
cells In the thymus and the orligins of self-non-self
discrimination. The Implications of these studies for
understanding the origins of autoimmune reactions are obvious. A
new syndrome of Immune deflclency characterlized by the absence of
a functional surface molecule (LFA-1, or CDw18), has been
described. Recently discovered polymorphisms of the T cell
receptor genes, detected by restriction enzyme digestion of
genomic DNA, are being utlilized to Investigate the inheritance of
T cell receptor alpha and beta haplotypes and thelr possible
relationships wlith susceptibillity for dliseases such as diabetes
mellitus Type | and rheumatoid arthritis. New studies of T cells
and thelr functlonal molecules are also expected to shed |ight on
our understanding of the rejection of organ allografts and the
production of tissue Injury In a variety of autoimmune diseases
in which T cell Immunity appears to play a predominant roile.

2. HELPER, SUPPRESSOR AND CYTOTOXIC T LYMPHOCYTES.

It has been customary to classify T lymphocytes broadly Into
three functlional groups: helper, suppressor and cytotoxic.
Helper lymphocytes are programmed to amplify the functions of
other cells such as B |lymphocytes, other T Iymphocytes or
macrophages. In order to perform thelr helper functions they
must first be stimulated.

Activation of helper T cells (Table 1) may occur when they
encounter a specific foreign antigen In association with

autologous class |l MHC molecules. Stimulation also results from
the admixture with cells that possess forelign class |1l MHC
antigens, as in the mixed Iymphocyte culture reaction. In

addition, activation of helper T cells may be accomplished by a
variety of substances such as lectins (PHA, concanavalin A), and
antibodies that attach to and perturb, or crosslink, certaln
lymphocyte surface molecules. The speclific T cell receptor for
foreign antigen and self MHC determinants will be discussed In
the following section. Other surface molecules that modulate the
activation of Tcellswlill be the toplc of section number 5, of
this review.



TABLE 1

ACTIVATION PATHWAYS FOR T LYMPHOCYTES

Stimulating Agent Target Surface T Cells Activated
Molecules

Foreign antigen Antigen-Specific CD8+ cells, class | MHC
+ sel f-MHC T cell receptor CD4+ cells, class || MHC
Al logeneic MHC T cell receptor same as above
Sel f-MHC alone Probably same Fewer cells
Antibodies against Ti or CD3 Most T cells
Ti-CD3 complex
Antibodies against CD2 (sheep RBC Most T cells
CcDh2 receptor)
Other antibodies 9.3 CD4+, & cytotoxic CD8+

CD5 Augment proliferation

of most T cells

Lectins cb2, CD3 Most T cells with PHA
Cytotoxic T lymphocytes also called kKiller cells or effector
cells, are able to destroy certain target cells such as other
lymphocytes, macrophages, flbroblasts, neoplastic cells, etc. In
order to develop Into mature killer cells the percursor T cells
must first be activated by a speciflc forelgn antigen 1In
assocliation (most frequently) with an MHC class | molecule, and
more rarely, with class Il MHC molecules. They can also be
stimulated by cells having allogenelc MHC antigens. The
Importance of allogeneic killing In the destruction of allografts
and in the development of tissue leslons in autoimmune diseases
will be discussed in subsequent sections. Cytotoxic T cells can

also be activated by treatment with certain lectins or by the
binding of antibodies to certain surface molecules. For example,
attachment of monoclonal antibody to the CD3 molecules has been
observed to trigger broadly reactlive nonspecific killer activity.

Suppressor T lymphocytes are cells that can be shown to down-
regulate the activities of other cells. Thus suppressor cells
may act on certaln effector cells such as B |lymphocytes and
inhiblt Ig production or they may act on helper T cells and by

suppressing thelr activity obtain an overall reduction of the
Immune response. The precursors of suppressor T cells are also
activated by specific antigen In assocliation with class || MHC

antigens. Or they may be triggered by lectins such as Con A.



Even when the Initial Induction of suppressor cells Is antligen
speciflic the final effector cells often have been found to be
non-specliflic.

Engleman and coworkers have studied the development of human
suppressor cells In alloreactlve and soluble-antigen-speclific

systems. In thelr typlical experiments CD4+ T cells are activated
by antigen (Flgure 1) and act on fresh autologous CD8+ cells to
Induce speclific suppressor T cells which subsequentiy inhibit
Antlgen
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Figure 1. Generatlon of Human Suppressor Cells In vitro.
Modlified from Daniel, Mohagheghpour and Engleman. J.
Immunol 132:644, 1984.

the proliferation of fresh CD4+ cells to the antigen. In this
case the suppressor cells generated were found to be antigen
specific.

At this point, It Is necessary to address the relationship
between the above functlional classiflcation of T lymphocytes and
certaln cell surface markers detectable wlth monoclonal

antlbodles. The background to this was the discovery of the Lyt
lymphocyte markers In mice by Boyse and coworkers and thelilr
applicatlon to the classiflcation of T cells by Cantor and Boyse,
about 10 years ago.

In man, It was generally accepted that cells reacting with OKT4
(Leu 3) were helper T cells and OKT8+ (Leu 2+) lymphocytes were
suppressor/cytotoxic. In 1982, Ted Ball who was workling In my

laboratory as a fellow, was examining the phenotyplic markers of
human cytotoxic T cells that kiiled monocytes or B Ilymphocytes on
which they recognized speclflic class Il MHC antigens. He came
across the astonishing finding that these killer cells were not
eliminated, as expected, by treatment with OKT8 monoclonal



antlibody and complement. Instead, the majority of these class
ll-specific klilers were T4+ cells. Almost at the same time,
Susan Swaln working with mouse kliller cells was making simllar
observations. Subsequently other Investigators have tested
clones of human cytotoxlc T cells specific for class |1 MHC
antigens and found them to have the T4 phenotype. The hypothesis
has been put forth that the CD4/CD8 markers are assoclated with
the type of MHC antigen recognlized by the T cells (class | or
class I1l) rather than with thelir functional classification. As
will be seen later, this view Is strengthened by other
observations about the functlional role of the CD4 and CDS8
molecules.
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T cell Iines and clones.

One of the technical advances that has gliven impetus to T cell
research was the discovery that normal T cell populations can be
propagated In culture for long perlods of time by simply
restimulating them perliodically with antigen and by providing
adegquate amounts of the T cell growth-promoting factor,
Interleukin-2 (1L-2).

For cloning, In our laboratory such replicating T cells are
dlluted and cultured wlith Irradliated filler cells In such a way
that colonies develop which are derlved from a single cell which
was placed In a small well. Other workers develop colonies In
seml-solld agar and pick them out mechanlically. The principle Is
the same: a single cell gives rise tomlillions of cells which
can be tested In functlonal assays such as proliferation or
target cell killing.

T cell clones were found to be antigen specific. For example
they proliferated In response to mumps virus antigen and not to
keyhole hemocyanin or they recognlized specliflically the synthetic
polypeptide GAT and not (T,G)-A--L. In addition, human T cell
clones were dependent on the presence of accessory cells which
processed and presented the foreign antigens, secreted soluble
factors and provided also, on thelr surface, the class |1 MHC
antigens needed to trigger the T cell response.

An Iinteresting feature of these experiments was that monoclional
antibodlies could be used to discriminate between the different
class Il MHC molecules. Using the technique of monoclonal
antibody inhibition, it was observed that T cells specliflic for
mumps virus were most often Inhiblted when the accessory cells
were treated with monoclonal antibodies against HLA-DR. In
contrast, T cells that recognized the polypeptide antigens GAT or
(T,G)-A--L were more often Inhiblted by anti-DQ.

The Interaction of antigen with Immunologically competent cells
may, under certain clircumstances lead to a state of antigen-
specific unresponsiveness which Is usually called Immunological
tolerance. This Is thought to be a majJor mechanism of
discriminatlion between self and non-self. Lamb and coworkers
have developed a model to study the changes that take place In T
cell clones during tolerance Induction in vitro. The antigen
used was a synthetic peptlide that corresponds to a small segment
of the hemagglutinin of Influenza virus. Exposure of CD4+ T cell
clones to high concentration of the peptide reduced subsequent
proliferation In response to the antigen by more than 90%.

Tolerance Induction was antlgen-speclific, long-lasting (at least
one week), did not requlre suppressor cells and was Inhiblted by
antibodies agalnst HLA-DQ. Thus tolerance Induction appears to

be MHC restricted.

Interestingly, tolerlized cloned T cells lost the property of
binding to antligen-pulsed monolayer cells suggesting a functional
loss or lInactivation of the speciflic antigen receptor.



TABLE 2.
CHANGES IN T CELL SURFACE MOLECULES DURING

IN VITRO TOLERANCE INDUCTION WITH INFLUENZA HA PEPTIDE!

Molecule Change Observed
CD3 Marked decrease
CD4 No change
TI Marked decrease
HLA-DR No change
cpz2? Increased
cp253 Marked Increase

1 Modifled from Feldmann, Zanders, Lamb, 1985.
CD2 = SRBC rosette r‘eceptor
3 cD25 = Tac or IL-2 receptor

T cell clones have recently been used to Investigate various
animal models of autolimmune diseases. The same technology Is
just beginning to be applied to the study of human patients. In
one report, T cell lines were Isolated from a patlent with
Chages’' disease. The cell line was found to be specific for
Trypanosoma Cruzi and was of the CD4+ phenotype. It proliferated
in the presence of autologous but not of HLA-DR unrelated
accessory cells.

Other Investlgators have recently reported developling T cell
llnes from patients with myasthemla gravis. As will be further
discussed In Section 11, they found them to proliferate In
response to a preparation of acetyl choline receptor antigens
when presented by HLA-DR-compatible antligen-presenting cells.
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3. T CELL PRODUCTS: LYMPHOKINES.

T cells make a variety of products that work on other cells and
act as mediators of a spectrum of T cell effects. These
substances are qulite diverse and thelr actions Include
stimulation of proliferation, enhancement of cellular
differentlation, attraction and retention of cells at sites of
Inflammation, or growth Inhibition and killing (Table 3).

The study of these factors has for a long time been conslidered
one of the most difficult areas in immunology. Lymphokines were
usually found In crude supernatants containing mixtures of many
substances. They were produced In small amounts and methods for
assay consisted of cumbersome observations of biologic effects.

However, thls area also Iis ylelding to technologlical advances.
The genes are beling cloned and sequenced. The structure of the
hormones or factors are belng eluclidated. Pure materlals are
being produced by recombinant DNA technology.

A partial list of T ceil factors to be considered is shown In
Table 3. Among these, are several whose genes have been cloned:
lymphotoxin, Iinterleukin-2, interleukin-3, Interferon-gamma. Two
macrophage-der lved factors have also recently been cloned. They
are Iinterleukin-1 and tumor necroslis factor.
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TABLE 3

SOME SOLUBLE FACTORS PRODUCED BY T CELLS

Effect on Other Name of Factor Target Cells
Cells
Proliferation Interleukin-2 T lymphocytes
Interleukin-3 Macrophages, mast cells,
T cells
BCGF B lymphocytes
GM-CSF Granulocyte/monocyte
precursors
Differentiation Inter feron All cells
BCDF B lymphocytes
Osteoclast Osteoclasts

activating factor

Col lection Chemotactic Macrophages, leukocytes,
factors T cells
MIF Macrophages
L L F Leukocytes
Inhibltlion/ LymphotoxIin Many cells
cytotoxicity Growth Inhibitory Various types
factors
Interleukin-2 (iL-2), also called T cell growth factor acts
mainly on other T cells and induces them to proliferate. IL-2

also appears to be the maln signal for the expression of |L=2
receptors. Thus IL-2 promotes growth of T cells by binding to
specific membrane receptors the appearance of which is enhanced
by the presence of |L-2. Resting T cells express few or no |L=-2
receptors. When T cells are triggered by antigen, expression of
IL-2 receptors Is Induced and simultaneously IL-2 Is produced and
secreted and bound to the receptors. Thus, the Induction of the
appearance of I[IL-2 receptors and the productlion and syntheslis of
IL-2 constltute a mechanism by which T cells accomplish thelr own
replication and growth.

Factors affecting B cell growth and differentiation, produced by
T cells, are requlred for antibody production. Three steps have

been identified In the B cell activation process. In the first,
resting B cells are acted upon by antigen or other substances
that can crosslink the membrane-bound |Ig receptor. Thus

activated B lymphocytes become responsive to the action of T cell
factors.

11



B cell growth factor (BCGF) was found to be distinct from IL-2.
It acts on B cells triggered by antigen or anti-lg, LPS or Staph
aureus strain Cowan |, but not on resting B cells. The factor
binds to such activated B cells but not to resting B cells or to
T cells. Under the Influence of BCGF B cells proliferate but do
not mature Into lg-secreting cells.

Separate factors that Iinduce B cells to differentiate and to
secrete Ig but do not stimulate proliferation of B cells have
been described by several investigators. The molecules that
induce B cell differentiation were found to be distinct from
several other lymphoklines Including IL-1, IL-2, G/M-CSF, IFN, IL-
3 and BCGF.

T cell-derived B cell differentlation factors are also Iinvolved
In the regulation of Isotype expression. Ishizaka and coworkers
found that they could differentiate between T helper populations
that had preferentlal effects on either the |1gG or the I[gE
antlibody response. Other Investigators observed T cell-derived

factors that preferentially provided help to B cells secreting
IgA antibodles.

Vitteta and coworkers have described separate factors that
stimulate the production of IgM (BCDFu) or 1gG (BCDFYy). The
latter factor, which appeared to bind on a non-Ilg receptor on B

cells, preferentially stimulated the production of 1gG1
antibodies.

It appears that T cell factors that regulate Iisotype expression
can be of two kinds: a. factors that bind to Ig of a certaln
type and are Involved In the selective expansion or

differentliatlon of committed B cells; b. factors that do not
bind to Ig which might be responsible for Isotype swlitch
Induction. In addlition IL-2 and IFN-Y also appear to stimulate
proliferation and differentiation of B cells.

Recent exper iments by Milanese and coworkers have shown that BCGF
is produced by both T4 and T8 subpopulations of human T
lymphocytes. B cell differentiation activity was largely but not
exclusively restricted to the CD4+ population. Triggering of T

cells through elither Ti-T3, or the CD2 pathway led to both BCGF
and BCDF production.

The human genomic DNA sequence of the IFN-y gene is located on
the long arm of chromosome 12. It contalins three introns and a
repetitive DNA element. The molecule Is composed of 146 amino
acids, wlith a molecular welght of 17000 daltons. The 20 and
25,000 molecular welght products are produced by glycosylation.

Inter feron exerts Its actlon by binding to a membrane receptor.
Except for Itsrole Ingrowth Inhiblition, where It appears to act
In combination with Iymphotoxin, most of the functlions of |IFN-
appear to be stimulatory.

12
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Figure 2. Activation and differentiation of B lymphocytes
(Modifled from Kishimoto, 1985).

Among the most striking effects Is the Induction of surface
expression of the antigens of the major histocompatibility
complex.

Other effects observed are the Induction of high-affinity Fc
receptors for 1gG on neutrophlils and monocytes, Induction of
dlfferentation and actlivatlon of myelo-monocytic cells and
enhancement of B cell differentiation.

Lymphotoxin has also been cloned recently. The protein consists
of 181 amino aclids. Pure materlial was biologically active but
was enhanced by the simultaneous presence of I[FN- v.
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4. THE T CELL RECEPTOR.

Monoclonal antibodies have been produced agalnst the antigen
receptors of cloned T cells. These antibodies reacted with a
90KD disulfide~I|inked heterodimer glycoprotein, anchored In the T
cell membrane. In rapld successlion reports have appeared
describing the cloning and sequence analysls of the genes
encoding the alpha and beta chains that comprise the antigen
receptor. In addition, a third T cell receptor gene called gamma
has recently been descr ibed. lts product Is presentliy unknown.
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Figure 3. Schematlic representation of the structure of the beta
chaln of the T cell receptor.

Genes for the beta chalilns were Initilally characterized most
extensively. Analysis of the T cell receptor beta-chain gene
complex showed strilking simliiarities to the Immunoglobullin genes
In sequence and In organization Into clusters contalning variable
(V), diversity (D), Jolning (J) and constant (C) reglon gene
segments. In man the gene for the beta chain of the T cell
receptor Is l|located on chromosome number 7. The gene
corresponding to the alpha chain Is on chromosome 14. Both of
these genes for T cell receptor chains are structurally similar
to the genes encoding Immunoglobullins and can be shown to undergo
rearrangements in functional T cell clones and T cell neoplasms.

Figure 4. The T cell receptor-T3 complex. Tl alpha and Tl beta
subunits are held together by S-S bonds and are
assoclated with the 25 kllodalton chalin of the T3
molecule. The alpha and beta subunits are anchored In
the cell membrane with thelr transmembrane segments.
The T3 complex consists of two additional subunits with
molecular welghts of 20 klilodaltons each.

The receptor for antigen on T cell clones of elther cytolytic or
helper type Is assoclated with the T3 (CD3) trimolecular complex,
as wlll be described below, the clonotyplc structures can be
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modulated by anti-CD3 antibodies.

Both the alpha and beta chaln T cell receptor genes have recently
been found to be polymorphic. Robinson and Kindt reported
restriction enzyme fragment polymorphisms In the constant reglion
of the gene for the beta chaln. Hoover and coworkers found a
polymorhism assoclated with the alpha chaln genes. These markers

were found to segregate In members of Informative familles, as
expected, Independently of the HLA genes. The possibllity that
inheriltance of such genetic markers of the T cell receptor

haplotypes may be l|linked to the V region alleles that determine
the repertoire of T cell responses can now be Investigated. The

role of T cell receptor polymorphic sites In predisposition to
autoimmunity and especlally, as additional genetic risk factors
In diseases known to be assoclated with class Il HLA antigens Is

now beling studied.
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5. OTHER SURFACE MOLECULES THAT AFFECT T CELL FUNCTION.

The earllest step In Tcell actlivation Is the engagement of the T

cell receptor by forelign antigen presented on the surface of an
antigen-presenting cell In conjunction with the appropriate major
histocompatiblllty complex molecules. Subsequent signal
transduction may requlre the participation of additional T cell
membrane products. In man, these Include the CD3 complex, which
assoclates noncovalently with the T cell receptor, and CD2 (T11),
the sheep erythrocyte receptor. Another group of T cell surface

molecules that play a role In the activation process are CD8 (T8,
Leu 2) and CD4 (T4, Leu 3). The latter molecules define non-
overlappling subsets of T cells In normal peripheral blood.
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However, recently unusual T cells, positive for both CD4 and CD8
have been observed.

TABLE 4.

CLUSTERS OF DIFFERENTIATION (CD) SURFACE MOLECULES.

Workshop Other Molecular Cell Types
Deslignation Designation Welght Found
(X 1073)

CD1 T6, Leu 7 45,12 Cortical thymocytes
CD2 T11, LFA-2 50 All T cells forming

E-rosette E rosettes

receptor
CD3 T3, Leu 4 19-29 Mature T cells
cD4 T4, Leu 3 55 Helper/Inducer T cells
CD5 T1, Leu 1 67 Pan T, Some B cells
CcD6 T12 120 Mature T, Some B cells
CD7 3A1 41 Pan T
CcD8 T8, Leu 2 32-33 Cytotoxic/suppressor

T cells

CDw18 LFA-1 180,94 Leukocytes
cD25 Tac, I1L-2 55 Activated T cells

receptor

The capaclty of antibodlies agalnst CD4 to block class |-
restricted antigen-specific proliilferation and the ability of
antl-CD8 to Inhibit the effector phase of class |-restricted
cytotoxlic T lymphocytes have suggested that these membrane
molecules are Involved In attachment to nonpolymorphic eplitopes
of class |l or class | molecules respectively.

In additlion, a number of other lIlymphocyte function-associated
(LFA) molecules have been described. LFA-1 Is a broadly
distributed leukocyte antigen Involved In CTL and NK cell
mediated lysis. LFA-2 Is lIdentlcal to CD2 or T11, the sheep
erythrocyte receptor. It Is found only on T cells and not on B
cells. Monoclonal antlibodles agalnst CD2 Inhiblt sheep
erythrocyte rosette formatlon and vary In thelr effects on T cell
function. Antibodies agalnst certain CD2 epltopes are Inhibltory
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of CTL and of mitogen-induced prolilferative responses. Other
monoclonal antl-CD2 antlbodies have been found to Induce T cell
activatlion, expresslion of |IL-2 receptors and T celll
proliferation.
TABLE 5.
OTHER SURFACE MOLECULES OF LEUKOCYTES OF

INTEREST IN T CELL STUDIES.

Designation Molecular Cell Types Effect of
Welght Found Antibodlies
LFA-3 60-70 Leukocytes Inhibition CTL,
' Th proliferation
9.3 44 CD4+, CTL-CD8+ Enhance T proliferation
Leu 15 Suppressor-
CD8+
60.3 95-150 Leukocytes Inhibition CTL, NK,
T prolliferation
GH5, 3ACS 220 CD4+,CD8+,
B, NK Enhance T proliferation
T305 140 Actlvated T,
monocytes Not known

LFA-3 Is a broadly distributed leukocyte antigen Including T and
B lymphocytes, monocytes and granulocytes. Anti-LFA-3 monoclonal
antibody Inhiblited cytolysis by CD4+ or CD8+ T cells but not by
NK cells. It also Inhiblited PHA and MLR proliferative responses.
Anti-LFA-1 and LFA-2 antibodies block cytolysis by binding to the
effector cells. LFA-3 monoclonal antibody, In contrast, blocked
cytolysis by binding to the target cells.

All the different surface molecules were being deflined with
locally produced monoclonal antibodies and were being given a
variety of names. Therefore, |t became necessary to develop a
standard nomenclature. In August 1983, after the First
International Workshop on Human Leukocyte DIfferentlation
Antlgens a new nomenclature was developed by a IUIS-WHO
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Nomenclature Subcommlittee. The antigens were grouped Into
clusters of differentlatlon (CD) and glven numerical
designations. Thus T3 became CD3, T4 was called CD4 and T8 was
given the name CDS8. A letter, designating the typical cell of a
partlicular CD or the cell type In which the molecular weight was
determined, as well as the type of molecule (gp = glycoproteln,

gl = glycollpid, cho = carbohydrate and u = unknown) and the
molecular welght, are given In brackets. As in the HLA
nomenclature, a "w" Is used to Indicate a CD deslignation Is

considered provisional.

A number of surface molecules that have been given official names
are shown in Table 4. Some other surface molecules of Iinterest
in T cell studies are glven In Table 5.
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6. THE IMMUNOGLOBULIN SUPERFAMILY

Since the dliscovery that beta-2-microglobulin has considerable
amino aclid sequence homology to Immunoglobullin domalins many other
molecules have been added to the Immunoglobullin superfamily.
They Include the class | and class Il majJor histocompatiblity
complex antigens and the T cell receptor. These are the most
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important famlily members since they are clearly
recognlition by the T cell

Immune system.

Iinvolved

Other class |

In
MHC

antigens such as Qa and TL are expressed In lymphyoldcells and
Class |
//’ MHC
Igm/igA
trgnspgort Class Il
receptors MMHC
Fc ig, T cell 73, T4
receptors - receptor > T8
Thy-1
Primordial Molecule
Figure 5. Evolution of the Immunoglobulln superfamlly (modiflied
from Matsunaga, 1985).
liver and thelr function Is unknown. The Thy-1 antigen |Is

expressed predominantly In neuronal
small amounts In other cells such
cells, mammary glands and skeletal
structurally to the Immunoglobulln superfamlly but Its function
is unknown. This molecule Is found on peripheral blood T cells
In mice but not Iin man. It was recently reported that In mice
antibodlies against Thy-1 were able to stimulate CTL clones and
spleen T cells. The genes for mouse Thy-1 have recently been
cloned and sequenced by Silver and coworkers.

cells and thymocytes and In
as fibroblasts, epidermal
muscle. Thy-1 also Is related

Also, receptor proteins for transport of IgM and IgA show a
remarkabl!e resemblance to Igs.  Flnally, the CD4 and CDS8
molecules have also been suggested to be members of this
superfamily.

7. T CELL ONTOGENY

We have known for some time that the thymus
development of normal Tcell Iimmunity.

Is essentlial for the
In Its absence, as In the
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DiGeorge syndrome In man, or In the nude congenitally athymic
mouse, cell mediated Immunity Is deficlent.

Stem cells orglinating In the bone marrow migrate Iinto the
eplithellial thymus and after a period of time emerge as mature T
lymphocytes. During their residence in the gland, several things
happen. The T cells acquire specific receptors for recognition
of antigen. They learn to recognlze foreign antigens only In
conjunction with self MHC, on the surface of antigen presenting
cells. In addition, they learn to discriminate between self and
non-sel f. That Is, self tolerance develops. These are obviously
extremely Important events which many Iinvestigators are now
striving to explalin.

At this time, the molecular basis by which self tolerance and MHC
restriction are Imprinted In the thymus are not yet understood.
The thymus must eliminate autoreactive cells and at the same
time expand clones of T cells capable of recognizing foreign
antigen In assocliation with self-MHC molecules.

Experiments with Irradiated mice grafted with fetal thymus tissue
and gliven bone marrow cells suggest that both the epithelial
cells of the thymus and bone marrow-derived macrophages or
dendritic are Important. These are complex experiments and the
results are still rather prelliminary. They suggest that thymic
eplithellal cells are most critical for the Imprinting of MHC
restriction. While bone marrow-der ived macrophages/dendritic

cells appeared to be the major cells needed for the Imposition of
self tolerance.

Kappler and coworkers have Investligated the maturation of T cells
In the thymus by studyling the expression of T cell receptors.
They developed hybrid cell llnes from mouse thymocytes during
fetal development and examined their DNA for rearrangements of
the T-beta genes. None were observed until day 14, with all the
pattern having the normal genomlic DNA structure. On days 15, 16
and 17 however, progresslively more of the cells studied showed
typical clonal rearrangements similar to those of mature T cells.

In other experiments the same workers made use of an antibody
that recognizes anallelic determinant of the beta chain of the T
cell receptor. In organ cultures of fetal thymus they found that
around day 17 the receptor became detectable on the thymic
lymphocytes. Inftlally, In the cortex, the stalning was
concentrated to the perlinuclear area. All of the receptor
protelin was In the cytoplasm and none yet on the surface on the
cells. In the medullary areas, cells were found that had
receptor molecules on the surface. After examining many such
cells, one was found on which the receptor proteln was all
aggregated or capped In close apposition to a thymic epithelial
cell. The significance of this Interaction Is not known yet, but
It suggests that thymocytes develop surface receptor protein and
make an Initlal contact with eplithellial cells In the thymus.
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The following sequence of events has been suggested:

a. stem cells committed toa T cell phenotype migrate to
the thymus from the bone marrow;

b. as these cells they randomly rearrange theilr alpha and
beta chaln genes generating a repertolre of receptors;

c. cells with anti-self receptor are selected;

d. specificlity In some cells changes from anti-self to
anti-antigen/self MHC;

e. T cells with strong antl-self reactivity are
eliminated.

Early thymocytes that do not yet have TI-T3 structures do
however, express CD2. It was therefore suggested by Reinherz
that these cells may utlillize the CD2 (T11) pathway for actlivation
and proliferation.
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8. T CELL MALAGNANCIES

The diaghosis of human Ilymphocyte malignancies has been greatly
faclllitated by the Iintroduction of monoclonal antibodies which
recognlze cell surface antigens. Labelling of surface markers In
lymphold tissue sections Is belng used for the Immunologlical
classiflication of malignhant Ilymphomas as well as to distinguish
between benignh disorders and mallignant conditlons. However, in
many cases It may be Impossibie to decide on the basis of surface
staining. Recently |t was shown that gene mapping with DNA
probes for the Immunoglobulin heavy and iight chalns provided
another way of demonstrating the monoclonal origin of a B cell
leukemia or lymphoma. The procedure Involves demonstrating that

the genes have undergone rearrangement in a clonal fashion. It
Is now possible to utillze a similar approach with cDNA probes
for the beta chaln of the T cell receptor.

With the avalilabillty of techniques for demonstrating rearranged
genes of the beta chain of the T cell receptor, It Is now
possible to document the clonality of a given T cell population.
The distinction between an Inflammatory Infiltrate of T cells and
a monoclonal mallgnant process may be very difficult on the basis
of morphologic features.
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Figure 6. Assembly of the T cell receptor beta-chain gene from
separately encoded varlable (V B), diverslity (DB),
Joining (J B) and constant (C B) segments.
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9. T CELLS IN ALLOGRAFT REJECTION

Al lograft rejectlon moblllizes a broad spectrum of Immune
responses with either cellular or humoral mechanisms having the
predominant role In different circumstances. While serum
antibodies are well known to cause hyperacute graft fallure and
probably also play a predominant role Iin some forms of chronlc
rejection of vascularized grafts, the main effector mechanlisms
for graft rejJectlion are known to be cellular. This was
establ ished years ago by adoptive Immunity experiments and Is
attested In the tissue histology of grafts which are usually
prominently Iinfiltrated by mononuclear cells.

The ldentlity of the T cells responsiblie for the rejection of
grafts however, has been the subject of much controversy. Early
investigators drew a parallel between tlissue destruction during
In vivo rejection of grafts and the kllling of cells evident In
experiments of cell medlated cytotoxiclity Iin vitro. It was
assumed that cell mediated Ilysis was a model of the graft
rejection phenomenon. The same cells capable of killing target

cells In the test tube were presumed to be responsible for
destruction of grafts.

Then came the surface markers that lIdentified T cell subsets and
It became possible to put this hypothesis to the test. The
surprising and totally unexpected finding from these experiments
was that cells of the Lyt-2 (equivalent of CD8) phenotype could
be removed from populations of cells used to transfer adoptive
rejection and allograft destruction proceeded unmodified. From
these results It was, perhaps too hastily, concluded that
cytotoxlic T cells were not required for rejection of allografts.
The cells responsible were thought to be the effector cells of
delayed-type hypersensitivity, known to be contained In the L3T4
(equlivalent of CD4) subset.

In the meantime other workers showed that |If cytotoxic T cells
were Injected directly Into grafts marked destruction occurred at
the site of Inoculation. Such results suggested that cytotoxic T
cells were capable of causing Injury to tissue or organ
allografts. ‘

Moreover, as recently polinted out by Stelnmuller, the cell
transfer experiments did not take Into account two Important
facts and should therefore be Interpreted with caution. The
filrst fact, Is that the elimination of the Lyt-2-positive cells
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from the population of cells given to transfer graft rejectlon
was probably not complete. If sufficient numbers of
contaminating cytotoxic cells remained the conclusions may not be
vallid.

The second fact, Is that If the cyototoxlic T cells were

recognlizing class |l MHC antigens In the graft, they most
probably were not of the Lyt-2 phenotype. It Is now well known,
as discussed above, that class |l-speciflc killers are usually of

the CD4+ type.

A number of Iinvestigators are now reporting experiments In which
T cells obtalined from rejectlion grafts are being cultured and
cloned. Such clones can subsequently be characterized In regard
to surface phenotype, functlional activities and specificlity of
thelr receptors. Preliminary data suggest that some of these
clones are cytotoxlic and that they recognlize HLA antigens present
In the donor of the graft. Other clones have been Isolated that
react with antigens of the donor that are different from the
ma jor HLA speclificlitles. Stlll other T cells are found that
react agalnst totally unreiated antigens.

More Kknowledge about the type of T cells Involved and the
antigens they recognize will undoubtedly be useful In the
evaluation and treatment of graft rejection In the future.
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10. DEFECTIVE T CELL IMMUNITY

No attempt will be made here to review the large topic T cell
deficlencles. Instead, three subjects In which there are recent
developments of considerable Interest wlill be briefly dlscussed.

The nature of the Immunologlc defliclency Iin AIDS has been the
object of Intensive study. The disease |Is characterlized by a
profound Immunodeficlency wlith appearance of opportunistic
infections and unusual mallgnancles. In vitro the
Immunodeficlency |Is reflected In diminution of mltogen responses,
of proliferative responses to soluble antigens and to allogeneic
lymphocytes. Interieukin-2 production, NK activity and pokeweed
mitogen-induced B cell secretlon of antibody are all Impalred.

The major subset of T lymphocytes, defined phenotyplically as CD4+
and functlionally as the helper/inducer subset, Is preferentially
depleted. The Initlal diminution of CD4+ cells In the face of
normal CD8+ cells results In the characteristic Inversion of the
CD4/CD8 ratio.

It has recently been found that HTLV-II11/LAV selectively infects
CD4+ cells, resulting In modulation of the CD4 antigen, virus
production, cytopathic changes and cell death. CD4 proteln
itself, or something very close to It must be the receptor for
attachment of the virus. Viral Infection was blocked by
antibodies agalinst the CD4 antigen. In view of the functlional

Importance of CD4+ cells thils unique troplism can explaln
virtually all of the Immunologic abnormallities of AIDS.

Another Immune deficlency syndrome which has recently been

characterized Is the "bare Ilymphocyte" syndrome. It is so called
because of absence of HLA class | and In some cases alsoclass ||
antigens on blood mononuclear cells. Because of the Importance

of the MHC In the recognlition of foreign antigens by T cells It
has been speculated that the Iimmunologic abnormalities might
relate to the defect In MHC antigen expression. Studies with DNA
probes have shown that HLA genes are present in genomic DNA but
no mRNA is found. The absence of expression is thought to depend
on a defective regulatory mechanism. It has been shown that HLA
genotyping Is possible using DNA probes.

In kKindreds with this disease It Is often desirable to determine
as early as posslible whether a newborn sib Is also affected. It
was reported recently that thils can be accompllished by
Immunohistochemical stalning of the placenta. In fact normal
placentas demonstrated class | and class ||l HLA antigens 1In
endothellial cells and cells of the mesenchymal stroma of the
villi. In the placenta of a child born with the "bare
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lymphocyte" syndrome, HLA antigens were not detected.

The third immunodeficlency syndrome to be discussed Is a novel
disorder characterized by recurent bacterial Infections for which
a molecular basis has recently been found.

The LFA-1 molecule was flirst defined In the mouse by monoclonal
antibodies that Inhibited T Ilymphocyte-mediated klilling. Human
LFA-1 was found to have the same functional properties. Antl-
LFA-1 monoclonal antibodies Inhibit the first step In T cell
killilng, the adherence of the klllier to the target cell. NK and
ADCC killing are also Inhibited. These and other results suggest
that LFA-1 Is a cell adhesion molecule.

TABLE 6.

THE LFA-1, MAC-1 FAMILY

Mouse LFA-1 Mac-1 =
Human LFA-1 Mac-1(OKM1,Mo1) P150,95
Subunits oL;B oM;B oX;B
MW(X10‘3) 180; 95 170; 95 150; 95
Function adheslion comp lement ?

receptor

type 3
Cell lymphocytes, macrophages, monocytes,
Distribution granulocytes, monocytes, granulocytes

monocytes granulocytes

(Modifled from Springer, 1985).

Two other molecules are known to have ldentlcal beta subunits as
LFA-1 with different alpha subunits. They are Ma-1 (OKM1, Mo1)
and p150,95 (Table 6).

It appears that the primary deficliency In patient’'s cells Is of
the beta subunit. Normal alpha subunits are made but in the
absence of the beta chain It Is apparently not processed or
transported to the cell surface.

Arnaout and coworkers studied 10 patients with this disease.

They suffered from recurrent pyogenic Infections starting in the
first few weeks of I|lfe. They had recurrent skin Infections,
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slnusitis, recurent otltis medlia, glinglvitis, tracheobronchitls,
pneumonia, etc.

In some families the findings were conslistent with an autosomal
recesslive mode of Inheritance of the disorder. But this was not
true Iin other famillies.
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11. T CELLS IN AUTOIMMUNITY

It has recently been recognlzed that T cells may be involved In
the pathogenesis of at least some cases of aplastic anemia. In
vitro studies suggested, already several years ago, that T cells
from some patlents with aplastic anemla could suppress the growth
of erythrold and granulocyte colonles.

Recently Zoumbos and coworkers studied 12 patients with aplastic
anemlia and observed Increased numbers of CD8+ cells in 10. These
cells appeared to be actlivated because they expressed HLA-DR
antigens on thelr surface. The same cells also were found to
have IL-2 receptors (CD25, Tac) and when separated In a cell
sorter only CD25+ cells produced Iinterferon and Iinhibited the
growth of hematopoletic precursor cells In vitro. Inter feron has
been implicated previously as a medliator of hematopoietic growth
suppression.

A subset of patlents with aplastic anemia appears to Iimprove
after treatment with anti-lymphocyte globulin. Presently there
is no way of identifying which patients will repond to this
therapy and which will not. If the lymphocyte abnormalities
described above correlate with susceptliblility to
immunosuppressive treatment, It would ald in selecting patients
for alternative methods of therapy such as bone marrow
transplantation.

The pathogenesis of autolimmunity in diseases Involving endocrine
glands such as the thyrold Is not well understood. One
hypotheslis that has become qulite popular recently Is that the
endocr ine parenchymal cells normally do not express class ||l MHC
antigens but that these antigens may appear on thelir surface In
the course of Inflammatory reactlions. Such aberrant class || MHC
antigens would then present other tlssue-specific antigens to T
cells and Iinitlate an autolmmune reactlion. In support of this
view, Davies recently cultured human thyroid cells with
autologous T cells and observed appearance of class |l molecules
on the surface of the thyrold cells. It Is now well established
that class Il antlgens appear on many kinds of cells (including
endothelial cells, fibroblasts, etc.) when they are exposed to
gamma Interferon. It has also been observed that keratinocytes
become transiently la-positive In the course of inflammatory
reactions in the skin. !t seems unliikely that expression of la
antigens alone would be sufficlent to Initiate autoimmunity. 1t
appears to happen only In certain clrcumstances and In
genetically predisposed Iindividuals. It appears more |lkely that
T cells have an actlve role Iin the Initiation of autolimmune
disease. Therefore, many Investligators have studied the
phenotype of T cells In tissues involved In autoimmune reactlons.
Actlvated T cells have been observed In the blood In the early
stages of type | diabetes, In multiple scleroslis and In
experimental models of these dliseases, partliculariy experimental
allergic encephalomyellitls. At the same time certain T cell
subsets characterized by phenotypic markers of resting T
lymphocytes were found to be decreased in such patients.
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Bottazzo and coworkers described Immunohistologic studies of the
pancreas of a patient who died In ketoaclidotlic coma within 24
hours of the dliagnoslis of Type | dliabetes mellltus. The majority
of the inflltrating lymphocytes were of the CD8+

(cytotoxic/suppressor) phenotype. Some of the T cells were
actlivated as evidenced by expression of DR antigens and |L-2
receptors. Affected Islet cells showed Increased expression of

class | MHC antigens and were HLA-DR positive. The caplillary
endothel lum around and inside Islets was strongly HLA-DR
poslitive.

Clones of T cells have been developed from patlients. For example
Hohl feld and coworkers developed T cell lines speclflc for acetyl
choline receptor from three patients with myasthenla gravis.
However these studies were performed with antigens from the
electric organs of Torpedo Callfornica and the responses, though
HLA restricted, were clearly not Ilimited to the DR3 haplotypes
that are assocliated wlith risk for developing this disease.

T cell clones have also been produced from a variety of
exper imental animals with autoimmune diseases. T cell lines have
been Injected Into normal reciplent animais of the same inbred
strain and have reproduced disease. For example, T cell clones
against myelln basic protein were reported to have produced
encephalomyelitls and T cells from animals wlith adjuvant-induced
arthritis have been reported to have produced arthritis.

Perhaps one of the most Iinteresting recent findings in the area
of autoimmunity is the observation of a large deletion In the T-
cell receptor beta-chaln gene complex In New Zealand White mice.
Mice of this straln together with New Zealand Black produce FI
hybrids with a severe form of murine systemic lupus
erythematosus. The allelie of the beta chain T cell receptor In
these mice Is lacking an 8.8 kil lobase segment of DNA containing
the CB1’ DBZ' and the JBZ clusters. The role, if any, of this
deletlion In the contribution of this strain to the autoimmune
disease of the hybrid mice Is presently not known. However,
other strains of mice that are also prone to develop lupus have
apparently normal T cell receptor genes.
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12. CONCLUSION

The study of T lymphocytes has for a long time been considered to
be an obscure and difficult area of Iimmunology. The last two or
three years have witnessed a remarkable acceleration of activity
and progress In this fleld. In this review | have attempted to
touch on some of the highlights of this awakening which promises
to revolutionlze both basic Immunology and many areas directly
related to medical problems. The baslis for the renewal was
established with the development of methods of cloning T cells.
The activity merged with the application of monoclonal antibodies
and molecular approaches to the purification, elucidation of
structure, gene cloning, and sequencing of T cell products and
surface molecules. Some of the most exclting areas of present
activity are the probing of T cell ontogeny, the study of
functionally important surface molecules and the genetic analysis
of the T cell receptor. Rearrangements of the T cell receptor
are utllized as markers of clonallty in T cell neoplasms. A new
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Immunodeficiency disease caused by the absence of a surface
molecule, LFA-1, has been described. Efforts are continuing in
the search for explanatlions and solutions to the puzzles of
autoimmune dliseases. The genes for the T cell receptor may
provide new markers of Inherited susceptliblillity for diseases such
as dlabetes melllitus type | or rheumatoid arthritis. Since T
cells are known to be the major contributors to the pathogeneslis
of these conditlons, Improved understanding of T cell Immunlity
should also lead us toward a better understanding of how and why

autoimmune diseases develop and ultimately provide guidance for
therapeutlic Interventions.
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