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Abstract. Thymus-derived lymphocytes (T cells) show remarkable specificity in their
capacity to recognize non-self antigens and this recognition must serve as the initial step in
the differentiation of immunologically competent T cells into antigen-specific effector cells
including helpers, suppressors, and cytotoxic lymphocytes. The problem of determining the
molecular nature of the receptor for antigen on these cells is a challenging area of investiga-
tion, and considerable insight into the serological and molecular properties of this receptor
has recently been obtained using antibodies directed against immunoglobulin combining site
regions as probes for the detection and isolation of the T-cell molecules. This review stresses
results obtained within the past 3 years and (1) addresses the expression of immunoglobulin
variable region determinants on T-cell receptors and factors, (2) presents a serological and
molecular comparison of the structure of T-cell antigen-specific regulatory factors with
those of receptors, and (3) presents a theoretical discussion of the genetics of antigen-
specific T-cell factors and receptors. A pattern is emerging which indicates that T-cell
receptors and some factors have a combining site which is related to immunoglobulin heavy
chain variable regions. These molecules apparently do not bear determinants specified by
the major histocompatibility complex (MHC), but express Ig-related variable regions and
constant regions unique to T-cell products. The genes encoding these antigen-specific
molecules (receptors, helper and suppressor factors) apparently are associated with the
immunoglobulin heavy chain gene cluster. The intact V-related T-cell molecules have a
subunit mass of approximately 68,000 daltons and can form disulfide-bonded dimers. Studies
using proteolytic enzymes, coupled with antigenic and functional analyses, indicate that the
molecule is composed of domains resembling those of immunoglobulin heavy chains, al-
though the T-cell molecule does not bear classical heavy chain isotypic determinants. The
formation of active suppressor or helper factors often requires association of V-related
molecules with MHC-encoded proteins.

Thymus-derived lymphocytes (T cells)
exhibit an exquisite specificity in their ca-
pacity to recognize antigen, and this recog-
nition must serve as the initial step in the
differentiation of immunologically compe-
tent T cells into antigen-specific effector
cells such as helpers, suppressors, and
cytotoxic lymphocytes. The problem of
determining the molecular nature of the
surface receptor for antigen on T cells is a
challenging area of investigation and has
been one of the major unresolved issues in
modern immunology. It has been possible
to gain considerable insight into the sero-
logical and molecular properties of this

! To whom all correspondence should be addressed.

receptor using antibodies directed against
combining site regions of immunoglobulins
as probes for its detection, and for its isola-
tion using immune affinity chromatography
of T-cell receptor molecules. Antigen-
specific T-cell immunoregulatory molecules
such as helper and suppressor factors also
have been shown to express determinants
serologically related to variable regions of
immunoglobulin heavy chains. A number of
comprehensive reviews have been written
regarding the problem of the T-cell receptor
for antigen (1—6). In this brief review, we
will focus predominantly upon data gener-
ated in the past 3 years and consider the
following major issues regarding the T-cell
receptor for antigen: First, the evidence
supporting the existence of T-cell products
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related to immunoglobulin variable regions
will be reviewed. Second, the relationship
between T-cell receptors and T-cell re-
leased effector factors will be analyzed.
Third, recent data regarding the characteri-
zation of isolated receptors and factors will
be reviewed. Finally, based upon the mo-
lecular characterization data presently avail-
able, we will describe tentative models
for the polypeptide structure of the T-cell
receptor which is related to immunoglobu-
lin heavy chain variable regions, and dis-
cuss possible models for the arrangement of
genes encoding variable and constant re-
gions of T-cell receptors and their relation-
ships to immunoglobulin heavy chain V and
C genes.

Existence of T-Cell Receptors and Fac-
tors Serologically Related to Immuno-
globulin Variable Regions. Although a
number of studies performed in the early
1970s indicated that some antisera direct-
ed against immunoglobulin determinants
reacted with T-cell products and could be
used in the isolation of immunoglobulin-
related T-cell surface markers (6—11) and
factors (12, 13), the location of these deter-
minants on the immunoglobulin-related
molecule was not established. In retro-
spect, it would appear that the original
anti-immunoglobulin sera that were used
to isolate immunoglobulin-related T-cell
products must have done so because of
a cross-reaction with variable region de-
terminants because the ability of such sera
to recognize determinants on T-cell mole-
cules was not related to class-specific
markers (6). Furthermore, subsequent
studies established that such antisera were
reactive with determinants lying in the Fd
fragment of purified heavy chains (15), and
also were associated with either interaction
determinants formed by combination of V4
and V_ (16) or with restricted variable re-
gion framework determinants (17). Two
types of antisera have been very useful in
establishing a relationship between sero-
logical properties of the T-cell receptor
and those of the combining site region of
antibodies. The first type was the produc-
tion of antibodies directed against idiotypic
determinants on specific antibodies; the
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second type of reagent consisted of antisera
directed against V, framework determi-
nants or to ‘‘non-idiotypic Vy-related de-
terminants’’ which are localized to some
presently unspecified area of the variable
region of heavy chains. Table I gives a par-
tial listing of characterized idiotypic deter-
minants which have been detected either on
the surfaces of T cells or an antigen-specific
T-cell factors. More than 13 defined
idiotypic determinants have been found to
be shared between antibodies and T cells or
T-cell products exhibiting corresponding
specificity. A range of idiotypic specificities
have been detected which include (a) spec-
ificity for defined low-molecular-weight
haptens such as NP and the arsonate hap-
ten, (b) specificities directed against natu-
rally occurring proteins such as hen egg-
white lysozyme, (c) specificities directed
against synthetic polypeptides such as GAT
and (T,G)A—L, (d) specificities for poly-
saccharides, and (e) specificities directed
against MHC alloantigens in mice and ro-
dents. Moreover, idiotypes cross-reactive
with those of human myeloma immuno-
globulins have been detected on the sur-
face of certain peripheral T cells in man
and on isolated idiotype-bearing receptors
(40, 41). The question whether or not the
idiotype-bearing surface molecules or fac-
tors detected were synthesized by the T
cells has been answered affirmatively by a
number of approaches (3, 4, 28, 30), and
recent studies involving the production of
T-cell hybridomas in vitro also strengthens
the conclusion that T cells can synthesize
and express idiotype related molecules (22,
31, 42, 43). The range of defined speci-
ficities and idiotypes of T cells suggests that,
first, the recognition repertoire of antigen-
specific T cells is diverse, and, second, that
the antigen-specific products of T cells are
serologically related in their combining site
region to that of antibodies of correspond-
ing specificities. It might be argued that the
second property could arise by chance; that
is, all proteins which bind a defined ligand
with a certain affinity might be expected to
have a similar geometry in the combining
site and therefore have similar serological
(or ‘‘idiotypic’’) properties. This argument
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PARTIAL LIST OF IDIOTYPES SHARED BETWEEN T CELLS AND ANTIBODIES
OF CORRESPONDING SPECIFICITIES

‘‘Common name’’
of idiotypic

Reported occurrence on

marker Specificity T cells T-cell factors
NP (4-Hydroxy-3-nitrophenyl)acetyl Suppressor T-cell Antigen-specific
hybrid; specific isolated receptor
T hybridomas (104) (4, 18, 19)
Timothy allergen Suppressors (20) Antigen-specific
(20) helper factor
HEL Hen eggwhite lysozyme Suppressors (21)
(T,G)-A—L Tyramyl-glutamyl- Helper hybridomas Specific helper
alanyl-lysine 22) factor (23)
tyr(TMA) L-Tyrosine-p-azophenyl- Antigen-binding
trimethylammonium T cells (24)
ARS(Ar) p-Azophenylarsonate Antigen-binding Specific suppressor
T cells (25, 26) factors (27);
biosynthetically
labeled receptors
(28, 29)
R 5,936 B6 anti-CBA antibodies Alloreactive Antigen-specific
(MHC specific) T blasts (30) isolated receptor
(30)
GAT L-Glutamic acid 6°-L- Specific suppressor
alanine 3°-L-tyrosine'? factor (31, 32)
Human y globulin Specific suppressor
factor (33)
TEPC 15 Phosphoryl choline Helpers (34, 35);
delayed-type
hypersensitivity (36)
ASA Streptococcal poly- Helpers (4, 18)
saccharide A suppressors (4, 18)
Nase Staphylococcal nuclease Helpers (37)
Directed against combining Alloreactive Receptor (38, 39)
sites of rat anti-MHC T cells (5)
alloantibodies
Idiotypes Unknown (40); Peripheral Isolated idiotype-
of human anti-horse a,- T cells (40, 41) bearing receptors
myeloma macroglobulin (41) (40, 41)
immunoglobulins

is essentially one of convergence in which
molecules lacking common ancestral genes
might have evolved similar structures be-
cause of common function. The second ex-
planation would be one of direct evolution-
ary homology. Since hundreds of millions
of years of evolutionary time were occupied
in the generation of a variable gene genetic
system to generate antibody diversity, it is
reasonable to expect that antigen-specific
lymphocyte products including antibodies
and T-cell receptors would express com-
bining sites encoded by the variable region
genes.

Possible examples indicating conver-

gence have been reported, e.g., a shar-
ing of idiotype between C-reactive protein
and the phosphoryl choline-binding immu-
noglobulin HOPC 8 (44), the unexpected
cross-reaction between antibodies to the
TEPC 15 Vi light chain and the Thy-1 al-
loantigen (45), and the finding of a ubiqui-
tous lymphocyte-associated protein which
apparently shares the Ar cross-reactive
idiotype as well as Ia antigenic determi-
nants (46). However, the more reasonable
conclusion at this time is that the T-cell re-
ceptor molecules and factors express com-
bining site determinants encoded by genes
related to those of immunoglobulin heavy
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chain variable regions. This conclusion
follows from the diversity of V,-related
idiotypes expressed by T cells. It appears
possible that a sharing of ‘‘idiotype’’ might
appear once or twice by chance; but it ap-
pears inherently improbable that such an
event would happen at least 14 times. A
second point which indicates that the com-
bining sites of antigen-specific T-cell prod-
ucts most probably resemble immunoglob-
ulin variable region-related idiotypes is that
T cells recognize immunoglobulin idio-
types, whether expressed on cells or on
antibody molecules (47, 50). Current data
show that helper T cells and their products
are specific for antigen and express the
idiotype of the corresponding antibody (19,
23, 30), whereas suppressor T cells can be
either specific for antigen and express
idiotype (primary suppressors (27, 32)) or
can react with idiotype, rather than with
antigen (secondary suppressors (47—50)).
Since idiotypes are usually formed as con-
formational determinants which require
interaction between V and V, (51—53), the
fact that T cells and T-cell molecules (espe-
cially products of secondary suppressor T
cells) can react with conformational deter-
minants further suggests that the T-cell re-
ceptors, like antibody combining sites, rec-
ognize three-dimensional shapes. This issue
is worth considering because it has been re-
ported that T-cell antigen receptors differ
from antibodies in recognizing short, linear
stretches of amino acids in denatured pro-
teins, as shown in immune response gene
effects expressed in macrophages (54). The
property of recognizing short linear stretch-
es of amino acids resembles properties of
proteases (55), rather than those of an-
tibody.

The above data support a prima facie
case for a sharing of idiotypic combining
site determinants between antigen-specific
T cells and their products, and antibodies of
corresponding antigen specificities. In ad-
dition, although T-cell receptors and factors
have not been found to express any of the
known immunoglobulin constant regions,
they have been shown to share a number of
other properties with those of defined im-
munoglobulin variable regions. As of this
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time, there is persuasive evidence for a re-
lationship between antigen-specific T-cell
products and heavy chain variable regions,
but the evidence for a relationship with light
chain variable regions is much less certain.
This particular problem is difficult to re-
solve because many of the idiotypic deter-
minants studied above require interaction
with the proper light chain variable region
to form the combining site. Other prop-
erties shared between T-cell receptors and
immunoglobulin heavy chain variable re-
gions are as follows: association with al-
lotype (30, 56), heterocliticity and fine
structure for hapten binding (56), and
nonidiotypic Vrelated determinants (57—
60). Cramer et al. (56) maintain that the
Vy regions of T-cell antigen-specific re-
ceptors share both framework and com-
plementarity determining regions with Vy
as expressed by B cells and antibodies.

T-cell hybridomas have been constructed
which produce suppressor factors specific
for the protein keyhole limpit hemocyanin
and express a membrane-associated an-
tigen-specific receptor. The specific sup-
pressor factors bear an antigenic determi-
nant detected using rabbit antisera made
against the V, region of the murine my-
eloma protein MOPC 315 (61). A point
which will be considered below with re-
spect to antigen-specific T-cell factors is the
association of such functional molecules
with products of the major histocompatibil-
ity complex; a finding which has been ob-
served in the case of keyhole limpit
hemocyanin-specific suppressor factors
produced by hybridomas, and in the case of
the (T, G)-A—L specific helper factor and
the GAT-specific suppressor factor de-
scribed in Table I above.

The present data indicate that the spec-
trum of Vy-related molecules expressed by
T cells is most probably not identical to that
of the entire V pool, but may represent a
restricted subset of this pool. Evidence for
this follows from the restricted expression
of molecules related to the TEPC-15
idiotype by T cells (35), and from the ex-
pression of the NP idiotype by helper T
cells and their factors. Apparently only Vy
is required for the NP-idiotype of T cells,
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whereas the serum antibody requires both
the presence of the proper V, and the
prerer Vy (56). In our hands, we find that
some human T-cell tumor lines of amplifier
phenotype express a Vy-related determi-
nant which comprises about 5% of the total
human Vy pool and most probably is de-
fined by amino acid sequence lying between
residues 23 and the end of the heavy chain
variable region (J. J. Marchalonis, J. C.
Hunt, G. R. Vasta, unpublished observa-
tions).

Table II presents a comparison between
properties of T-cell variable regions and
variable regions of antibodies or B cells. As
described above, a number of idiotypic de-
terminants shared with antibody molecules
have been described for murine T cells and
T-cell products, and idiotypic receptors
have been described on human T cells. The
rabbit differs from man and mouse in ex-
pressing allotypes in the variable region,
and rabbit T-cell receptors have been de-
scribed which bear the V,, allotype (62). It
is worthwhile to note at this point that all
investigators do not find V-related recep-
tors on rabbit T cells. Jensenius et al. (63)
do not find evidence for V4 (a allotype)
markers occurring in the absence of light
chains (b allotypes) by quantitative im-
munoassay, although they find large (>10¢
molecules/cell) numbers of Ig molecules in
purified T-cell populations. They interpret
their results to establish that V, molecules
found on T cells must represent B-cell

131

contamination, and assert that all positive
results obtained by other workers in any
system must be due to either contamination
of preparations with B cells or to use of
poorly characterized antisera. Unfortu-
nately, these workers present no data re-
garding the properties of an alternative rec-
ognition molecule. It is possible that the Vy
determinant expressed on rabbit T cells and
their products (62) is not a major a-allotype
marker and that some antisera, thus, might
not detect it. Furthermore, the rigid as-
sumption that a-allotypes should be found
on T cells only the complete absence of
b-allotypes is unwarranted because the
conformation of free Vy is different from
that observed in the native state where it is
noncovalently associated with V struc-
tures.

The murine T-cell receptor for the hapten
NP resembles the NP-specific serum anti-
body of the same strain in showing a
heteroclitic response in which the hapten
nitroiodophenyl binds better than the origi-
nal NP immunogen. Heterocliticity, like
idiotype, is dependent upon the structure of
the complementarity determining regions
(hypervariable regions) within the antibody
variable regions. In addition to idiotypic
and heteroclitic properties, murine T cells
and T-cell factors also express determi-
nants which are associated with framework
residues on murine heavy chain variable re-
gions (56). Other determinants which can
be localized to the heavy chain variable re-

TABLE II. COMPARISON BETWEEN PROPERTIES OF T-CELL AND ANTIBODY (B CELL) VARIABLE REGIONS

Feature of T-cell
‘‘variable’’ region

Association with antibody
variable regions

(D
2

Idiotype (mouse, man)

~

Allotype (V)
(3) Heterocliticity (‘‘fine
structure’’); mouse

(4) Framework, e.g.,
rabbit anti-mouse V
(5) Nonidiotype;
restricted determinant
(6) Genetic linkage
to Cy allotypes

V/V_ interaction (52); V (56);
complementarity determining regions (56)
Framework sequences (78) variable
D-J-C, interaction (78); rabbit
Complementarity determining regions
(56), e.g., anti-NP reacts better with NIP
than with NP
Framework sequences (79)

V4 nonidiotype, location unknown:
mouse (79), man (58—60)
Genetic linkage to C,, allotypes
(5, 56, 80)
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gion and which are not idiotypic have been
described for T-cell products of mouse and
man (57—59). Genes specifying idiotypic
T-cell variable regions have been found to
be genetically linked to allotypes of immu-
noglobulin constant regions (64—66) in a
parallel fashion to that well established for
Vu and Cy genes encoding immunoglobu-
lins.

This section, which is based upon the
serological properties of the antigen-
specific T-cell receptor, indicates that T-
cell antigen receptors possess a variable re-
gion exhibiting remarkable similarity to
antibody variable regions. However, it is
still possible that T-cell variable regions are
not identical to the V structures expressed
by antibodies. T-cell variable regions may
represent a subset of the total V pool, or
they may represent molecules similar to the
primitive variable regions in evolution,
rather than being directly homologous to
antibody Vy structures in higher species.
Moreover, although some T cells have been
shown to produce messenger RNA for the
constant region of u chain, no evidence has
yet been published describing V/D/J/CH
rearrangements in T cells (67—69).

Receptors Versus Factors. Although
antigen-specific soluble effector factors
which mediate either helper or suppressor
function might share the variable region
combining site determinants with the
antigen-specific T-cell receptor and with
the corresponding antibody, it does not
necessarily follow that the constant regions
or effector portions of the soluble mole-
cules would be identical to those of the
T-cell surface antigen receptor. By analogy
with immunoglobulins, it would be ex-
pected that the antigen-specific molecules
of T cells would represent distinct classes
(isotypes) depending upon their function.
Owen and her colleagues (64—66) have
found evidence for allotypes which appar-
ently are associated with constant regions
of T-cell-derived molecules. These form a
family of three genes; one encoding a sup-
pressor factor, one specifying a helper T-
cell product and the other encoding the
surface receptor found on immature thymic
T cells (64—66). Genetic studies have
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shown that these genes are linked to genes
specifying murine immunoglobulin constant
regions and that they map downstream
from the locus specifying Ca chains. A dif-
ference between receptors and factors has
been defined by functional analyses;
namely, recognition defined as binding of
antigen in solution is not dependent upon
the MHC background of the T cells (70),
whereas helper factors show a strong de-
pendence upon the Ia (I-A) background (23)
and some, but not all, antigen-specific sup-
pressor factors require a functional associa-
tion with products of I-J subregion (31,
71, 72).

It is useful to consider the amounts of T-
cell antigen-specific membrane receptors
and soluble factors and to compare these
quantities with other characterized mem-
brane proteins found in lymphoid cells.
Lymphocyte surface receptors usually
comprise approximately 0.1 to 1% of mem-
brane protein. This figure has been ob-
tained for histocompatibility antigens (73),
the Thy-1 alloantigen (74), and Vy-related
receptors on primate T cells (75). The
amount of a particular lymphocyte surface
receptor computes to approximately 10,000
per cell. Factors can function at extremely
small protein concentrations. For example,
the monoclonal T-cell suppressor factor spe-
cific for GAT described by Krupen et al.
(31) occurs at a calculated concentration of
only 0.013 ng per mouse. This estimate rep-
resents the amount of active idiotype-
bearing factor produced by a small fraction
of the heterogeneous murine T-cell pool.
The yield recovered from the monoclonal
hybridoma line allows an estimation of the
amount produced per cell. Krupen et al.
(31) isolated two micrograms of GAT-
specific suppressor factor from 6 liters of
culture fluid. Assuming that the cells
reached a reasonable density of 10%/ml, and,
using their molecular weight estimate of
24,000 for the specific factor, each cell on
the average is calculated to release ap-
proximately 8000 molecules. This amount is
consistent with those noted above for iso-
lation of membrane receptors and is also
congruent with previous observations that
antigen-specific T-cell receptors are ‘‘shed”’
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or released from the cell surface via a
metabolic process (76) which differs from
the secretory process carried out by acti-
vated B cells or plasma cells. By contrast, a
single plasma cell can secrete more than
one million immunoglobulin molecules
within an hour (77). These calculations il-
lustrate the difficulty inherent in obtaining
large amounts of T-cell receptor because
monoclonal T-cell lines express and release
only the same amounts of receptor which
are associated with normal T cells. The
hope of obtaining an immortalized T-cell
line secreting large quantities (comparable
to Ig secretion by plasma cells) has not yet
been realized, although numerous antigen-
specific monoclonal T-cell lines have been
generated and studied (91).

Despite the relatively low yields of T-cell
receptors and factors which can be isolated
even from monoclonal T-cell lines, a re-
markable amount of serological and molec-
ular information has been generated for
T-cell receptors and factors in recent years
as summarized in Table III. This table pre-
sents data only on T-cell products which
have been isolated by immune affinity
chromatography and characterized to some
degree by techniques such as polyacryl-
amide gel electrophoresis. The first five
listings might be classified as T-cell
surface-associated receptors which bear
either idiotypic markers or nonidiotypic V
determinants. In these five separate cases,
no MHC-associated products have been
detected on the isolated receptor, and a
common theme is evident in that molecules
of approximately the size of heavy chain
(50—70,000 d) are consistently isolated. The
remaining items in the table consist of fac-
tors which can be classified functionally as
either antigen-specific helper or suppressor
molecules which have been isolated either
from sensitized normal T cells or from T-
cell hybridomas. *‘IgT’’ helper factors have
been described in the mouse (12) and the rat
(13). The nature of the immunoglobulin-
related determinant on these molecules is
not clear, but these helper factors do not
carry MHC determinants. Other helper
T-cell factors have been shown to carry
both I-A and V-related determinants (23),
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or unspecified immunoglobulin determi-
nants such as those detected using chicken
antibodies directed against the murine u
chain (81). Lonai et al. (82) have generated
murine T-cell hybridomas producing helper
factor directed against chicken gamma-
globulin, and this factor expresses Vy
framework determinants detected using
rabbit antiserum against the V, of MOPC
315, as well as I-A-associated determinants.
A number of suppressor factors have re-
cently been described; some of these con-
sist of polypeptide chains of approximate
mass 68,000—70,000 d and lack MHC com-
ponents (84—89). On the other hand, the
68,000-d suppressor factor specific for
keyhole limpit hemocyanin which is pro-
duced by a specific T-cell hybridoma de-
scribed by Taniguchi et al. (61) apparently
consists of two subunits. One of these has
an approximate M, of 45,000 d and bears Vy
determinants whereas the other has an ap-
proximate mass of 25,000 and bears I-J
markers. Evidence indicates that these
subunits can be covalently linked by disul-
fide bonds in the ‘‘secreted’’ form, or non-
covalently associated in factors extracted
by cell lysis. The GAT-specific suppressor
factor isolated by Krupen et al. (31) con-
sists of a single chain of M, 24,000 which is
reported to carry both idiotypic and I-J
markers. Although there has been consid-
erable interest in the production and spe-
cificity of factors directed against the arso-
nate hapten because of the existence in A/J
mice of a cross-reactive idiotype, the status
of factors in this system is not clear. Both
normal sensitized T cells (25, 26) and
monoclonal T-cell hybridomas bearing the
cross-reactive idiotype have been described
(29), but confusion has resulted in regard to
the nature of factors produced. One group
reports the isolation, by affinity chromatog-
raphy on the arsonate hapten, of a single
chain molecule of mass 92,000 d which does
not express Vy or MHC determinants (90),
and another group reports the isolation of
the single chain of approximate mass 62,000
daltons which expresses both idiotype and
I-J determinants (defined using alloantisera;
29). However, the latter molecule is found
in all lymphocytes (46). In our investiga-



T-CELL ANTIGEN RECEPTORS

134

uswdely qed sulnw

92)
S92 I, [e1aydirad

0} Apoquiue u9oI1yd Yim sjoeal suLInw
osTe *(82) 00089 ‘A ureyd 3jduig 6 6 P1 Syv pajejnung
(06) 00026 “W ‘ureyd dj3ulg A TIN TIN sav (67) adArouayd
Jossaxddns
(62) 3nasjowr Jo vwoplqiy
snoynbiqn 100029 “ ureyd 3[Sulg o I PI Syv [[39-1 sulmp
uuoydodA|3 (68—L8)
1£001y3A10 S[I9° L
00089 “W ureyd d8uIg Jossaiddng TIN Aq dasys Jossaiddns suunp
AnanisussiadAy (98—8)
adA3-pakejop S[[92 L
00089 “w ureyd 3[8uig Jossarddng TIN Pa1sa) JON dNL 10 dNd 10ssasddns suunpy
(€£8) (000°00€ :000°0%1) siusuodwod (€8 ‘78) sewopliqAy
19y31y $000°0€ ‘000°‘SE S*A siuduodwiod uinqo|d [199- 1, suunu
Joulws :000‘0L—09 ‘W uauodwod tofep 1adjoH \Al| yomowely HA A uayoryd oy1vads-nY)
(1€) sewopuqAy
sio)lew (-] pue [199- L duunw
Pl SulALied 000‘vZ “M ureys s[dulg 1ossaiddng -1 adfolpt LvD LvD ay1dads-LvD
(000*S¥ “m) ureyd Sulreaq-HA
0} payul| (., pa1oenxd,,) AJud[eAod (19) ewoplqAy
-uou 10 (,,pa1a193s,,) apyInsip (000°‘ST oo} [199-1 dy1d3ds
‘W) ureys uuredq -1 ‘000°89 ‘A Jossaiddng -1 jyiomawely A HI -uadnue suunpy
(&) pauy 3pyInsIp *(000°ST ‘W) ®n (HTM)
sureyd yS11/(000°0L ) suteys Aaeay ylomawej HA Ajqeqoad uluefooway (1) s|ded L
Papuoq-apyInsip :000°081 ‘xoidde ‘v JadjoH TIN sjueuIwWINAp I payvadsun ndwiy ajoykay] 1adjay auunp
(000°ST “A) 9 *61)
sureyd Y31 (000°0S “/) sureys (pae1oosse s[[22 I 1adjay
Aaeay ‘uoneny [23) 000°0S1 ‘W 101dooay 1IN HA) adKjoip] dN asnow pazyIsusg
(09—-8¢) JueuIWIaIOp HA
@) aid£joipiuou s[]9d L
000°0L “w Jo spndad4jod 10ydasay TIN (I¥ ‘op) adKr01p] umouyup [esoyduad uewny
sureyd (85) adAjouayd
AAB3Y BWORAW urwny soyrdwe
SIWIp PIpUOq-IpY|NsIp ULIOJ ued ) Yilm pajeys JUBUIULIIIP AUl [199-1
$000°0L—000°89 “M Jo apudadAjod J10)daoay TIN HA parolsay umouyun 1Isowrep
..Surewop,, ‘000, pue -£'C
00079 ‘000°0S :PIAIISQO S*jy ‘ureyd (o1-8]) sadfjojpe AT (0D 11Pd L
opudadAjod pajejAsosL|Buou ‘a[duig J101dasay TIN (9¢65) 2dAo1p] suagnueopy 9A115B2I0[[B ISNOW
(6€ ‘8¢€) SIaWIp papuoq-apy[nsIp wioy (§) spad L
ued ‘000°0L “w Jo apndadAjod J101daoay TIN ad£jorp] suadnueo[|y A1OBAIO[[E 1By
uoneziuedio uonounyg OHN sjueuIwWIdOp HA Anoyioadg 22In0§

SYOLOV.] ANV SY40LdAITY 113D L ALv10S] 40 sT1L¥adodd ‘[1] T1dV.L



T-CELL ANTIGEN RECEPTORS

tions of an idiotype-bearing molecule
biosynthetically produced by stimulated
murine peripheral T cells, we have isolated,
under reducing conditions, a single chain of
68,000 d which also reacts with chicken
antibody directed against the Fab fragment
of murine immunoglobulin (26, 28). At this
point in time, it can only be said that the
results in the arsonate system are inconclu-
sive and further analysis of antigen binding
molecules is required, particularly because
of the report that a widely distributed
molecule of unknown function apparently
binds arsonate and expresses a cross-
reactive idiotype (46).

Evidence obtained from murine (71) and
primate systems (58, 59) indicates that a
subpopulation of normal peripheral T cells
(approximately 30% of PTL) expresses
Vy-related determinants (58, 59), and that
this subpopulation also tends to express I
region markers (71, 92). The studies sum-
marized above indicate that the capacity of
a T cell or a released molecule to combine
with antigen results from the presence of a
Vy-related component, not from the pres-
ence of an MHC marker. Because we have
at hand human and lower primate T cell
lines which express V,-related surface
components as well as HLA-Dr (the human
equivalent of Ia markers), we carried out
studies designed to determine whether or
not the I region and V 4-bearing components
existed as a functional unit on the cell sur-
face. Investigations involving direct isola-
tion of either V,-bearing (58) or HLA-Dr-
bearing components (92) indicated that
anti-Vy antibodies isolated components of
approximately 70,000 daltons, whereas
monoclonal anti-Ia isolated components of
28,000 and 32,000 d. We did not find evi-
dence for a covalent or a strong noncova-
lent association between these two compo-
nents in the form in which they are released
into the culture fluid or as they are ex-
pressed on membrane fragments. In codis-
tribution analyses using double immunoflu-
orescence, we found a lack of congruity
between HLA-Dr and V products (D. De-
Luca and J.J. Marchalonis, unpublished
observations). Although we cannot exclude
the transient association of components of
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MHC and Vy systems, we did not find any
evidence indicating a strong linkage be-
tween the two sets of surface components.

At this point in time, it is reasonable to
conclude that the antigen-specific recogni-
tion moiety on the T-cell receptor and re-
leased effector factors is a Vy-related
marker. A good deal of evidence now
suggests that this component most probably
has an intact subunit mass of 68—70,000 d.
This component binds antigen, and bears
idiotype. Evidence also indicates that it (by
itself) can bind to the surface of mac-
rophages (1), presumably by some sort of
constant region structure which can bind to
a macrophage receptor (which is analogous
to an Fc receptor). The association of V-
bearing products with MHC products in the
generation of helper or suppressor factors
appears to be involved in situations which
require cell/cell interaction, and might also
be expected to depend upon the type of
suppressor factor under consideration. For
example, helper and suppressor factors
would be expected to have different con-
stant regions adapted for their particular
effector functions, which would imply the
existence of different MHC associations
and different types of cell/cell interactions.
Furthermore, it might be expected that
primary suppressor factors (which bear
idiotype and are antigen specific) could dif-
fer from secondary suppressors (which are
anti-idiotypic) =vhich differ in their com-
bining site specificity also could differ in
MHC restrictions. This situation is analo-
gous to that of antibody heavy chains where
structurally and functionally distinct heavy
chains (e.g., y chain and € chain) can share
the same Vy structure.

Tentative Model for Receptor and Fac-
tor Structures. A number of significant is-
sues remain to be resolved regarding the
nature of T-cell receptors and factors.
Among the most prominent of these are as
follows: The valence or number of com-
bining sites of intact T-cell antigen receptor
in the absence of denaturing solvents is un-
resolved. Since the isolated T-cell factors
will neutralize hapten-derivatized bac-
teriophage, the number of combining sites
on the molecule or molecular complex must
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be at least two (93), and the size of these
isolated receptors as estimated by gel fil-
tration is approximately 150,000, a value
which would correspond to a dimer of
heavy chains. The requirement for light
chain variable regions with the T-cell re-
ceptor is unclear. Many of the antisera
directed against idiotypes or V region de-
terminants which react with T-cell receptor
structures have a strong dependence upon
the association of V; and V|, for detection
(51-53). In some cases, polypeptide chains
resembling light chains have been isolated
and partially characterized (1, 6, 14), al-
though these molecules have been shown to
be serologically distinct from standard « or
A chains (17, 94) and they usually express a
nominal molecular weight slightly higher
than that usually observed for light chains.
Third, the detailed molecular properties of
T-cell variable regions and their similarity
to immunoglobulin variable regions both at
the polypeptide and nucleic acid levels re-
mains to be established. This is a funda-
mental problem, and we will consider it in
detail below. Even though antigen-specific
T-cell products express a variable region
serologically related to Ig V4, the exact de-
gree of homology can be answered only by
detailed sequence analysis of the polypep-
tide and its gene.

Despite these questions to be resolved, a
consensus regarding the properties of the
Vy-related T-cell receptor is emerging from
characterization studies being performed in
many laboratories which were cited in
Table IIT above. In particular, there is gen-
eral agreement that T-cell receptors (and
factors) bear serologically detectable vari-
able regions and constant regions. Constant
regions apparently unique to T-cell prod-
ucts have now been detected using alloan-
tisera (64—66, 95, 96), xenoantisera (97),
and hybridoma antibodies (98) produced
against isolated T-cell products of man and
rodent species. The T-cell constant regions
are distinct from the immunoglobulin
isotypic determinants, but evidence now
exists for the presence of a family of related
isotypes of T-cell products (64—66, 95).
These will be considered in detail below. It
has recently become possible to isolate (by
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immune affinity chromatography) sufficient
quantities of T-cell products (approxi-
mately 100 ug) to allow initial molecular
characterization studies. Table IV presents
a comparison of the amino acid composi-
tions of Vrelated T-cell products isolated
from a monoclonal T-cell hybridoma pro-
ducing GAT-specific suppressor factor (31),
a long-term in vitro grown marmoset T-cell
line of amplifier phenotype (75, 99), and an
idiotype bearing murine T-cell product (30).
The molecules show an overall similarity,
particularly in acidic amino acids, basic
amino acids, and in the hydrophobic amino
acids isoleucine, leucine, tyrosine, and
phenylalanine. They are very similar in the
hydroxylic amino acid threonine.
Sufficient quantities of the V-bearing
T-cell products (receptor and certain fac-
tors) have been isolated to allow charac-
terization studies using standard tech-
niques of protein chemistry in order to
compare the structures of the T-cell
molecules with one another and with clas-
sical immunoglobulin chains. A number of
serologically and functionally characterized
fragments have recently been generated

TABLE IV. COMPARISON OF AMINO ACID
CoMPOSITIONS OF Vy-RELATED T-CELL PrRODUCTS

Residues/100 residues

Amino acid 70-N2(7) GAT-TsF? Tere
Asx 12.7 9.0 10.1
Thr 5.1 5.1 5.4
Ser 10.5 7.9 6.7
Glx 14.8 18.3 12.8
Pro 6.7 N.D. 5.0
Gly N.D 12.8 6.5
Ala 10.5 7.1 8.1
Val 6.2 5.5 6.7
Met 0.7 1.0 2.5
Ile 3.1 2.5 3.0
Leu 7.5 7.0 9.5
Tyr 2.6 4.0 3.0
Phe 34 33 4.2
His 3.2 2.5 32
Lys 8.5 7.4 7.4
Arg 4.7 6.6 3.6

e Data of J. J. Marchalonis, J. C. Maxwell, and C. Schwabe
(unpublished observations) for V-related product of the in
vitro marmoset amplifier T-cell 70-N2.

b Data of Krupen et al. (31) for GAT-specific suppressor
factor from murine T-cell hybridoma.

¢ Data of Rubin et al. (30) for the idiotype-bearing allo-
specific murine T-cell receptor.
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(30, 39, 75, 86, 89) by cleavage with specific
proteolytic enzymes or with CNBr. Figure
1 presents data from this laboratory show-
ing the intact 68,000-d product of a human
T-cell line YT4E (Fig. 1A, lane 1) and the
cleavage products generated by tryptic
proteolysis of this T-cell product (Fig. 1B,
lane 1) and of the corresponding product of
the amplifier T-cell line 70-N2 (Fig. 1B, lane
2). Major fragments in the range 20—25,000
d are generated as is a major fragment of
approximate mass 45—47,000 d. In addi-
tion, a number of higher-molecular-weight
fragments are observed. The fragments in
the molecular weight range 20—25,000 d
react with antisera directed against V; de-
terminants; the major fragment of approxi-
mate mass 45,000 d is not precipitated by

B 67

FiG. 1. Analysis by polyacrylamide gel electropho-
resis under reducing conditions of intact (A) V-
associated T-cell product and fragments produced by
tryptic proteolysis of the molecule (B). (A) Lane 1: the
68,000-d component produced by the human in vitro
grown T-cell leukemia line YT4E. This component
was isolated from formic acid-solubilized membrane
preparations by immune affinity chromatography
using goat antisera directed against the Fab monomer
fragment of a human IgM myeloma protein. Lane 2:
molecular weight standards having masses as indicated
on the gel. (B) Lane 1: tryptic fragments of the
68,000-d V-related product of the human T-cell
lymphoma line YT4E. Lane 2: tryptic fragments of the
68,000-d Vy-related molecule produced by the mar-
moset in vitro T leukemia line of amplifier phenotype
70-N2. V-related products were isolated and digested
as described in ref. (75).
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anti-Vy reagents. These Vy-related prod-
ucts of two separate T-cell lines are
serologically related, but are not identical
to one another. In addition (Fig. 1B), their
tryptic fragments give similar but not iden-
tical patterns. Our data and those recently
generated by other laboratories (30, 39, 86,
89) are summarized in Fig. 2 which gives a
schematic diagram illustrating observed
fragments of Vy bearing T-cell receptors.
The 7 chain undergoes a fragmentation
pattern which indicates the presence of
domains of approximate mass 12,000 d (30,
75). A V,-bearing fragment (of approxi-
mately 24,000 d) comparable to an Fd frag-
ment of heavy chain has been observed
(75), as has a fragment of about 45—47,000
d (75, 89) which expresses effector func-
tions similar to that shown by the Fc frag-
ment of heavy chains (89). Notably, the
Fc-like fragment of suppressor factors ap-
parently expresses nonspecific suppressor
activities (89). In addition, by following
cleavage using CNBr with immune affinity
chromatography it has been possible to
isolate an antigenic fragment of approxi-
mate mass 12,000 d which most probably
corresponds to the T-cell heavy (7) chain
variable region (75). In the cases which
have been studied, the isolated = chains
have had blocked N-terminuses (1, 30, 75),
a result which might indicate some relation-
ship to either the VI or V,4II subgroups of
heavy chains. Rubin reports that his murine
idiotype bearing T-cell receptor lacks
detectable carbohydrate (30), but this
question has to be resolved for other T-cell
receptors and factors. Using papain diges-
tion, we (J. C. Hunt, J. J. Marchalonis, un-
published observations) have recently iso-
lated a fragment of approximate mass 7800
d which is hydrophobic, as assessed by
elution behavior from reverse phase col-
umns (by high-performance liquid chro-
matography) and amino acid composition
analysis. This peptide reacts with antisera
directed against Fab region and V region
determinants. It is possible that this frag-
ment represents the disulfide-bonded loop
of the variable region, and studies are in
progress to establish its identity. The
structure illustrated here is based upon



138

T-CELL ANTIGEN RECEPTORS

OBSERVED FRAGMENTS OF Vi -BEARING T CELL RECEPTORS

(68.000 - 70000d)

Cr

vr

Vau

INTACT N |

Cleavage Products of
Proteclytic Enzymes

V1 besring tragments

{trypsin, plasmin,
pepsin, papain)

“Fdy"  (24,000¢)
NN !

vr
P —T T
(12.0004)

Cleavage by CNBr

Fep®

(45.0004)

F1G. 2. Schematic diagram illustrating the proposed domain structure of V ,-bearing T-cell receptors
and the organization of observed antigenic and functional fragments produced by proteolysis or chemi-
cal cleavage. This diagram pertains only to the V,-bearing, non-MHC chain. It is likely that I-region
products can be associated as separate chains with molecules of this nature in the formation of active
factors or a possible recognition/activation complex on the cell surface. Documentation regarding

these fragments is given in the text.

studies of receptors and the suppressor
factors which are of approximate mass
68—70,000 d and lack strongly associated
MHC products. It is possible that either I-A
or I-J region products are associated with
functional T-cell factors either as a second
polypeptide associated through noncova-
lent linkage or through disulfide bonds. It is
frequently found that products of separate
chromosomes can form noncovalent mul-
timers (hemoglobins) or disulfide-bonded
assemblies (immunoglobulins). However,
the question of a single polypeptide (31) ex-
pressing both MHC-associated regions
(chromosome 6 in man) and immunoglob-
ulin-associated regions (Vy; chromosome
14 in man) is a most interesting and unique
one and requires further detailed analysis.

Possible Relationships between T-Cell
Receptor and Immunoglobulin Genes.
Although the serological data marshalled
above on idiotypes and other Vy markers in-
dicates that antigen-specific T-cell recep-
tors possess a combining site region show-
ing remarkable similarity to immunoglobu-
lin variable regions (Tables I and II above),
a paradox remains because no definitive
reports have yet appeared which establish
that T cells possess genes consisting of
rearranged Vy, D, J, and immunoglobulin
CH regions (67 —69). It is now generally ac-

cepted that T cells do not express standard
immunoglobulin heavy chain constant re-
gion isotypes, but it might intuitively be ex-
pected that the heavy chain expressed by T
cells would show the same sort of Vi, D, J,
C rearrangement that immunoglobulins do.
This arrangement has not been demon-
strated, and it may be that either the V -like
products of T cells are not encoded by im-
munoglobulin Vy genes, or that a different
arrangement or type of rearrangement has
occurred in the generation of T-cell prod-
ucts. One important result of the serological
studies which should be stressed here is
that there are indications that the repertoire
of Vy structures expressed by T cells most
probably represents a subset of the total Vi
population (35, 36), J, J. Marchalonis, J. C.
Hunt, G. R. Vasta, A. C. Wang, unpub-
lished observations). An important series of
recent experiments directly germane to this
question revealed constant region allotypes
on products of T suppressor cells (64, 96), T
helper cells (65, 96), and on T-cell primitive
receptors (66). Owen and her colleagues
have described a series of alleles for T-cell
markers which map downstream from the
C, locus of the immunoglobulin chain clus-
ter. Furthermore, Tokuhisa and Taniguchi
(96) have also recently described two dis-
tinct allotypic determinants on the antigen-



T-CELL ANTIGEN RECEPTORS

specific suppressor and enhancing T-cell
factors that are encoded by genes linked
to the immunoglobulin heavy chain locus.
Figure 3 presents a hypothetical model
that delineates alternatives which might
account for the observed observations.
It has been proposed that the constant
region of the T-cell receptor heavy chain,
the 7 chain, might be very similar to the
primitive heavy chain in immunoglobulin
evolution (1, 100) and therefore the C,
gene might be located between the V
cluster and the group of D genes. This loca-
tion (position I), with either a different set
of D-like or J-like genes or a lack of them,
would account for present observations
that V, D, J, and C rearrangements have not
been found in T cells. Another major site on
the immunoglobulin heavy chain chromo-
some for the location of T-cell receptor
genes is shown in position II which follows
from the studies of Owen and her col-
laborators (64—66). The constant regions of
the suppressor, amplifier, and thymocyte
antigen receptor are located to the right
of the standard immunoglobulin isotype
genes. This arrangement has been ques-
tioned because, if standard V, D, J, and C
rearrangement occurred within the T cells,
it would be predicted that the entire collec-
tion of immunoglobulin constant region genes

@ g H

r 9
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would be deleted in T-cell maturation. This
is not the case; in fact, T cells have Cu
genes (101). It is possible, however, that a
subset of V, genes was duplicated and
translocated to a position between the stan-
dard C, genes and the C, cluster. Because
of the enormous interest and the vigor of
the attack on the genetic location of T-cell
receptor genes, it is anticipated that the
exact solution to this problem will be found
in the near future.

Conclusions. The problem of the molec-
ular nature of the T-cell receptor for antigen
is one of the major unresolved issues in
contemporary immunology. A consensus is
developing regarding the existence of rec-
ognition structures related to immunoglob-
ulin heavy chain variable regions on the
surface of certain functional T cells and on
many of the properties of isolated receptor
(and factor) structures. A molecule of ap-
proximate subunit mass 68,000 d has been
isolated from certain primate and rodent T
cells and has been subjected to controlled
proteolysis using various proteolytic en-
zymes and standard chemical cleavage
methods. This molecule can be degraded
into a major fragment of M, 24,000, which
bears the Vi determinant and binds anti-
gen, and to a fragment of approximate mass
45—47,000 d which lacks V4 determinants

FiG. 3. Hypothetical model depicting possible arrangements of T-cell receptor variable and constant
region genes within the immunoglobulin heavy chain gene cluster. The constant region of the T-cell
heavy chain is designated C,. The markers Tg,?, T, and Ty,q are the T-cell allotypic constant region
markers defined by Owen and her colleagues (64—66). I (?) and II (?) indicate possible positions at

which the C, genes can be located.
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and carries out nonspecific effector func-
tions. In addition, larger V-bearing frag-
ments as well as subfragments of the V
have been isolated and partially charac-
terized. Although this molecule does not
share constant region determinants with
immunoglobulin heavy chains, the present
data suggest that the molecule resembles
heavy chains in being formed of domains of
approximate mass 12,000 d. Genetic map-
ping studies indicate that the Vy structure
associated with T-cell receptors maps with
immunoglobulin V,;, although the genes en-
coding T-cell V structures most probably
represent a subset of the total V, pool
available to immunoglobulin heavy chains.
It is also possible that the T-cell variable re-
gions and constant regions represent direct
lineal descendants of primitive immuno-
globulins in evolution and, therefore, would
show a closer sequence homology to im-
munoglobulins of lower vertebrates rather
than to those of man and rodents. Further
amino acid sequence data and nucleic acid
sequence data are required to test this hy-
pothesis. The T-cell receptor molecule ap-
parently possesses a blocked N-terminus.
Although amino acid compositions have
now been obtained for three Vy-bearing
T-cell molecules, amino acid sequence data
are lacking. Major issues which remain to
be resolved are the direct demonstration
using nucleic acid probes that the T-cell V4
genes lie within the immunoglobulin Vy
cluster and the location of the constant re-
gion genes of the antigen-specific T-cell re-
ceptor. The genes that specify the factors
likewise remain to be precisely mapped,
although it is likely that antigen-specific re-
ceptors and factors share the same V pool.

One of the major features which is often
taken to distinguish ‘‘recognition of anti-
gen’’ by T cells from that of antibodies and
B cells is that the T-cell recognition process
is usually considered to show restrictions
imposed by the major histocompatibility
complex whereas antibodies show no such
constraints. Based upon the MHC restric-
tion in T-cell recognition, it has been pro-
posed that T cells either express one sur-
face receptor capable of recognizing both
MHC products and nominal antigens (single
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receptor), or two distinct receptors (dual
recognition hypothesis), one recognizing
antigen and the other recognizing MHC
products. Antigen-specific T-cell hybrid-
omas expressing two specificities for nom-
inal antigen and two MHC backgrounds
have been constructed in the attempt to
determine whether or not Vy and MHC
products assort independently in T-cell
function (102, 103). The present results
are inconclusive, however, because one
group finds conjunct association (102), but
the other provides evidence of indepen-
dent functional distribution suggesting dual
recognition (103). The molecular data re-
viewed here suggest that the Vy-bearing/
non-MHC-associated structure most prob-
ably binds antigen on the cell surface and is
the antigen recognition unit in T-cell fac-
tors, whereas an association between this
molecule and I-A- or I-J-specified products
might be required for the production of ac-
tive factors involved in cell/cell interac-
tions. Substantial progress has been made
in the molecular characterization of the elu-
sive T-cell antigen receptor, although a
formidable task remains in determining the
exact mechanisms of antigen-driven activa-
tion of T cells and cell/cell collaboration.
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