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1. INTRODUCTION 

T lymphocytes play an Important role In most aspects of the 
Immune response. T lymphocytes are known to be the control I lng 
e 1 ement In ce I I -medIa ted ImmunIty, the form of Immune response 
character I zed by effector funct tons of cells rather than serum 
ant I bodIes. Add It I ona I I y, ant I body product I on to most ant I gens 
Is T cell-dependent. Which means that B cells make very little 
or no antibody In the absence of helper T eel Is. T eel I products 
appear to control the switch from lgM to lgG and probably also to 
other lg lsotypes such as lgA or lgE. 

The magnitude of most Immune responses Is delicately balanced 
largely through Interactions of positive (helper) and negative 
(suppressor) forces wIthIn the T ce I I compartment. 

Moreover, T eel I products exert effects over many other eel Is. T 
cell products modify the activities of cells of the 
monocyte/macrophage series. One T eel I product that has recently 
been Intensely Investigated, gamma Interferon, modulates the 
expression of surface antigens on most eel Is of the body. 

WhIle It has been known for many years that the react Ions of T 
cells to antigen are highly specific, until recently the 
molecular basis of the antigen specificity ofT cells was not 
known. It had been observed that the determinants recognized by 
T cells on a given antigen were often different from the 
epltopes reacting with serum antibodies. More Importantly, It 
became clear that T cells virtually never recognized foreign 
antigen alone, but rather were triggered to action by their 
recognition of foreign antigen together with an antigen of the 
major hlstocompatlbl I ity complex expressed on accessory eel Is. 

Because It was known that B cells were stimulated when soluble 
antigen combined with specific antibody molecules on their 
surface, It was speculated that ~lmllar ty, T cells might be 
triggered by a surface Immunoglobulin molecule. Efforts to 
demonstrate the presence.of lmmunoglobul In structures on T eel Is 
were largely unsuccessful, however. Furthermore, more recent 
studIes have c I ear I y shown that I mmunog I obu I In genes are not 
rearranged or activated In most T eel Is. 

With the discovery of methods for the production and maintenance 
of T ce I Is In contInuous cuI ture and the deve I opment of T ce 1 I 
clones, It became possible, within the last two years, to produce 
ant I bodIes that recognIzed and permIt ted I so I at I on and study of 
the antigen-specific T cell receptors. The year 1984 will be 
remembered In the history of Immunology for the discovery of the 
T cell receptor and It's characterization as a surface 
glycoprotein, as well as the Identification of the corresponding 
genes for T ce I I receptor a I pha, beta and gamma poI ypept I de 
chains. 

These and other deve I opments have I ed to a remarkab I e 
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acceleration In the rate at which we have gained knowledge about 
T eel Is and their functional molecules. This rapid progress has 
been made possible through the development of methodology for T 
eel 1 cloning, the ever wider use of monoclonal antibodies which 
have facilitated 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 1 nstances, I ed to the ava I I ab I I I ty of hIgh I y pure products 
for functional studies In vitro and In vivo. 

1 nevI tab I y, thIs exp I os I on of_.~ new know I edge w I I I have an Impact 
on a variety of medical problems. Already, rearrangements of the 
T eel I receptor genes detected by Southern blotting are used for 
Identification of T cell neoplasms. The same techniques are 
being used to Investigate the early stages of development ofT 
ce I Is In the thymus and the orIgIns of se I f-non-se If 
discrimination. The Implications of these studies for 
understanding the origins of autoimmune reactions are obvious. A 
new syndrome o f Immune deficiency characterized by the absence of 
a functional surface molecule (LFA-1, or CDw18), has been 
described. Recently discovered polymorphlsms of the T eel I 
receptor genes, detected by restriction enzyme digestion of 
genomic DNA, are being uti I lzed to Investigate the Inheritance of 
T eel I receptor alpha and beta haplotypes and their possible 
relationships with susceptlbl I lty for diseases such as diabetes 
mel I ltus Type I and rheumatoid arthritis. New studies ofT eel Is 
and their functional molecules are also expected to shed I lght on 
our understandIng of the reject I on of organ a I 1 ografts and the 
production of tissue Injury In a variety of autoimmune diseases 
In which T eel I Immunity appears to play a predominant role. 

2. HELPER, SUPPRESSOR AND CYTOTOXIC T LYMPHOCYTES. 

It has been customary to classify T lymphocytes broadly Into 
three functIon a I groups: he I per, suppressor and cytotox 1 c. 
He I per I ymphocytes are programmed to amp I I fy the functIons of 
other ce I Is such as B I ymphocytes, other T I ymphocytes or 
macrophages. In order to perform their 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 I I MHC molecules. Stimulation also results from 
the admixture with cells that possess foreign class II MHC 
antigens, as In the mixed lymphocyte culture reaction. In 
addition, activation of helper T eel Is may be accompl lshed by a 
variety of substances such as lectlns (PHA, concanavalIn A), and 
antibodies that attach to and perturb, or crosslink, certain 
I ymphocyte sur face mo I ecu I es. The specIfIc T ce I I receptor for 
foreIgn ant I gen and se If MHC determInants w I I I be dIscussed In 
the following section. Other surface molecules that modulate the 
activation ofT cells will be the topic of section number 5, of 
this review. 
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TABLE 1 

ACTIVATION PATHWAYS FOR T LYMPHOCYTES 

Stimulating Agent 

Foreign antigen 
+ se I f-MHC 

Allogeneic MHC 

Self-MHC alone 

Antibodies against 
TI-CD3 complex 

Antibodies against 
C02 

Other antibodies 

Lectlns 

Target Surface 
Molecules 

Antigen-Specific 
T ce I I receptor 

T ce I I receptor 

Probably same 

Tl or CD3 

C02 (sheep RBC 
receptor) 

9.3 
CDS 

C02, CD3 

T CelIs Activated 

CD8+ eel Is, class I MHC 
CD4+ eel Is, class I I MHC 

same as above 

Fewer ce I Is 

Most T ce I Is 

Most T ce I Is 

CD4+, & cytotoxic CD8+ 
Augment prol lferatlon 
of most T cells 

Most T eel Is with PHA 

Cytotoxic T lymphocytes also cal led kl I ler eel Is or effector 
ce I Is, are ab I e to destroy certaIn target ce I Is such as other 
I ymphocytes, macrophages, f I brob I asts, neop I ast I c ce I Is, etc. In 
order to develop Into mature killer cells the percursor T cells 
must first be activated by a specific foreign antigen In 
association (most frequently) with an MHC class I molecule, and 
more rarely, with class II MHC molecules. They can also be 
stimulated by cells having allogeneic MHC antigens. The 
Importance of al logenelc kl I I lng In the destruction of allografts 
and In the development of tissue lesions In autoimmune diseases 
wl I I be discussed In subsequent sections. Cytotoxic T eel Is can 
also be activated by treatment with certain lectlns 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 reactive nonspecific kl I ler activity. 

Suppressor T lymphocytes are eel Is that can be shown to down
regulate the activities of other cells. Thus suppressor cells 
may act on certain effector eel Is such as B lymphocytes and 
Inhibit lg production or they may act on helper T eel Is and by 
suppressIng theIr actIvIty obtaIn an over a I I reduct I on of the 
Immune response. The precursors of suppressor T eel Is are also 
activated by specific antigen In association with class I 1 MHC 
antigens. Or they may be triggered by lectlns such as Con A. 
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Even when the Initial Induction of suppressor cells Is antigen 
specific the final effector cells often have been found to be 
non-specific. 

Engleman and coworkers have studied the development of human 
suppressor eel Is In al loreactlve and soluble-antigen-specific 
systems. In their typical experiments CD4+ T eel Is are activated 
by antigen (Figure 1) and act on fresh autologous CDS+ cells to 
1 nduce specIfIc suppressor T ce I Is whIch subsequent I y InhIbIt 

( 1 ) 

CD4+ cells 

Antigen 
I 
-!t 

------------------------> 

( 2) 

Fresh Autologous 
CDS+ cell 

I 
~--------------------.., 

Fresh CD4+ eel Is -----------------------> 
(3) 

3HTdr uptake 
Inhibited 

" I 
I 

Antigen 

Figure 1. Generation of Human Suppressor CelIs In vitro. 
Modified from Daniel, Mohagheghpour and Engleman. J. 
lmmunol 132:644, 19S4. 

the proliferation of fresh CD4+ cells to the antigen. In this 
case the suppressor ce I Is generated were found to be ant I gen 
specific. 

At this point, It Is necessary to address the relationship 
between the above functional classification of T lymphocytes and 
certain eel I surface markers detectable with monoclonal 
antibodies. The background to this was the discovery of the Lyt 
lymphocyte markers In mice by Boyse and coworkers and their 
appl lcatlon to the classification of T eel Is by Cantor and Boyse, 
about 10 years ago. 

In man, It was genera I I y accepted that ce I Is reactIng wIth OKT4 
(Leu 3) were helper T cells and OKT8+ (Leu 2+) lymphocytes were 
suppressor/cytotoxic. In 1982, Ted Ball who was working In my 
laboratory as a fellow, was examining the phenotypic markers of 
human cytotoxic T eel Is that kl I led monocytes or B lymphocytes on 
which they recognized specific class II MHC antigens. He came 
across the astonishing finding that these kl 11er eel Is were not 
eliminated, as expected, by treatment with OKTS monoclonal 
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antibody and complement. Instead, the majority of these class 
11-speclflc killers were T4+ cells. Almost at the same time, 
susan swa 1 n work 1 ng w 1 th mouse k I I I er ce I Is was makIng sImI I ar 
observat 1 ons. Subsequent I y other InvestIgators have tested 
clones of human cytotoxic T eel Is specific for class I I MHC 
antigens and found them to have the T4 phenotype. The hypothesis 
has been put forth that the CD4/CD8 markers are associated with 
the type of MHC antigen recognized by the T cells (class I or 
class II) rather than with their functional classification. As 
w 1 1 I be seen I ater, thIs vIew I s strengthened by other 
observatIons about the funct I ona I ro I e of the CD4 and CDS 
molecules. 
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T eel I I lnes and clones. 

One of the techn I ca I advances that has g Iven Impetu s to T ce I I 
research was the discovery that norma l T ee l I populations ca n be 
propaga ted In culture for long per iod s of time by simply 
restimul ating them per i od ically with ant igen and by providing 
adequate amounts of the T ee l I growth-promot ing factor, 
lnterl e ukln -2 (IL-2). 

For cloning, In our laboratory such replicating T cells are 
dl luted and cultured with Irradiated fl I l er ee l Is In s uch a way 
that colonies develop -which are derived from a single eel I which 
was placed In a smal I wei 1. Other workers develop co lonies In 
semi-sol ld agar and pick them out mechan ica lly . The principle Is 
the same: a single cell gives rise to millions of ce ll s which 
can · be tested In funct I ona I assays such as pro I I fer at I on or 
target eel I kl I I lng. 

T ce 1 1 c I ones were found to be ant I gen specIfIc . For examp I e 
they prol lferated In response to mumps virus ant~gen and not to 
keyhol e hemocyanin or they recognized speclflcal ly the synthet ic 
polypeptide GAT and not (T,G) - A--L. In addition, human T cell 
c 1 ones were dependent on the presence of accessory ce I I s whIch 
p rocessed and presented the foreign antigens, secreted so luble 
factors and provided also, on their surface, the c l ass II MHC 
antigens needed to trigger the T eel I response. 

An InterestIng feature of these experIments was that monee I ona I 
antibodies could be used to discriminate between the differe nt 
class II MHC molecules. Using the techn iqu e of monoclonal 
antibody Inhibition, It was observed that T cel l s specif ic for 
mump s virus were most often Inhibited when the accesso ry eel Is 
were treated with monoclonal antibodies against HLA -DR. In 
contrast, T eel Is that recognized the polypept ide ant igens GAT or 
(T,G) -A--L were more often Inhibited by ant i -DQ. 

The Interaction of antigen with Immunologically competent eel Is 
may , under certain circumstances lead to a state of ant igen 
specific unresponsiveness which Is usually ca l led Immunological 
tolerance. This Is thought to be a major mechanism of 
discrimination 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 ant igen 
used was a synthetic peptide that corresponds to a smal I seg ment 
of the hemagglutinin of Influenza virus. Exposure of CD4+ T eel I 
clones to high concentration of the peptide reduced s ubsequent 
pro I I fer at I on In response to the ant I gen by more than 90%. 
Tolerance In duction was ant igen-spec ifi c, long - last ing (at least 
one week), did not require suppressor ee l Is and was Inhibited by 
ant I bodIes agaInst HLA-DQ. Thus to I erance Induct I on appears to 
be MHC restricted. 

Inter esting ly , tolerlzed cloned T cells lost the property of 
binding to antigen-pulsed monolayer eel Is suggest ing a functional 
loss or Inactivation of the specif ic ant ig e n r eceptor . 
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TABLE 2. 

CHANGES IN T CELL SURFACE MOLECULES DURING 

iM VITRO TOLERANCE INDUCTION WITH INFLUENZA HA PEPTIDE 1 

Molecule Change Observed 

CD3 Marked decrease 

CD4 No change 

Tl Marked decrease 

HLA-DR No change 

CD2 2 Increased 

C02 53 Marked Increase 

1 Modified from Feldmann, Zanders, Lamb, 1985. 
2 C02 = SRBC rosette receptor 
3 CD25 = Tac or IL-2 receptor 

T eel I clones have recently been used to Investigate various 
animal models of autoimmune diseases. The same technology Is 
just beginning to be appl led to the study of human patients. In 
one report, T cell lin es were Isolated from a patient with 
Chages' disease. The cell line was found to be specific for 
Trypanosoma Cruzl and was of the CD4+ phenotype. It prol lferated 
In the presence of autologous but not of HLA-DR unrelated 
accessory ce I Is. 

Other Investigators have recently reported developing T eel I 
I I nes from patIents wIth myasthem I a gravIs. As w I I I be further 
dIscussed In Sect I on 11, they found them to pro I I fer ate In 
response to a preparation of acetyl choline receptor antigens 
when presented by HLA-DR-compatlble antigen-presenting eel Is. 
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MB- and 
protein 

T ce I I 

Zanders ED, Fe ldmann M, Lamb JR: Biochemical events Initiated by 
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3. T CELL PRODUCTS: LYMPHOKINES. 

T ce I Is make a varI et y of products that work on other ce I Is and 
act as mediators of a spectrum of T cell effects. These 
substances are quIte dIverse and theIr actIons Inc 1 ude 
st I mu I at I on of pro I I fer at I on, enhancement of ce I I u I ar 
differentiation, attraction and retention of cells at sites of 
Inflammation, or growth Inhibition and kl I I lng (Table 3). 

The study of these factors has for a long time been considered 
one of the most difficult areas In Immunology. Lymphoklnes were 
usually found In crude supernatants containing mixtures of m~ny 

substances. They were produced In smal I amounts and methods for 
assay consisted of cumbersome observations of biologic effects. 

However, this area also Is yielding to technological advances. 
The genes are beIng c I oned and sequenced. The structure of the 
hormones or factors are being elucidated. Pure materials are 
being produced by recombinant DNA technology. 

A partial list ofT ce ll factors to be considered Is shown In 
Table 3. Among these, are several whose genes have been cloned: 
I ymphotox In, Inter I euk I n-2, . Inter I euk I n-3, Interferon- gamma. Two 
macrophage- derived factors have also recently been cloned. They 
are lnterleukln-1 and tumor necrosis factor. 
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TABLE 3 

SOME SOLUBLE FACTORS PRODUCED BY T CELLS 

Effect on Other 
Cells 

Pro I I fer at I on 

Differentiation 

Co I I ect I on 

Inhibition/ 
cytotoxicity 

Name of Factor 

lnterleukln-2 
lnterleukln-3 

BCGF 
GM-CSF 

Interferon 
BCDF 
Osteoclast 
activating factor 

Chemotactic 
factors 
MIF 
LIF 

Lymphotoxln 
Growth Inhibitory 
factors 

Target Ce I Is 

T lymphocytes 
Macrophages, mast eel Is, 
T eel Is 

B lymphocytes 
Granu locyte/monocyte 
precursors 

All cells 
B lymphocytes 
Osteoclasts 

Macrophages, leukocytes , 
T eel Is 
Macrophages 
Leukocytes 

Many ce I Is 
Various types 

lnt er leukln -2 (IL-2), also called T cell growth factor acts 
maIn I y on other T ce I Is and Induces them to pro I I ferate. I L-2 
also appears to be the main signal for the expression of IL-2 
receptors. Thus I L-2 promotes growth of T ce I Is by bInd 1 ng to 
specIfIc membrane receptors the appearance of whIch Is enhanced 
by the presence of IL-2. Resting T eel Is express few or no IL-2 
receptors. When T eel Is 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 Induct I on of the 
appearance of IL-2 receptors and the production and synthesis of 
IL-2 constitute a mechanism by which T eel Is accomplIsh their own 
repl lcatlon and growth. 

Factors affecting B eel I growth and differentiation, produced by 
T eel Is, are required for ant ibody production. Three steps have 
been Identified In the B eel I activation process. In the first, 
restIng B ce I Is are acted upon by ant I gen or other substances 
that can cross I Ink the membrane-bound I g receptor. Thus 
activated B lymphocytes become responsive to the action of T eel I 
factors. 
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8 ce 1 1 growth factor (8CGF) was found to bed I st I net from I L-2. 
It acts on 8 eel Is triggered by antigen or antl-lg, LPS or Staph 
au reus straIn Cowan I, but not on restIng 8 ce I Is. The factor 
binds to such activated 8 cells but not to resting 8 cells or to 
T ce 1 1 s. Under the I nf I uence of 8CGF 8 ce I Is pro I I ferate but do 
not mature Into lg-secretlng eel Is. 

Separate factors that Induce 8 cells to differentiate and to 
secrete 1 g but do not st I mu I ate pro I I ferat I on of 8 ce I Is have 
been described by several Investigators. The molecules that 
Induce 8 cell differentiation were found to be distinct from 
several other lymphoklnes Including IL-1, IL-2, G/M-CSF, IFN, IL-
3 and 8CGF. 

T cell-derived 8 cell differentiation factors are also Involved 
In the regulation of lsotype expression. lshlzaka and coworkers 
found that they could differentiate between T helper populations 
that had preferent I a I effects on eIther the I gG or the I gE 
ant I body response. Other InvestIgators observed T ce I 1-der I ved 
factors that preferent I a I I y provIded he I p to 8 ce I Is secretIng 
I gA ant I bodIes. 

Vltteta and coworkers have described separate factors that 
stimulate the production of lgM (8CDFJ1) or lgG (8CDFy). The 
I atter factor, whIch appeared to bInd on a non- I g receptor on 8 
cells, preferentially stimulated the production of lgG1 
antibodies. 

It appears that T cell factors that regulate lsotype expression 
can be of two kinds: a. factors that bind to lg of a certain 
type and are Involved In the selective expansion or 
differentiation of committed 8 cells; b. factors that do not 
bind to lg which might be responsible for lsotype switch 
Induction. In addition IL-2 and IFN-Y also appear to stimulate 
prol lferatlon and differentiation of 8 eel Is. 

Recent experiments by Ml Ianese and coworkers have shown that 8CGF 
is produced by both T4 and T8 subpopulatlons of human T 
lymphocytes. 8 eel I differentiation activity was largely but not 
exclusively restricted to the CD4+ population. Triggering of T 
cells through either TI-T3, or the C02 pathway led to both 8CGF 
and 8CDF production. 

The human genomIc DNA sequence of the I FN-y gene Is I oca ted on 
the long arm of chromosome 12. It contains three lntrons and a 
repetitive DNA element. The molecule Is composed of 146 amino 
acids, with a molecular weight of 17000 daltons. The 20 and 
25,000 molecular weight products are produced by glycosylatlon. 

Interferon exerts Its action by binding to a membrane receptor. 
Except for Its role In growth Inhibition, where It appears to act 
In combination with lymphotoxln, most of the functions of IFN
appear to be stimulatory. 
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v 
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I 
v 

-----> lg-Secretlng 
PI asma ce I Is 

Dlffentlatlon 

Figure 2. Activation and differentiation of B lymphocytes 
(Modified from Klshlmoto, 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 Fe 
receptors for lgG on neutrophlls and monocytes, Induction of 
dlfferentatlon and activation of myelo-monocytlc cells and 
enhancement of B eel I differentiation. 

Lymphotoxln has also been cloned recently. The protein consists 
of 181 amino acids . Pure material was biologically active but 
was enhanced by the simultaneous presence of IFN- y. 
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4. THE T CELL RECEPTOR. 

Monoclonal antibodies have been produced against the antigen 
receptors of cloned T cells. These antibodies reacted with a 
90KD disulfide- ! Inked heterodlmer glycoprotein, anchored In the T 
ce I I membrane. In rapId success I on reports have appeared 
describing the cloning and sequence analysis of the genes 
encoding the alpha and beta c hains that comprise the antigen 
receptor. In addItIon, a thIrd T ce I I receptor gene ca I I ed gamma 
has recently been described. Its product Is presently unknown. 
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Figure 3. Schematic representation of the structure of the beta 
chain of the T eel I receptor. 

Genes for the beta chains were Initially characterized most 
extensively. Analysis of the T eel I receptor beta-chain gene 
complex showed striking simi larltles to the lmmunoglobul In genes 
In sequence and In organization Into clusters containing variable 
(V), diversity (D), Joining (J) and constant (C) region gene 
segments. In man the gene for the beta chain of the T eel 1 
receptor Is I ocated on chromosome number 7. The gene 
corresponding to the alpha chain Is on chromosome 14. Both of 
these genes for T eel I receptor chains are structurally simi Jar 
to the genes encoding lmmunoglobul Ins and can be shown to undergo 
rearrangements In functional T eel I clones and T eel I neoplasms. 

Figure 4. The T cell receptor-T3 complex. Tl alpha and Tl beta 
subunits are held together by s-s bonds and are 
associated with the 25 kl lodalton chain of the T3 
molecule. The alpha and beta subunits are anchored In 
the ce I I membrane wIth theIr transmembrane segments. 
The T3 complex consists of two additional subunlts .wlth 
molecular weights of 20 kl lodaltons each. 

The receptor for antigen on T eel I clones of either cytolytic or 
helper type Is associated with the T3 (CD3) trlmolecular complex, 
as will be descrIbed below, the clonotyplc structures can be 
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modulated by anti-CD3 antibodies. 

Both the alpha and beta chain T eel I receptor genes have recently 
been found to be polymorphic. Robinson and Kindt reported 
restriction enzyme fragment polymorphlsms In the constant region 
of the gene for the beta chain. Hoover and coworkers found a 
polymorhlsm associated with the alpha chain genes. These markers 
were found to segregate In members of InformatIve fam I I I es, as 
expected, Independent I y of the HLA genes. The poss I b I I I ty that 
Inheritance of such genetic markers of the T cell receptor 
haplotypes may be I Inked to the V region alleles that determine 
the repertoire of T eel I responses can now be Investigated. The 

role ofT eel I receptor polymorphic sites In predisposition to 
autoImmunIty and espec I a I I y, as add It I ona I genetIc rIsk factors 
In diseases known to be associated with class I I HLA antigens Is 
now being studied. 

REFERENCES 

Acuto 0, Fabbl M, Bensussan A, Milanese C, Campen TJ, Royer HD, 
Relnherz EL: The human T-cell receptor. J Clln lmmunol 5:141-
157, 1985. 

Acuto o, 
function. 

Relnherz EL: The human T- cel I receptor. 
N Eng I J Med 312:1100-1111, 1985. 

Structure and 

Acuto 0, Campen TJ, Royer HD, Hussey RE, Poole CB, Relnherz EL: 
Molecular analysis ofT eel I receptor (TI) variable region (V) 
gene expression. Evidence that a single Tl beta V gene faml ly 
can be used In formation of V domains on phenotypically and 
functionally diverse T cell populations. J Exp Med 161:1326-
1343, 1985. 

Allison JP, Lanier LL: Identification of antigen receptor
associated structures on murine T cells. Nature 314:107-109, 
1985. 

Barker PE, Royer HD, Ruddle FH, Relnherz EL: Regional location 
of T ce I I receptor gene T I a I pha on human chromosome 14. J Exp 
Med 162:387-392, 1985. 

Behlke MA, Spinel Ia DG, Chou HS, Sha W, Hartl DL, Loh DY: T-cel I 
receptor beta-chain expression: dependence on relatively few 
var I ab I e reg I on genes. ScIence 229:566-570, 1985. 

Bigler RD, Posnett DN, Chlorazzl N: Stimulation of a subset of 
normal resting T lymphocytes by a monoclonal antibody to a 
crossreactlve determinant of the human T eel I antigen receptor. 
J Exp Med 161:1450-1463, 1985. 

Caccia N, Bruns GA, Kirsch IR, Hollis GF, Bertness v, Mak TW: T 
eel I receptor alpha chain genes are located on chromosome 14 at 

17 



14q11-14q12 In humans. J Exp Med 161:1255-1260, 1985. 

Col 1 Ins MK, Goodfellow PN, Spurr NK, Solomon E, Tanlgawa G, 
Tonegawa S, Owen MJ: The human T-cel I receptor alpha-chain gene 
maps to chromosome 14. Nature 314:273-274, 1985. 

DeLuca D, Decker JM, Marchalonls JJ: Surface expression and 
partial characterization of an arsonate hapten-specific ldlotype
bear I ng T -ce I I receptor. Ce I I I mmuno I 90:514-530, 1985. 

Demblc z, Bannwarth W, Taylor BA, Steinmetz M: The gene encoding 
the T-ee I 1 receptor a 1 pha-cha In maps c I ose to the Np-2 I ocus on 
mouse chromosome 14. Nature 314:271-273, 1985. 

Epstein R, Roehm N, Marrack P, Kappler J, Davis M, Hedrick S, 
Cohn M: Genetic markers of the antigen-specific T eel I receptor 
locus. J Exp Med 161:1219-1224, 1985. 

Goverman J, Minard K, Shastri N, Hunkaplller T, Hansburg D, 
Sercarz E, Hood L: Rearranged beta T eel I receptor genes In a 
helper T eel I clone specific for lysozyme: no correlation between 
v beta and MHC restrIct I on. Ce I I 40:859-867, 1985. 

Hayday AC, Saito H, Gillies SO, Kranz OM, Tanlgawa G, Elsen HN, 
Tonegawa S: Structure, organization, and somatic rearrangement 
of T eel I gamma genes. Cel I 40:259-269, 1985. 

Hedrick SM, Germain RN, Bevan MJ, Dorf M, Engel I, Fink P, 
GascoIgne N, Heber-Katz E, Kapp J, Kaufmann Y, et a I.: 
Rearrangement and transcrIpt I on of a T-ee I I receptor beta-chaIn 
gene In different T-cel I subsets. Proc Nat I Acad Sci USA 82:531-
535, 1985. 

Hoover ML, Marks J, Chipman J, . Palmer E, 
Restriction fragment length polymorphism of 
a I pha chaIn of the human T ce I I receptor. 
1092, 1985. 

Stastny P, Capra JD: 
the gene encoding the 

J Exp Med 162: 1087-

lsobe M, Erikson J, Emanuel BS, N·owell PC, Croce CM: Location of 
gene for beta subunIt of human T-ee I I receptor at band 7q35, a 
region prone to rearrangements In T eel Is. Science 228:580-582, 
1985. 

Jones C, Morse HG, Kao FT, Carbone A, Palmer E: Human T-cel I 
receptor a I pha-cha 1 n genes: I oca t 1 on on chromosome 14. ScIence 
228:83-85, 1985. 

Jones N, Lelden J, Dlalynas D, Fraser J, Clabby M, Klshlmoto T, 
Stromlnger JL, Andrews D, Lane W, Woody J: Partial primary 
structure of the alpha and beta chains of human tumor T-cel I 
receptors. Science 227:311-314, 1985. 

Kranz OM, Saito H, Dlsteche CM, Swisshelm K, Pravtcheva D, Ruddle 
FH, Elsen HN, Tonegawa S: Chromosomal locations of the murine T
ee I I receptor a I pha-cha In gene and the T-ee I I gamma gene. 

18 



Science 227:941-945, 1985. 

Kronenberg M, Goverman J, Haars R, Mal lssen M, Kralg E, Phi I I Ips 
L, Delovltch T, Suclu-Foca N, Hood L: Rearrangement and 
transcription of the beta-chain genes of the T-cel I antigen 
receptor In different types of murine lymphocytes. Nature 
313:647-653, 1985. 

LeBeau MM, Dlaz MO, Rowley JD, Mak TW: Chromosomal local lzatlon 
of the human T cell receptor beta-chain genes [letter]. Cell 
41:335-33, 1985. 

Lefranc MP, Rabbltts TH: Two tandemly organized human genes 
encoding the T-cel I gamma constant-region sequences show multiple 
rearrangement In different T-cell types. Nature 316:464-466, 
1985. 

Mackei-Vandersteenhoven A, Vasta GR, Waxdal MJ, Marchalonls JJ: 
Segmental homology between T-cell receptors and Immunoglobulin 
variable regions: evidence that antisera to synthetic JH1 
peptIde react wIth murIne and human T-ee I I products. Proc Soc 
Ex~ Bioi Med 178:476-485, 1985. 

Morton CC, Duby AD, Eddy RL, Shows TB, Seidman JG: Genes for 
beta chaIn of human T-ee I I ant I gen receptor map to reg 1 ons of 
chromosomal rearrangement In T eel Is. Science 228:582-585, 1985. 

Rabbltts TH, Sims J, Smith w, Tunnacllffe A: Human T-cell 
receptor beta-chain genes. Ann lnst Pasteur lmmunol 136:131-141, 
1985. 

Rlnaldy A, Wallace RB, Simon MM, Becker A, Epplen JT: A highly 
homologous T-cel receptor beta-chain variable region Is 
expressed In mouse and human T eel Is. Immunogenetics 21:403-406, 
1985. 

Ritz J, Campen TJ, Schmidt RE, Royer HD, Hercend T, Hussey RE, 
Relnherz EL: Analysis of T-cel I receptor gene rearrangement and 
expression In human natural killer clones. Science 228:1540-
1543, 1985. 

Robinson MA, Kindt TJ: 
receptor genes In human 
82:3804-3808, 1985. 

SegregatIon of 
fam I I I es. Proc 

polymorphic T-cell 
Nat I Acad ScI USA 

Roehm NW, Carbone A, Kushnir E, Taylor BA, Rlblet RJ, Marrack P, 
Kappler JW: The major histocompatibility complex-restricted 
ant I gen receptor on T ce I Is: the genetIcs of express I on of an 
allotype. J lmmunol 135:2176-2182, 1985. 

Royer HD, Campen TJ, Ramarll D, Chang HC, Acute 0, Relnherz EL: 
Molecular aspects of human T lymphocyte antigen recognition. 
Transp I ant at I on 39:571-582, 1985. 

Rupp F, Acha-Orbea H, Hangartner H, Z I nkernage I R, Joho R: 

19 



Identical V beta T-cell receptor genes used In alloreactlve 
cytotoxic and antigen plus 1-A specific helper T cells. Nature 
315:425-427, 1985. 

Slm GK, Augustin AA: V beta gene polymorphism and a major 
polyclonal T eel I receptor ldlotype. Cel I 42:89-92, 1985. 

Spits H, Borst J, Tax W, Capel PJ, Terhorst C, de Vries JE: 
Characteristics of a monoclonal antibody (WT-31) that recognizes 
a common ep 1 tope on the human T ce I I receptor for ant I gen. J 
lmmunol 135:1922- 1928, 1985. 

Staerz UD, Rammensee HG, Benedetto JD, Bevan MJ: 
Characterization of a murine monoclonal antibody specific for an 
allotypic determinant on T cell antigen receptor. J lmmunol 
134:3994-4000' 1985. 

Tse HY, Kanamorl S, Walsh WD, Hansen TH: The murine bm12 gene 
conversion provides evidence that T eel Is recognize predominantly 
Ia conformation. Proc Nat Acad Sci USA 82:7058-7062, 1985. 

Yague J, White J, Coleclough C, Kappler J, Palmer E, Marrack P: 
The T ce 1 1 receptor: t he a I pha and beta chaIns defIne I d I otype, 
and antigen and MHC specific ity. Cell 42:81-87, 1985. 

Yanagl Y, Chan A, Chin B, Minden M, Mak TW: Analysis of eDNA 
c I ones specIfIc for human T ce I Is and the a I pha and beta chaIns 
of the T-ee I I receptor heterod I mer from a human T-ee I I I I ne. 
Proc Natl Acad Sci USA 82:3430-3434, 1985. 

Yanagl Y, Caccia N, Kronenberg M, Chin B, 
Klyohara T, Lauzon R, Toyonaga B, Rosenthal 
rearrangement In cel ls with natural kll 
expression of the beta-chain of the T-cel I 
Nature 314:631-633, 1985. 

Roder J, Rohe I D, 
K, et. al.: Gene 

ler activity and 
antigen receptor. 

Zanders ED, Feldmann M, Green N, Lamb JR: Direct evaluation of 
antigen binding to human T lymphocyte clones: Involvement of 
major histocompatibility complex products In antigen binding. 
Eur J lmmunol 14:1101-1105, 1984. 

5. OTHER SURFACE MOLECULES THAT AFFECT T CELL FUNCTION. 

The earliest step In T cell activation Is the engagement of the T 
ce I I receptor by foreIgn ant I gen presented on the surface of an 
antigen-presenting eel I In conJunction with the appropriate major 
histocompatibility comp lex molecules. Subsequent signal 
transduction may require the participation of additional T cell 
membrane products. In man, these Inc I ude the CD3 comp I ex, whIch 
associates noncovalently with the T eel I receptor, and C02 (T11), 
the sheep erythrocyte receptor. Another group of T eel I surface 
molecules that play a role In the activation process are CDS (T8, 
Leu 2) and CD4 (T4, Leu 3 ). The latter molecules define non
overlapping subsets of T cells In normal peripheral blood. 
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However, recently unusual T eel Is, positive for both CD4 and CDS 
have been observed. 

TABLE 4. 

CLUSTERS OF DIFFERENTIATION (CD) SURFACE MOLECULES. 

Workshop 
Designation 

CD1 

C02 

CD3 

CD4 

CDS 

CD6 

CD7 

CDS 

CDw1S 

CD25 

Other 
Designation 

T6, Leu 7 

T11, LFA-2 
E-rosette 
receptor 

T3, Leu 4 

T4, Leu 3 

T1, Leu 

T12 

3A1 

TS, Leu 2 

LFA-1 

Tac, I L-2 
receptor 

Molecular 
Weight 
(X 10-3 ) 

45. 12 

50 

19-29 

55 

67 

120 

41 

32-33 

1S0,94 

55 

Ce I I Types 
Found 

Cortical thymocytes 

All T cells forming 
E rosettes 

Mature T cells 

Helper/Inducer T eel Is 

PanT, Some B eel Is 

Mature T, Some B eel Is 

Pan T 

Cytotoxic/suppressor 
T cells 

Leukocytes 

Activated T eel Is 

The capacity of antibodies against CD4 to block class 11-
restrlcted antigen-specific proi l ferat lon and the ability of 
anti-COS to Inhibit the effector phase of class !-restricted 
cytotox lc T lymphocytes have suggested that these membrane 
molecules are Involved In attachment to nonpolymorphlc epltopes 
of class I I or class I molecules respectively. 

In addition, a number of other lymphocyte function-associated 
(LFA) molecules have been described. LFA-1 Is a broadly 
dIstrIbuted I eukocyte ant I gen I nvo I ved In CTL and NK ce I I 
mediated lysis. LFA-2 I s Identical to C02 or T11, the sheep 
erythrocyte receptor. It Is found on I y on T ce 1 Is and not on B 
cells. Monoclonal antibodies against C02 Inhibit sheep 
erythrocyte rosette formation and vary In their effects on T eel 1 
function. Antibodies against certain C02 epltopes are Inhibitory 
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of CTL and of m i togen- I nduced prol lferat l ve responses. Other 
monoc lona l ant i -CD2 antibod ies have been found to Induce T eel I 
act i vat i on, expression of IL-2 receptors and T ce ll 
pro li feration. 

Designation 

·LFA-3 

9.3 

Leu 15 

60.3 

GH5,3AC5 

T305 

TABLE 5. 

OTHER SURFACE MOLECULES OF LEUKOCYTES OF 

INTEREST IN T CELL STUDIES. 

Molecular 
Weight 

60- 70 

44 

95- 150 

220 

140 

Ce I I Types 
Found 

Leukocytes 

CD4+, CTL-CD8+ 

Suppressor -
CDS+ 

Leukocytes 

CD4+,CD8+, 
B,NK 

Activated T, 
monocytes 

Effect of 
Antibodies 

Inhibition CTL, 
Th pro I I fer at I on 

Enhance T pro l l ferat lon 

Inhibit ion CTL, NK, 
Th pro I I fer at I on 

Enhance T pro l l ferat lo n 

Not known 

LFA-3 Is a broadly distributed leukocyte ant i gen Incl ud i ng T a nd 
B lymp hocytes, monocytes and granu locytes . Anti-LFA-3 mo noc lona l 
a n t I body I n h I b I ted c y to I y s I s by· CD 4 + or CD 8 + T c e I I s b u t not b y 
NK ce I Is. I t a I so InhIbIted PHA and MLR pro I I fer at I ve responses. 
Ant i - LFA-1 and LFA-2 antibodies b lock cytolys i s by b i nd i ng to t he 
effector cel l s. LFA-3 monoc lona l ant i body, In contrast, b locked 
cyto lysis by bind i ng to the target eel Is. 

A I I the d i fferent surface molecules were be i ng defined w i t h 
loca ll y produced monoclonal ant i bodies and were be i ng g i ve n a 
v ar i ety of names. Therefore, It became necessary to de v e l op a 
sta n dard nomenc l ature. I n August 1983, after the F i rst 
In ter nat i ona l Workshop on Human Leukocyte D i fferentiat i o n 
An t i gens a n ew nomenc l ature was deve l oped by a lUI S- WH O 
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Nomenc 1 ature SubcommIttee. The ant I gens were grouped Into 
clusters of differentiation (CD) and given numerical 
designations. Thus T3 became CD3, T4 was called CD4 and T8 was 
given the name cos. A letter, designating the typical eel I of a 
particular CD or the eel I type In which the molecular weight was 
determined, as well as the type of molecule (gp • glycoprotein, 
gl ""'glycolipid, cho =carbohydrate and u =unknown) and the 
molecular weight, are given In brackets. As In the HLA 
nomenclature, a "w" Is used to Indicate a CD designation Is 
consIdered prov Is I ona I. 

A number of surface molecules that have been given official names 
are shown 1 n Tab I e ·4. Some other sur face mo I ecu I es of Interest 
In T eel I studies are given In Table 5. 

REFERENCES 

Beatty PG, Ledbetter JA, Martin PJ, Price TH, Hansen JA: 
Definition of a common leukocyte eel !-surface antigen (Lp95-150) 
associated with diverse cell-mediated Immune functions. J 
lmmunol 131:2913-2918, 1983. 

Berman JS, Cruikshank WW, Center OM, Theodore AC, Beer OJ: 
Chemoattractant lymphoklnes specific for the helper/Inducer T
lymphocyte subset. Cell lmmunol 95:105-112, 1985. 

Blue ML, Daley JF, Levine H, Schlossman SF: Coexpresslon of T4 
and TS on peripheral blood T cells demonstrated by two-color 
fluorescence flow cytometry. J lmmunol 134:2281-2286, 1985. 

Bolhuls RL, van de Grlend J: Phytohemagglutinin-Induced 
prol lferatlon and cytolytic activity In T3+ but not In T3- cloned 
T lymphocytes requires the Involvement of the T3 antigen for 
signal transmission. Cel I lmmunol 93:46-57, 1985. 

Brenner MB, Trowbridge IS, Stromlnger JL: Cross-1 Inking of human 
T cell receptor proteins: association between the T cell 
ldlotype beta subunit and the T3 glycoprotein heavy subunit. 
Cell 40:183-190, 1985. 

Brottler P, Boumsell L, Gelln C, Bernard A: T cell activation 
via C02 [T, gp50] molecules: accessory cells are required to 
trigger T cell activation via CD2-D66 plus CD2-9.6/T11(1) 
epltopes. J lmmunol 135:1624-1631, 1985. 

Bruns G, Kavathas P, Shl loh Y, Sakal K, Schwaber J, Latt SA, 
Herzenberg LA: The human T eel I antigen Leu-2 (T8) Is encoded on 
chromosome 2. Hum Genet 70:311-314, 1985. 

Burns GF, Boyd AW, Werkmeister JA, Trlglla T, Andrews P: 
Antibodies to the T3 antigen complex on human T eel Is render 
thymocytes unresponsive to mitogen. Immunology 55:1-16, 1985. 

Chang HC, Sekl T, Morluchl T, Sliver J: 
characterization .of mouse Thy-1 genomic clones. 

23 

Isolation and 
Pro Nat Acad Sci 



USA 82:3819-3823, 1985 . 

Clark MJ, Gagnon J, Williams AF, Barclay AN: MRC OX-2 antigen: 
a lymphoid/neuronal membrane glycoprotein with a structure I Ike a 
s I n g I e I m m uno g I o b u I I n I I g h t c h a I n . EM BO J 4 : 1 1 3- 1 1 8 , 1 9 8 5 . 

Clayberger c, Uyehara T, Hardy B, Eaton J, Karasek M, Krensky AM: 
Target specIfIcIty and ce I I surface structures I nvo I ved In the 
human cytolytic T lymphocyte response to endothelial cells. J 
lmmunol 135:12-18, 1985. 

Clement LT, Tilden AB, Dunlap NE: Analysis of the monocyte Fe 
receptors and antibody-mediated cellular Interactions required 
for the Induction of T eel I prol lferatlon by anti-T3 antibodies. 
J lmmunol 135:165-171, 1985. 

Committee on human leukocyte differentiation antigens, lUIS WHO 
Nomenclature Subcommittee: Differentiation Human leukocute 
antigens: a proposed nomenclature. lmmunol Today 5:158 - 159, 
1984. 

Damle NK, Flshwl ld DM, Engleman EG: Antigen-specific suppressor 
T lymphocytes In man make use of the same set of surface 
molecules as do cytolytic T lymphocytes: roles of Leu-2/T8, Leu-
4/T3, Leu-5/T11, LFA-1 molecules. J lmmunol 135:1724-1730, 1985. 

Fox DA, Hussey RE, F I tzgera I d KA, Bensussan A, Da I ey JF, 
Sch I ossman SF, ReI nher z EL: ActIvatIon of human thymocytes v 1 a 
the 50KD T11 sheep erythrocyte bIndIng proteIn Induces the 
express I on of Inter I euk In 2 receptors on both T3+ and T3-
populatlons. J lmmunol 134:330-335, 1985. 

Godden U, Herbert J, Stewart RD, Roser B: A novel eel 1 type 
carryIng both Th and Tc/s markers In the b I ood of eye I ospor I ne-
treated, allografted rats. Transplantation 39:624-628, 1985. 

Golde WT, Kappler JW, Greenstein J, Mallssen B, Hood L, Marrack 
P: Major hI stocompa t I b I I I ty comp I ex-restrIcted ant I gen receptor 
on T cells. VIII. Role of the LFA-1 molecule. J Exp Med 
161:635-640, 1985. 

Greene WC, Robb RJ: Receptors for T-ee I I 
structure, function and expression on normal 
cells. Contemp Top Mol lmmunol 10:1-34, 1985. 

growth factor: 
and neoplastic 

Greene WC, Robb RJ, Svetlik PB, Rusk CM, Depper JM, Leonard WJ: 
Stab I e express I on of eDNA encodIng the human 1 nter 1 euk 1 n 2 
receptor In eukaryot I c ce I Is . J Exp Med 162:363-368, 1985. 

Greenstein JL, Mal lssen B, Burakoff SJ: Role of L3T4 In antigen
driven activation of a class 1-speclflc T eel 1 hybrldoma. J Exp 
Med 162:369-374, 1985. 

Gromkowskl SH, Heagy W, Martz E: Blocking of CTL-medlated 
killing by monoclonal antibodies to LFA-1 and Lyt-2, 3. 11. 

24 



Evidence that trypsin pretreatment of target eel Is removes a non-
H-2 molecule Important In kl I I lng. J lmmunol 134:70-77, 1985. 

Gromkowskl SH, Krensky AM, Martz E, Burakoff SJ: Functional 
distinctions between the LFA-1, LFA-2, and LFA-3 membrane 
proteins on human CTL are revealed with trypsin-pretreated target 
cells. J lmmunol 134:244-249, 1985. 

Hara T, Fu SM, Hansen JA: Human T cell activation. II. A new 
activation pathway used by a major T cell population via a 
disulfide-bonded dlmer of a 44 kllodalton polypeptide (9.3 
antigen). J Exp Med 161:1513-1524, 1985. 

Hara T, Fu SM: Human T cell activation. I. Monocyte
Independent activation and proliferation Induced by anti-T3 
monoclonal antibodies In the presence of tumor promoter 12-o-
tetradecanoyl phorbol-13 acetate. J Exp Med 161:641-656, 1985. 

HoI I ander N: Ant I bodIes to nonpo I ymorph I c determInants of the 
Thy-1 molecule Inhibit T eel I prol lferatlon. J lmmunol 134:2916-
2921, 1985. 

Holter W, MaJdlc 0, Liszka K, Stockinger H, Knapp W: Kinetics of 
activation antigen expression by In vitro-stimulated human T 
lymphocytes. Cell lmmunol 90:322-330, 1985. 

Hunlg T: The eel I surface molecule recognized by the erythrocyte 
receptor of T I ymphocytes. I dent If I cat I on and part I a I 
characterization using a monoclonal antibody. J Exp Med 162:890-
901, 1985. 

Jefferies WA, Green JR, 
(W3/25) ant I gen on rat 
162:117-127, 1985. 

Williams AF: Authentic T helper CD4 
per I tonea I macrophages. J Exp Med 

Kanellopoulos JM, De Petrls S, Leca G, Crumpton MJ: The 
mitogenic lectin from Phaseolus vulgaris does not recognize the 
T3 antigen of human T lymphocytes. Eur J lmmunol 15:479-486, 
1985. 

Kansas GS, Wood GS, Flshwlld DM, Engleman EG: Functional 
characterIzatIon of human T I ymphocyte subsets d I st 1 ngu I shed by 
monoclonal antl-leu-8. J lmmunol 134:2995-3002, 1985 . 

Ledbetter JA, Martin PJ, Spooner CE, Wofsy D, Tsu TT, Beatty PG, 
Gladstone P: Antibodies to Tp67 and Tp44 augment and sustain 
pro I i ferat lve responses of act lvated T cells. J lmmunol 
135:2331-2336, 1985. 

Ledbetter JA, Rose LM, Spooner CE, Beatty PG, Martin PJ, Clark 
EA: Antibodies to common leukocyte antigen p220 Influence human 
T cell proliferation by modifying IL 2 receptor expression. J 
lmmunol 135:1819-1825, 1985. 

Ledbetter JA, Tsu TT, Clark EA: Covalent association between 

25 



human thymus I eukem 1 a-1 Ike ant I gens and CD8(Tp32) mo I ecu I es. J 
lmmunol 134:4250-4254, 1985. 

Logdberg L, Wassmer P, Shevach EM: Role of the L3T4 antigen In 
T-ee 1 1 act 1 vat 1 on. 1. Oeser I pt I on of a monoc I ona I I gM ant I body 
to a distinct epltope (L3T4b) of the L3T4 antigen and Its effect 
on tnterleukln 1-lnduced thymocyte proliferation. Cell tmmunol 
94:299-311, 1985. 

MacDonald HR, Bronc, Rousseaux M, Horvath c, Cerottlnl JC: 
Production and characterization of monoclonal anti-Thy-1 
ant 1 bod 1 es that st I mu I ate I ymphok I ne product I on by cyto I yt I c T 
cell clones. Eur J lmmunol 15:495-501, 1985. 

Maddon PJ, Littman DR, Godfrey M, Maddon DE, Chess L, Axel R: 
The Isolation an~ nucleotide s e quence of a eDNA encoding the T 
eel 1 surface protein T4: a new member of the tmmunoglobul In gene 
family. Cell 42:93-104, 1985. 

Martz E, Gromkowskl SH: Lymphocyte function-associated antigens: 
regulation of lymphocyte adhesions In vitro and Immunity In vivo. 
Adv Exp Med Blot 184:291 - 310, 1985. 

Mentzer SJ, Barbosa JA, Burakoff SJ: T3 monoclonal antibody 
activation of nonspecific cytolysis: a mechanism of CTL 
Inhibition. J lmmunol 135:34- 38 , 1985. 

Mil ter so, Jenkins MK: 
monoclonal antibody on 
hypersensitivity. Cel I 

In vivo effects of GK1.5 (anti-L3T4a) 
Induction and expression of delayed-type 
lmmunol 92:414-426, 1985. 

Moretta A, Panta I eo G, Lopez-Botet M, Moretta L: I nvo I vement of 
T44 molecules In an antigen-Independent pathway of T cell 
activation. Analysts of the correlations to the T eel I antigen
receptor complex. J Exp Med 162:823-838, 1985. 

Moretta A, Pantaleo G, Lopez - Botet M, Mlngarl MC, Carrel s, 
Moretta L: Involvement of T11 molecules In antigen receptor
mediated T lymphocyte functions: effect of anti-T11 monoclonal 
antibody on functional capabilities of alloreactlve T cell 
clones. Eur J lmmunol 15:841-844, 1985. 

Nakauchl H, Nolan GP, Hsu C, Huang HS, Kavathas P, Herzenberg LA: 
Molecular cloning of Lyt-2, a membrane glycoprotein marking a 
subset of mouse T lymphocytes: molecular homology to Its human 
counterpart , Leu-2/T8, and to Immunoglobulin variable regions . 
Proc Natl Acad Set USA 82:5126-5130, 1985. 

OFlynn K, Krensky AM, Beverley PC, Burakoff SJ, Linch DC: 
Phytohaemagglutinin activation of T eel Is through the sheep red 
blood cell receptor. Nature 313:686-687, 1985. 

Palacios R: Mechanisms by which accessory cells contribute In 
growth of resting T lymphocytes Initiated by OKT3 antibody. Eur 
J lmmunol 15:645-651, 1985. 

26 



Pessano s, Oettgen H, Bhan AK, Terhorst C: The T3/T cell 
receptor complex: antigenic distinction between the two 20-kd T3 
(T3-delta and T3-epsllon) subunits. EMBO J 4:337-344, 1985. 

Pont s, Van Agthoven A, Naquet P, Plerres A, Schmltt-Verhulst AM, 
Plerres M: Clonospeclflc structural heterogeneity In the Thy-1 
mo 1 ecu 1 e from mouse T I ymphocytes. ImmunogenetIcs 21 :459-467, 
1985. 

Reed JC, Tadmorl W, Kamoun M, Koretzky G, Nowel I PC: Suppression 
of lnterleukln 2 receptor acquisition by monoclonal antibodies 
recognizing the 50 KD protein associated with the sheep 
erythrocyte receptor on human T lymphocytes. J lmmunol 134:1631-
1639, 1985. 

Schwab R, Crow MK, Russo C, Weksler ME: 
activation by OKT3 monoclonal antibody: 
molecules and lnterleukln 1. J lmmunol 

Requirements for T eel I 
role of modulation of T3 

135:1714-1718, 1985. 

Shaw s, Goldstein G, Springer TA, Biddison WE: Susceptlbl I lty of 
cytotoxic T lymphocyte (CTL) clones to Inhibition by anti-T3 and 
anti-T4 (but not anti-LFA-1) monoclonal antibodies varies with 
the "avidity" of CTL-target Interaction. J lmmunol 134:3019-
3026, 1985. 

Shlmonkevltz R, Cerottlnl JC, MacDonald HR: Variable requirement 
for murine lymphocyte function-associated antlgen-1 (LFA-1) In T 
eel 1-medlated lysis depending upon the tissue origin of the 
target cells. J lmmunol 135:1555-1557, 1985. 

Sltkovsky MV, Schwartz MA, Elsen HN: Cel 1-cel I contact proteins 
In antigen-specific and antigen-nonspecific cellular 
cytotoxicity. Adv Exp Med Bioi 184:429-449, 1985. 

Spits H, Yssel H, Leeuwenberg J, De Vries JE: Antigen-specific 
cytotoxic T eel I and antigen-specific prol lferatlng T eel I clones 
can be Induced to cytolytic activity by monoclonal antibodies 
against T3. Eur J lmmunol 15:88-91, 1985. 

Spits H, Yssel H, Voordouw A, de Vries JE: 
cytotoxIc actIvIty of c I oned cytotoxIc 
specific for class I I and class I major 
complex antigens. J lmmunol 134:2294-2298, 

The role of TB In the 
T I ymphocyt~ I I nes 
histocompatibility 

1985. 

Sportsman JR, Park MM, Cheresh DA, Fukuda M, Elder JH, Fox Rl: 
Characterization of a membrane surface glycoprotein associated 
with T-cel I activation. J lmmunol 135:158-164, 1985. 

Sukhatme VP, Sizer KC, Vollmer AC, Hunkapl I ler T, Parnes JR: The 
T cell differentiation antigen Leu-2/T8 Is homologous to 
Immunoglobulin and T cell receptor variable regions. Cell 
40:591-597, 1985. 

Tadmorl W, Reed JC, Nowel I PC, Kamoun M: Functional properties 

27 



of the 50 kd protein associated with theE-receptor on human T 
lymphocytes: suppression of IL 2 production by antl-p50 
monoclonal antibodies. J lmmunol 134:1709-1716 , 1985. 

Tsoukas CD, Landgraf B, Bentln J, Valentine M, Lotz M, Vaughan 
JH, carson DA: Activation of resting T lymphocytes by anti-CD3 
(T3) antibodies In the absence of monocytes. J lmmunol 135:1719-
1723, 1985. 

Tsoukas CD, Valentine M, Lotz M, Vaughan JH, Carson DA: The role 
of the T3 molecular complex on human T lymphocyte-med iated 
cytotoxicity. Adv Exp Med Bioi 184:365-385, 1985. 

Valentine MA, Tsoukas CD, Rhodes G, Vaughan JH, Carson DA: 
Phytohemagglutinin binds to the 20-kDa molecule of the T3 
complex. Eur J lmmunol 15:851 - 854, 1985. 

van den Elsen P, Shepley BA, Cho M, Terhorst C: Isolation and 
characterization of a eDNA clone encoding the murine homologue of 
the human 20K T3/T-cell receptor glycoprotein. Nature 314:542-
544, 1985. 

van Agthoven AJ, Truneh A: Lymphocyte function-associated 
antigens one (LFA-1) on B and on T lymphocytes bind a monoclonal 
antibody with different affinities. Cell lmmunol 91:255-262, 
1985. 

Ware CF, Reade JL: Funct ional Interactions of LFA-1, T8 and 
alloantlgen surface structures In T-cell mediated cytotoxicity. 
Adv Exp Med Bioi 184:323-341, 1985. 

Wassmer P, Chan C, Logdberg L, Shevach EM: Role of the L3T4-
antlgen In T cell activation. II. Inhibition ofT cell 
activation by monoclonal anti-L3T4 antibodies In the absence of 
accessory eel Is. J lmmunol 135:2237-2242, 1985. 

Weber WE, Buurman WA, Vandermeeren MM, Raus JC: Activation 
through CD3 molecule leads to clonal expansion of all human 
per I phera I b I ood T I ymphocytes: funct I ona I ana I ys 1 s of c 1 ona 1 1 y 
expanded eel Is . J lmmunol 135:2337-2342, 1985. 

Williams JM, Deloria D, Hansen JA, DlnarelloCA, Loertscher R, 
Shapiro HM, Strom TB: The events of primary T cell activation 
can be staged by use of Sepharose-bound anti-T3 (64.1) monoclonal 
antibody and purified lnterleukln 1. J lmmunol 135:2249-2255, 
1985. 

6. THE IMMUNOGLOBULIN SUPERFAMILY 

Since the discovery that beta-2-mlcroglobulln has considerable 
amino acid sequence homology to lmmunoglobul In domains many other 
molecules have been added to the Immunoglobulin superfamily. 
They Include the class I and class II maJor hlstpcompatlbllty 
comp I ex ant I gens and the T ce I I receptor. These are the most 
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Important faml ly members since they are clearly Involved In 
recognition by the T cell Immune system. Other class I MHC 
ant 1 gens such as Qa and TL are expressed In I ymphyo I d ce I Is and 
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Figure 5. Evolution of the lmmunoglobul In superfaml ly (modified 
from Matsunaga, 1985). 

liver and their function Is unknown. The Thy-1 antigen Is 
expressed predominantly In neuronal eel Is and thymocytes and In 
small amounts In other cells such as fibroblasts, epidermal 
eel Is, mammary glands and skeletal muscle. Thy-1 also Is related 
structurally to the lmmunoglobul In superfaml ly but Its function 
Is unknown. This molecule Is found on peripheral blood T cells 
In mice but not In man. It was recently reported that In mice 
antibodies against Thy-1 were able to stlmu1ate CTL clones and 
spleen T cells. The genes for mouse Thy-1 have recently been 
cloned and sequenced by Sl lver and coworkers. 

Also, receptor proteins for transport of lgM and lgA show a 
remarkable resemblance to lgs. Finally, the CD4 and CDS 
molecules have also been suggested to be members of this 
super f am I I y . 

7. T CELL ONTOGENY 

We have known for some time that the thymus Is essential for the 
development of normal T cell Immunity. In Its absence, as In the 
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DIGeorge syndrome In man, or In the nude congenitally athymlc 
mouse, eel I mediated Immunity Is deficient. 

stem cells orglnatlng In the bone mar:row migrate Into the 
eplthel lal thymus and after a period of time emerge as mature T 
lymphocytes. During their residence In the gland, several things 
happen. The T ce 1 Is acquIre specIfIc receptors for recognItIon 
of antigen. They learn to recognlz~ foreign antigens only In 
conjunction with self MHC, on the surface of antigen presenting 
eel Is. In addition, they learn to discriminate between self and 
non-self. That Is, self tolerance develops. These are obviously 
extremely Important events which many Investigators are now 
striving to explain. 

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 e I I m I nate autoreact I ve ce I Is and at the same 
time expand clones of T cells capable of recognizing foreign 
antigen In association with self-MHC molecules. 

Experiments with Irradiated mice grafted with fetal thymus tissue 
and given bone marrow cells suggest that both the epithelial 
cells of the thymus and bone marrow-der lved macrophages or 
dendritic are Important. These are complex experiments and the 
resu Its are st I I I rather pre I I m I nary. They suggest that thymIc 
epithelial cells are most critical for the Imprinting of MHC 
restriction. While bone marrow-derived macrophages/dendrltlc 
eel Is appeared to be the major eel Is needed for the Imposition of 
se If to I erance. 

Kappler and coworkers have Investigated the maturation ofT eel Is 
In the thymus by studying the expression of T eel I receptors. 
They developed hybrid eel I I lnes · from mouse thymocytes during 
feta I deve I opment and exam I ned theIr DNA for rearrangements of 
the T-beta genes. None were observed untl I day 14, with alI the 
pattern having the normal genomic DNA structure. On days 15, 16 
and 17 however, progressively more of the cells studied showed 
typical clonal rearrangements similar to those of mature T eel Is. 

In other experiments the same workers made use of an antibody 
that recognIzes an a I I e I I c determInant of the beta chaIn of the T 
eel I receptor. In organ cultures of feta l thymus they found that 
around day 17 the receptor became detectable on the thymic 
lymphocytes. Initially, In the cortex, the staining was 
concentrated to the perinuclear area. All of the receptor 
protein was In the cytoplasm and none yet on the surface on the 
ce I Is. In the medu I I ary areas, ce I Is were found that had 
receptor molecules on the surface. · After examining many such 
cells, one was found on which the receptor protein was all 
aggregated or capped In close apposition to a thymic eplthel lal 
eel I. The significance of this Interaction Is not known yet, but 
It suggests that thymocytes develop surface receptor protein and 
make an Initial contact with eplthel lal eel Is In the thymus. 
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The following sequence of events has been suggested: 

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

b. as these eel Is they randomly rearrange their alpha and 
beta chain genes generating a repertoire of receptors; 

c. eel Is with anti-self receptor are selected; 

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

e. T cells with strong 
eliminated. 

anti-self reactivity are 

Ear I y thymocytes that do not yet have T 1-T3 structures do 
however, express C02. It was therefore suggested by Relnherz 
that these eel Is may uti I lze the C02 (T11) pathway for activation 
and proliferation. 

REFERENCES 

Born W, Yague J, Palmer E, Kappler J, Marrack P: Rearrangement 
of T-ee I I receptor beta-chaIn genes durIng T-ee I I deve I opment. 
Proc Natl Acad Sci USA 82:2925-2929, 1985. 

Ceredlg R, Lowenthal JW, Nabholz M, MacDonald HR: Expression of 
Inter I euk I n-2 receptors as a dIfferent I at I on marker on 
lntrathymlc stem cells. Nature 314:98-100, 1985. 

Ceredlg R, MacDonald HR: lntrathymlc differentiation: some 
unanswered questions. Surv lmmunol Res 4:87-95, 1985. 

Collins MK, 
Tonegawa s, 
express I on In 
82:4503-4507, 

Tanlgawa G, Klssonerghls AM, Ritter M, Price KM, 
Owen MJ: Regu I at I on of T-ee I I receptor gene 
human T-cell development. Proc Natl Acad Sci USA 
1985. 

Fink PJ, Gal latin WM, Reichert RA, Butcher EC, Weissman IL: 
HomIng receptor-bearIng thymocytes, an Immunocompetent cor t I ca I 
subpopulatlon. Nature 313:233-235, 1985. 

Fowlkes BJ, Mathieson BJ: lntrathymlc differentiation: 
thymocyte heterogeneity and the characterization of early T-cel 1 
precursors. Surv lmmunol .Res 4:96-109, 1985. 

Habu S, Okumura K, Dlamantsteln T, Shevach EM: 
lnterleukln 2 receptor on murine fetal thymocytes. 
15:456-460, 1985. 

Expression of 
Eur J I mmuno I 

Hardt C, Dlamantsteln T, Wagner H: .Developmentally controlled 
expression of IL 2 receptors and of sensitivity to IL 2 In a 
subset of embryonic thymocytes. J lmmunol 134:3891-3894, 1985. 

31 



Hlrokawa K, Sado T, Kubo S, Kamlsaku H, Hltoml K, Utsuyama M: 
lntrathymlc T eel I differentiation In radiation bone marrow 
chimeras and Its role In T cell emigration to the spleen. An 
Immunohistochemical study. J lmmunol 134:3615-3624, 1985. 

Hofman FM, Modi In RL, Bhoopat L, Taylor CR: Distribution of 
cells bearing the Tac antigen during ontogeny of human lymphoid 
tissue. J lmmunol 134:3751-3755, 1985. 

Hulskamp R, van EwiJk W: Repopulation of the mouse thymus after 
sublethal fission neutron Irradiation. I. Sequential appearance 
of thymocyte subpopulatlons. J lmmunol 134:2161-2169, 1985. 

Krulsbeek AM, Mond JJ, Fowlkes BJ, Carmen JA, Bridges s, Longo 
DL: Absence of the Lyt-2-,L3T4+ lineage of T cells In mice 
treated neonatally with antl-1-A correlates with absence of 
1 ntrathym I c 1-A-bear I ng ant I gen-present I ng ce I I functIon. J Exp 
Med 161 : 1029-1047, 1985. 

Krulsbeek AM, Longo DL: Acquisition of MHC-restrlctlon 
specificities: role of thymic stromal cells . Surv lmmunol Res 
4:110-119, 1985. 

Lesley J, Trotter J, Hyman R: The Pgp-1 antigen Is expressed on 
ear I y feta I thymocytes. I mmunogenet 1 cs 22: 149-157, 1985. 

Levy J, Rabinowitz R, Schlesinger M: Implication of the Thy-1 
antigen on mouse thymus cells In the recognition of 'self' 
structures. Thymus 7:85-93, 1985. 

Link MP, Stewart SJ, Warnke RA, Levy R: Discordance between 
surface and cytoplasmic expression of the Leu-4 (T3) antigen In 
thymocytes and In blast cells from childhood T lymphoblastic 
mal lgnancles. J Cl In Invest 76:248-253, 1985. 

Lobach DF, Hensley LL, How, Haynes BF: Human T eel I antigen 
expression during the early stages of fetal thymic maturation. J 
lmmunol 135:1752-1759, 1985. 

Longo DL, Krulsbeek AM, Davis ML, Matis LA: Bone marrow-derived 
thymic antigen-presenting eel Is determine self~recognltlon of !a
restricted T lymphocytes. Proc Nat Acad Sci USA 82 : 5900-5904, 
1985. 

Muslanl P, 
Plantelll 
thymocytes. 

Magglano N, Aiello FB, Carbone A, Ranellettl FO, 
M: Proliferative capabilities of T3-posltlve 

Cel I lmmunol 90:358-365, 1985. 

Raulet DH, Garman RD, Saito H, Tonegawa S: 
regulation of T-cell receptor gene expression. 
107, 1985. 

Developmental 
Nature 314:103-

Raulet DH: Expression and . function of lnterleukln-2 receptors on 
Immature thymocytes. Nature 314:101-103, 1985. 

32 



Royer HD, Ramarl 1 D, Acuto o, Campen TJ, Relnherz EL: Genes 
encoding the T-cel 1 receptor alpha and beta subunits are 
transcribed In an ordered manner during lntrathymlc ontogeny. 
Proc Natl Acad Sci USA 82:5510-5514, 1985. 

Scollay R, Shortman K: Identification of early stages of T 
lymphocyte development In the thymus cortex and medul Ia. J 
lmmunol 134:3632-3642, 1985. 

Snodgrass HR, Demblc z, Steinmetz M, von Boehmer H: Expression 
of T-cel I antigen receptor genes during fetal development In the 
thymus. Nature 315:232-233, 1985. 

Snow PM, Van de RIJn M, Terhorst C: Association between the 
human thymic differentiation antigens T6 and T8. Eur J lmmunol 
15:529-532. 1985. 

Trowbridge IS, Lesley J, Trotter J, Hyman R: Thymocyte 
subpopulatlon enriched for progenitors with an unrearranged T
ee I I receptor beta-chaIn gene. Nature 315:666-669, 1985. 

von Boehmer H, Crlsantl A, Klslelow P, Haas W: 
by most receptor-expressIng feta I thymocytes 
lnterle.ukln-2. Nature 314:539-540, 1985. 

8. T CELL MALAGNANCIES 

Absence of growth 
In the presence of 

The diagnosis of human lymphocyte mal lgnancles has been greatly 
facilitated by the Introduction of monoclonal antibodies which 
recognize eel I surface antigens. · Label I lng of surface markers In 
lymphoid tissue sections Is being used for the Immunological 
classification of mal lgnant lymphomas as wei I as to distinguish 
between benIgn dIsorders and ma I I gnant condItIons. However, 1 n 
many cases It may be Impossible to decide on the basis of surface 
staining. Recently It was shown that gene mapping with DNA 
probes for the Immunoglobulin heavy and light chains provided 
another way of demonstratIng the monoc I ona I orIgIn of a B ce 1 1 
leukemia or lymphoma. The procedure Involves demonstrating that 
the genes have undergone rearrangement In a c I ona I fashIon. It 
Is now possible to utilize a similar approach with eDNA probes 
for the beta chain of the T eel I receptor. 

With the aval labl I lty of techniques for demonstrating rearranged 
genes of the beta chain of the T cell receptor, It Is now 
possible to document the clonal lty of a given T eel I population. 
The distinction between an Inflammatory lnfl ltrate of T eel Is and 
a monoclonal mal lgnant 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 variable (V 8). diversity (08), 
Joining (J 8) and constant (C 8) segments. 
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9. T CELLS IN ALLOGRAFT REJECTION 

Allograft rejection mobilizes a broad spectrum of Immune 
responses with either eel lular or humoral mechanisms having the 
predomInant ro I e In dIfferent cIrcumstances. Wh I I e serum 
antibodies are wei I known to cause hyperacute graft fal lure and 
probably also play a predominant role In some forms of chronic 
rejection of vascularized grafts, the main effector mechanisms 
for graft rejection are known to be cellular. This was 
establ lshed years ago by adoptive Immunity experiments and Is 
attested In the tissue histology of grafts which are usually 
prominently lnfl ltrated by mononuclear eel Is. 

The Identity of the T cells responsible for the reJection of 
grafts however, has been the subject of much controversy. Early 
InvestIgators drew a para I I e I between tIssue destruct I on durIng 
In vivo rejection of grafts and the killing of cells evident In 
experiments of eel I mediated cytotoxicity In vitro. It was 
assumed that cell mediated lysis was a model of the graft 
reject I on phenomenon. The same ce I Is capab I e of k I I I I ng target 
eel Is In the test tube were presumed to be responsible for 
destruction of grafts. 

Then came the surface markers that Identified T eel I subsets and 
It became possible to put this hypothesis to the test. The 
surprising and totally unexp~cted finding from these experiments 
was that ce I Is of the Lyt-2 (equ Iva I ent of CDS) phenotype cou I d 
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 
cytotoxic T eel Is were not required for rejection of allografts. 
The ce I Is respons l b I e were thought to be the effector ce I Is of 
delayed-type hypersensitivity, known to be contained In the L3T4 
(equivalent of CD4) subset. 

In the meant I me other workers showed that If cytotoxIc T ce I Is 
were Injected directly Into grafts marked destruction occurred at 
the site of Inoculation. Such results suggested that cytotoxic T 
ce I Is were capab I e of causIng InJury to tIssue or organ 
allografts. 

Moreover, as recently pointed out by Stelnmuller, the cell 
transfer experiments did not take Into account two Important 
facts and should therefore be Interpreted with caution. The 
first fact, Is that the el lmlnatlon of the Lyt-2-posltlve eel Is 
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from the popu 1 at 1 on of ce I Is gIven to transfer graft reject I on 
was probably not complete. If sufficient numbers of 
contaminating cytotoxic eel Is remained the conclusions may not be 
valid. 

The second fact, Is that If the cyototox I c T ce I Is were 
recognizing class II MHC antigens In the graft, they most 
probab 1 y were not of the Lyt-2 phenotype. It Is now we I I known, 
as discussed above, that class I 1-speclflc kl I lers are usually of 
the CD4+ type. 

A number of Investigators are now reporting experiments In which 
T cells obtained from rejection grafts are being cultured and 
cloned. Such clones can subsequently be characterized In regard 
to surface phenotype, functional activities and specificity of 
theIr receptors. Pre I I m I nary data suggest that some of these 
clones are cytotoxic and that they recognize 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 
major HLA specificities. Still other T cells are found that 
react against totally unreiated antigens. 

More know I edge about the type of T ce I Is I nvo I ved and the 
antigens they recognize will undoubtedly be useful In the 
evaluation and treatment of graft rejection In the future. 

REFERENCES 

Bradley JA, Mason DW, Morris PJ: Evidence that rat 
allografts are rejected by cytotoxic T cells and 
nonspecific effectors. Transplantation 39:169-175, 1985. 

renal 
not by 

Greenberg PD, Kern DE, Cheever MA: Therapy of disseminated 
murine leukemia with cyclophosphamide and Immune Lyt-1+,2- T 
cells. Tumor eradication does not require participation of 
cytotoxic T cells. J Exp Med 161:1122-1134, 1985. 

Hal I BM, Gurley KE, Dorsch SE: The possible role of cytotoxic T 
cells In the mediation of first-set allograft rejection. 
Transp I ant at I on 40:336-339, 1985. 

Mayer TG, Fuller AA, Fuller TC, Lazarovlts AI, Boyle LA, Kurnlck 
JT: Characterization of In vivo-activated allospeclflc T 
lymphocytes propagated from human renal allograft biopsies 
undergoing rejection. J lmmunol 134:258-264, 1985. 

Moreau JF, Peyrat MA, VI e H, Bonnevll le M, Soul I I lou JP: T eel I 
co I ony-form I ng frequency of mononuc I ea ted ce I Is extracted from 
rejected human kidney trinsplants. Functional and phenotypic 
studies of the colonies. Transplantation 39:649-656, 1985. 

Stelnmuller D: Which T cells mediate allograft rejection? 
Transp I ant at I on 40:229-233, 1985. 

36 



Wolff JL, Beauraln G, campos H, Kreis H, Chatenoud L, Bach JF: 
Characterization of T eel Is cultured from fine needle aspirates 
of human renal allografts during rejection. Kidney lnt 27:469-
471, 1985. 

10. DEFECTIVE T CELL IMMUNITY 

No at tempt w I I I be made here to revIew the I arge topIc T ce I I 
deficiencies. Instead, three subjects In which there are recent 
developments of considerable Interest wl I I be briefly discussed. 

The nature of the Immunologic deficiency In AIDS has been the 
object of Intensive study. The disease Is characterized by a 
profound Immunodeficiency with appearance of opportunistic 
1 nfect 1 ons and unusua I ma I I gnanc I es. In vI t .ro the 
Immunodeficiency Is reflected In diminution of mitogen responses, 
of prol lferatlve responses to soluble antigens and to al logenelc 
lymphocytes. lnterleukln-2 production, NK activity and pokeweed 
mitogen-Induced B eel I secretion of antibody areal I Impaired. 

The major subset ofT lymphocytes, defined phenotypically as CD4+ 
and funct I ona I I y as the he I per I Inducer subset, Is preferent I a I I y 
depleted. The Initial diminution of CD4+ eel Is In the face of 
normal CDS+ eel Is results In the characteristic Inversion of the 
CD4/CD8 ratIo. 

It has recently been found that HTLV-1 I 1/LAV selectively Infects 
CD4+ cells, resultln·g In modulation of the CD4 antigen, virus 
production, cytopath i c changes and cell death. CD4 protein 
Itself, or something very close to It must be the receptor for 
attachment of the virus. VIral Infection was blocked by 
antibodies against the CD4 antigen. In view of the functional 
Importance of CD4+ cells this unique tropism can explain 
virtually alI of the Immunologic abnormal ltles of AIDS. 

Another Immune defIcIency syndrome whIch has recent I y been 
characterized Is the "bare lymphocyte" syndrome. It Is so cal led 
because of absence of HLA c I ass I and In some cases a I so c I ass I I 
ant I gens on b I ood mononuc I ear ce I Is. Because of the Importance 
of t he M H c I n t he r e .c o g n I t I on o f for e I g n an t I g en s by T c e I I s I t 
has been speculated that the Immunologic abnormal I ties 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 mechanlsm. It has been shown that HLA 
genotyp I ng Is poss I b I e usIng DNA probes. 

In klndreds with this disease It Is often desirable to determine 
as early as possible whether a newborn sib Is also affected. It 
was reported recent I y that thIs can be accomp I I shed by 
Immunohistochemical staining of the placenta. In fact normal 
placentas demonstrated class I and class II HLA antigens In 
endothelial cells and cells of the mesenchymal stroma of the 
villi. In the placenta of a ·child born with the "bare 

37 



lymphocyte" syndrome, HLA antigens were not detected . 

The th 1 rd ImmunodefIcIency syndrome to be dIscussed Is a nove I 
disorder characterized by recurent bacterial Infections for wh ich 
a mo lecular basis has recently been found. 

The LFA-1 molecule was first defined In the mouse by monoc lona l 
ant 1 bod 1 es that InhIbIted T I ymphocyte- med I a ted k I I I I ng. Human 
LFA-1 was found to have the same functional properties. Ant i 
LFA-1 monoclonal antibodies Inhibit the first step In T ee l I 
k 1 1 1 I ng, the adherence of the k I I I er to the target ce I I. NK and 
ADCC kl I I lng are also Inhibited. These and other resu l ts suggest 
that LFA-1 Is a cell adhesion molecule. 

Mouse 
Human 

Subunits 

MW(X10-3 ) 

Function 

Ce l I 
Distribution 

TABLE 6. 

THE LFA-1, MAC-1 FAMI.LY 

LFA-1 
LFA-1 

aL;S 

180; 95 

adhesion 

lymphocytes, 
granulocytes, 
monocytes 

Mac-1 
Mac-1 ( OKM 1 , Mo 1 ) 

a M;S 

170; 95 

complement 
receptor 
type 3 

macrophages, 
monocytes, 
granulocytes 

(Modified from Springer, 1985). 

P150,95 

ax; S 

150; 95 

? 

monocytes, 
granulocytes 

Two other molecules are known to have Identical beta subun i ts as 
LFA-1 with d i fferent alpha subunits. They are Ma-1 (OKM 1 , Mo1) 
and p150,95 (Table 6). 

I t appears that the primary deficiency In pat ient's eel Is Is of 
the beta subunit. Normal alpha subun i ts are made but in t he 
absence o f t he bet a c h a I n. I t I s a p p a rent I y not p roc esse d or 
transported to the eel I surface. 

Arnaout and coworkers studied 10 patients w i th this disease . 
They suffered from recurrent pyogenic Infections starting In the 
f I rst few weeks of I I fe. They had recurrent skIn Infect Ions, 
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sinusitis, 
pneumonia, 

recurent otitis media, 
etc. 

gingivitis, tracheobronchitis, 

In some faml 1 les the findings were consistent with an autosomal 
recessive mode of Inheritance of the disorder. But this was not 
true In other fam I I I es. 
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11. T CELLS IN AUTOIMMUNITY 

1 t has recent I y been recognIzed that T ce I Is may be I nvo I ved In 
the pathogenes 1 s of at I east some cases of ap I ast I c anemIa. In 
vitro studies suggested, already several years ago, that T cells 
from some patients with aplastic anemia could suppress the growth 
of erythroid and granulocyte colonies. 

Recently Zoumbos and coworkers stud ied 12 patients with aplastic 
anemia and observed Increased numbers of CDS+ eel Is In 10. These 
ce 1 1 s appeared to be act Ivat ed because they expressed HLA-DR 
antigens on their surface. The same cells a l so were found to 
have IL-2 receptors (CD25, Tac) and when separated In a cell 
sorter only CD25+ ee l Is produced Interferon and Inhibited the 
growth of hematopo ietic precursor eel Is In vitro. Interferon has 
been lmpl lcated previously as a mediator of hematopoietic growth 
suppression. 

A subset of patients with aplastic anem ia appears to Improve 
after treatment with anti-lymphocyte globulin. Presently there 
Is no way of Identifying which patients will repond to this 
therapy and which will not. I f the lymphocyte abnormalities 
described above correlate with susceptibility to 
Immunosuppressive treatment, It would aid In selecting patients 
for alternative methods of therapy such as bone marrow 
transplantation. 

The pathogenesis of autoimmunity In diseases Involving endocrine 
g I ands such as the thyroId Is not we I I understood. One 
hypothesis that has become quite popular recently Is that the 
endocrine parenchymal eel Is normally do not express class I I MHC 
antigens but that these antigens may appear on their surface In 
the course of Inflammatory reactions. Such aberrant class I I MHC 
antigens would then present other tissue-specific antigens to T 
cells and Initiate an autoimmune reaction. In support of this 
view, Davies recently cultured human thyroid cells with 
autologous T eel Is and observed appearance of class I I molecules 
on the surface of the thyroid cells. It Is now well established 
that class II antigens appear on many kinds of cells (Including 
endothelial cells, fibroblasts, etc.) when they are exposed to 
gamma Interferon . It has also been observed that keratlnocytes 
become tran siently la -posltlve In the course of Inflammatory 
reactIons In the skIn. I t seems un I Ike I y that express I on of I a 
antigens alone would be sufficient to Initiate autoimmunity. It 
appears to happen on I y ! n certaIn cIrcumstances and In 
genetically predisposed Individuals. It appears more I lkely that 
T eel Is have an active ro le I n the Initiat ion of autoimmune 
disease . Therefore, many Investigators have studied the 
phenotype of T eel Is In tissues Involved In autoimmune reactions. 
Activated T eel Is have been observed In the blood In the early 
stages of type I diabetes, In multiple sclerosis and In 
experimental models of these diseases, particularly experimental 
allergic encephalomyelitis. 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 ketoacldotlc coma within 24 
hours of the diagnosis of Type I diabetes mel I ltus. The majority 
of the 1 nf 1 1 trat I ng I ymphocytes were of the CDS+ 
(cytotox 1 c/suppressor) phenotype. Some of the T ce I Is were 
activated as evidenced by expression of DR antigens and IL-2 
receptors. Affected Is I et ce I Is showed Increased express I on of 
class 1 MHC antigens and were HLA-DR positive. The capl I lary 
endothe I I um around and Ins I de Is I ets was strong I y HLA-DR 
positive. 

Clones of T eel Is have been developed from patients. For example 
Hohlfeld and coworkers developed T eel I I lnes specific for acetyl 
choline receptor from three patients with myasthenia gravis. 
However these studies were performed with antigens from the 
e I ectr I c organs of Torpedo Ca I I forn I ca and the responses, though 
HLA restricted, were clearly not I lmlted to the DR3 haplotypes 
that are associated with risk for developing this disease. 

T eel I clones have also been produced from a variety of 
experimental animals with autoimmune diseases. T eel I I lnes have 
been Injected Into normal recipie n t animals of the same Inbred 
straIn and have reproduced dIsease. For examp I e, T ce I I c I ones 
agaInst mye I In bas I c proteIn were reported to have produced 
encephalomyel ltls and T eel Is from animals with adjuvant-Induced 
arthritis have been reported to have produced arthritis. 

Perhaps one of the most InterestIng recent fIndIngs In the area 
of autoimmunity Is the observation of a large deletion In the T
cel I receptor beta-chain gene complex In New Zealand White mice. 
Mice of this strain together with New Zealand Black produce Fl 
hybrids with a severe form of murine systemic lupus 
erythematosus. The a I I e I e of the beta chaIn T ce I I receptor In 
these mIce Is I ack I ng an 8.8 k I I obase segment of DNA contaInIng 
the cs 1 , D132 , and the Js 2 clusters. The role, If any, of this 
deletion 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 eel I receptor genes. 
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12. CONCLUSION 

The study of T I ymphocytes has for a I ong tIme been consIdered to 
be an obscure and difficult area of Immunology. The last two or 
three years have witnessed a remarkable acceleration of activity 
and progress In this field. In this review I have attempted to 
touch on some of the highlights of this awakening which promises 
to revo I utI on I ze both bas I c I mmuno I ogy and many areas dIrect I y 
related to medical problems. The basis for the renewal was 
establ lshed with the development of methods of cloning T eel Is. 
The activity merged with the appl lcatlon of monoclonal antibodies 
and molecular approaches to the purification, elucidation of 
structure, gene cloning, and sequencing ofT eel I products and 
surface molecules. Some of the most exciting areas of present 
actIvIty are the probIng of T ce I I ontogeny, the study of 
functionally Important surface molecules and the genetic analysis 
of the T ce I I receptor. Rearrangements of the T ce I I receptor 
are uti I lzed as markers of clonal lty In T eel I 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 explanations and solutions to the puzzles of 
autoImmune dIseases. The genes for the T ce I I receptor may 
provide new markers of Inherited susceptlbl I lty for diseases such 
as diabetes mellitus type I or rheumatoid arthritis. Since T 
eel Is are known to be the major contributors to the pathogenesis 
of these condItIons, Improved understandIng of T ce I I ImmunIty 
should also lead us toward a better understanding of how and why 
autoimmune diseases develop and ultimately provide guidance for 
therapeutic Interventions. 
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