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Thymus-derived cells were first shown in birds to be a separate lineage of
antigen-specific lymphocytes that do not produce immunoglobulins (1) . The
nature of the TCR has since been defined in mammals. The TCR expressed by
most T cells in mice and humans is a heterodimer of a and ,B glycoprotein chains
(2-4) . A second TCR, composed of y and b chains, has recently been identified
on a low percentage of thymocytes and peripheral T cells in mice and humans
(5-11) . The y chain genes are rearranged and expressed before the a and a
chain genes during murine thymic ontogeny (9, 10, 12-14), suggesting a role
for the y/b receptor in T cell development .
Both the TCR-a/0 and -y/b are physically associated with three or more cell

surface proteins to form a TCR/T3 complex in mammals (5, 8, 15, 16) . mAbs
to the mammalian T3 molecules, called cluster-determinant 3 (CD3), can thus
be used to immunoprecipitate the entire TCR/T3 complex when the cell surface
proteins are solubilized with a relatively mild detergent such as digitonin (16) .
In an earlier study, we described a mAb (CT3) to chicken T3 molecules and
used it to identify an associated TCR heterodimer (17) . We have since produced
mAbs to chicken CD4 and CD8 homologues (CT4 and CT8; reference 18) . In
this report we describe an antibody named TCR1 that identifies a T3-associated
heterodimer that resembles the mammalian TCR-y/b .
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Materials and Methods
Chickens.

	

Outbred white Leghorn chickens and fertile eggs were obtained from local
commercial hatcheries .

Lymphocyte Isolation and Analysis .

	

Mononuclear white blood cells were isolated by low
speed centrifugation of heparinized blood samples . Thymus, spleen, and bursa were
physically disrupted using a loose-fitting glass homogenizer and the cells were suspended
in HBSS supplemented with 5% FCS and 0.1 % NaN_3 . For indirect immunofluorescence
staining, 1-2 x 10' viable cells were incubated with the TCR 1 hybridoma supernatant or
a control mouse antibody of irrelevant specificity, washed, then incubated with FITC-
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Results

' Abbreviation used in this paper:

	

PE, phycoerythrin .

FIGURE 1 . Tissue distribution of
TCR1-reactive cells . Indirect immuno-
fluorescence of viable cells with the
TCR 1 antibody (solid lines) and a control
antibody of the same isotype (dashed
lines) .

goat anti-mouse Ig antibody (Southern Biotechnology Associates, Inc ., Birmingham, AL) .
Antibodies used in fluorochrome conjugations were purified by chromatography on
protein A-agarose columns (Genzyme, Boston, MA; reference 19). Conjugation of phy-
coerythrin (PE)' to the TCR1 and CT3 mAbs was performed by Southern Biotechnology
Associates, Inc ., and the conjugation of FITC to TCR1 was as described (20) . Relative
fluorescence intensities were measured by automated flow cytometry using a FACS IV
instrument (Becton-Dickinson Immunocytometry Systems, Mountain View, CA) equipped
with a 2-W argon laser . Lymphocyte incorporation of ['Hlthymidine was evaluated as
described (17) .

Biochemical Analysis of Cell Surface Antigens .

	

Viable lymphocytes were surface labeled
with Na "5 I using the lactoperoxidase method, and cell surface proteins solubilized in
either 0 .5% NP-40 lysing buffer (21) or 1% digitonin lysing buffer (16) were examined
by the solid-phase immunoisolation technique (21) . Immunoadsorbed molecules were
eluted with 2% SDS with or without 2-ME and separated on 10% SDS gels . Digestion
with N-glycosidase F (Genzyme) was done according to the method of Tarentino et al .
(22) .

Tissue Distribution of TCR1+ Cells.

	

The TCR 1 hybridoma was made by fusing
a plasmacytoma variant (23) with lymph node cells from a BALB/c mouse
immunized with thymocytes and Ig-negative blood lymphocytes from outbred
chickens . The antibody reacted by indirect immunofluorescence with a subpop-
ulation of Ig-negative lymphocytes . In tissues from adult chickens, TCR1 reacted
with -10% of thymocytes, 15% of circulating lymphocytes, 25% of spleen cells,
and <1% of bursal and bone marrow cells (Fig . 1) . TCR 1 was unreactive with
granulocytes, erythrocytes, platelets, macrophages, B cells, and 11 T cell lines
derived from birds with Marek's disease .
Biochemical Characteristics of the TCR1 Antigen.

	

The TCR1 molecule was
analyzed by immunoprecipitation of surface 115I-labeled blood mononuclear cells
and electrophoretic migration in SDS polyacrylamide gels . From nonreduced
samples of NP-40-solubilized cells, the TCR1 antibody precipitated a single
broad band with anMr of 90,000 (Fig . 2, lane e) . After reduction, two bands of
50,000 and 40,000 M,. were seen (lane h) . This pattern was similar to that for
TCR molecules coprecipitated with the CT3 antibody from digitonin-solubilized
cells (lanes c and g) . The T3 complex, precipitated alone from NP-40 lysates, is
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FIGURE 2 .

	

Biochemical analysis of TCRI-
and CT3-reactive molecules . Mononuclear
white blood cells were surface labeled with
Na 1211 and then solubilized in either 0.5%
NP-40 lysing buffer (lanes b, e, f, and h) or
1 % digitonin lysing buffer (lanes a, c, d, and
g) . Molecules isolated by immunoadsorption
were separated on 10% SDS gels . Relative
molecular masses of standards (X 10') are
indicated on the left of each gel pattern .

shown in lane b . When TCR1 was used in immunoprecipitation of digitonin-
solubilized cells, the T3 complex coprecipitated with the TCR1 reactive mole-
cules (lane d) suggesting a physical association of T3 and TCR1 . To test this
possibility, sequential immunoprecipitations of digitonin-solubilized proteins
were performed . The TCR1 antibody did not precipitate any material from cell
lysates cleared previously with the CT3 antibody, while lysates cleared first of
TCR1 reactive molecules retained material with an Mr of 90,000 that could be
precipitated with the CT3 antibody, representing other TCR molecules (data
not shown) . These results, and identical results obtained with thymocytes, sug-
gested that the TCR1 molecules are T3-associated heterodimers which are
expressed on a subpopulation of CT3+ lymphocytes.
To determine if the protein backbones of the molecules reactive with TCR1

are the same as those of most CT3-associated receptors, we performed N-
glycosidase F digestions of TCR1 and CT3 immunoprecipitates. After deglyco-
sylation, two polypeptides of 35,000 and 32,000 M, were resolved from TCR1
immunoprecipitates (Fig . 3, lane b), whereas CT3 immunoprecipitates yielded
major deglycosylated proteins of 34,000 and 29,000 M,. (Fig . 3, lane f) with
deglycosylated proteins of M, 35,000 and 32,000 being minority elements visible
on original autoradiographs. The results indicated that the TCR1 antibody
recognizes a different heterodimer than the TCR heterodimer present on the
majority of chicken T cells .
Immunophenotype of TCR1+ Cells.

	

Ty/S cells in humans and mice characteris-
tically lack the CD4 and CD8 surface markers (5, 8, 11, 24). TCR1 + cells were
therefore examined by two-color immunofluorescence with the mAbs TCR1,
CT3, CT4, and CT8. As expected from the preceding data, the TCR1+ cells
expressed the CT3 antigen (Fig . 4A). While all of the CT4+ and CT8' cells also
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FIGURE 3 .

	

Deglycosylation ofCT3 and TCRI immunopre-
cipitates . CT3 immunoprecipitates from surface ' 25 1-labeled
and digitonin solubilized cells (lanes e and f) and TCRI
immunoprecipitates from NP-40 solubilized cells (lanes a and
b) or the control samples (lanes c and d) were treated with N-
glycosidase F (lanes b, d, and f), then separated by SDS-
PAGE under reducing conditions. The undigested samples
were run in parallel (lanes a, c, and e).

expressed CT3, a subpopulation of CT3+ cells were CT4-,CT8- (Fig . 4B), and
these cells were TCR1 + (Fig . 4C). The frequency of CT3+ cells (85 ± 5%; mean
± 1 SD) among blood lymphoid cells was equal to the sum of the frequencies of
CT4+ (49 ± 12%), CT8+ (19 ± 5%), and TCRI+ (16 ± 6%) cells, a further
indication that the CT4, CT8, and TCR1 molecules mark discrete T cell
subpopulations .
Ontogeny of TCRI+ Cells .

	

Ontogenetic studies revealed expression of TCRI
on a small percentage of thymocytes by embryonic day 1 I (Fig . 5A). The TCRI +
thymocytes increased to "̂30% by embryonic day 15, then declined to "̂5% by
hatching . The TCRI+,CT3+ thymocytes, which were CT4-,CT8-, gradually
increased in frequency after hatching to reach an adult level of ^-10% .
TCRI -,CT3+ thymocytes appeared after embryonic day 15 then quickly in-
creased to greatly exceed the level of TCRI +,CT3+ thymocytes (Fig . 5, A and
B) . TCRI + and CT3+ lymphocytes were infrequent in the spleens of embryos
(Fig . 5A). Splenic population with CT3+ cells was initiated around the time of
hatching, and adult levels were acquired over the first weeks of life .
Immunofluorescence analysis indicated that the first embryonic wave of intra-

thymic T cells express TCRI and CT3 at cell surface levels comparable to those
characteristic of mature T cells (compare Figs. 1 and 5B). By contrast, the CT3
levels on the TCRI - population of thymocytes were relatively low, a pattern of
expression noted in the development of discrete subsets of TCR+-a/0 cells in
mice (24-26).

Signal Transduction by the TCR1/T3 Complex.

	

Thecapacity of TCRI + cells to
proliferate in response to cross-linkage of their receptors was examined using
CT3 and TCRI antibodies conjugated to Sepharose 4B beads (17) . Each immo-
bilized antibody was capable ofstimulating DNA synthesis in a TCR1 + population
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FIGURE 4. Two-color immunofluorescence
ofmononuclear white blood cells . (A) Cells were
stained directly with fluorescein-conjugated
TCRI antibody, and then with PE-conjugated
CT3. (B) Cells were indirectly stained with the
CT4 and CT8 antibodies followed by fluores-
cein-conjugated goat anti-mouse Ig, then di-
rectly stained with PE-conjugated CT3 . (C)
Cells were stained indirectly with the CT4 and
CTS antibodies and then directly with PE-con-
jugated TCRI antibody .

of blood lymphocytes depleted of IgM+, CT4+, and CT8' cells by a FACS. TCR1
induced a 15-fold increase in [sH]thymidine uptake (5,212 cpm, mean value) on
the third day of culture, while CT3 induced a 25-fold increase (8,929 cpm) over
control values (356 cpm) .

Discussion
The data indicate that the TCR1 antibody identifies a cell surface heterodimer

associated with CT3 molecules that together can serve as a signal-transducing
receptor complex. This T cell heterodimer appears to be the avian homologue
of the mammalian TCR-y/S since (a) its polypeptide chain cores differ in M,.
from those of CT3-associated heterodimers on most chicken Tcells, and resemble
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FIGURE 5.

	

(A) Ontogeny of TCRI' (0) and
CT3' (40) thymocytes and splenic cells analyzed
by cell surface immunofluorescence . (B) Com-
parison of FACS profiles of thymocytes stained
with TCRI (-), CT3 (- - - -), or a control
antibody (-)at different times during devel-
opment . Cell pools derived from at least three
embryos were used for each time point during
the embryonic period, and cells from one
chicken for each point after hatching .

murine TCR-7/S polypeptides (8-10) ; (6) TCRI is the receptor used by the first
embryonic wave of T cells; and (c) TCR1 is expressed by a discrete subpopulation
of circulating Tcells lacking both CT4 andCT8 molecules. While this conclusion
will require confirmation at primary protein structural and gene levels, the
information revealed by this unique panel of mAbs suggests remarkable conser-
vation of the developmental pattern ofT cell subpopulations and their receptors
in birds and mammals.
The full flowering of the TCR1/CT3 complex on the cell surface of the very

earliest T cells identifiable in the embryonic thymus is an unexpected observation
with possible functional implications . Because TCRI+ cells could not be found
elsewhere in chick embryos of this age, we assume that they are generated in the
thymic microenvironment from lymphoid progenitors that migrated into the
epithelial anlagen several days earlier (27) .
The size of the TCRI +,CT3+ subpopulation is surprisingly large. ^-20% of

circulating T cells and 30% of splenic T cells exhibit this phenotype in the adult
chicken suggesting that the 'y/S T cell subpopulation may play a very important
role in the development and function of the immune system in birds .
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Unresolved questions about the functions and lineal relationships of the a/(3
and .y/b subpopulations of T cells should be amenable to analysis with the TCR 1
antibody .

Summary
This report describes an avian TCR molecule, TCR 1, whose molecular char-

acteristics, signal-transducing property, and tissue distribution suggest that it is
a homologue of the mammalian TCR-,y/b . TCR1 + cells are the first to be
generated in the thymus during ontogeny, preceding other T3+ cells by ^-3 d .
Unlike their mammalian counterpart, TCR1' cells constitute a relatively large
subpopulation of peripheral T cells in mature chickens . These results suggest a
phylogenetically important role for this receptor in T cell development and
function .

We thank Dr. G. L . Gartland for help with FACS analysis, Mr . J . C . Pittman for technical
assistance, and Ms. E . A . Brookshire and Ms . M. Aycock for help in preparing the
manuscript and illustrations .

Receivedfor publication 28 September 1987.

References
1 . Cooper, M . D., R . D . A. Peterson, M. A . South, and R . A . Good . 1966 . The functions

of the thymus system and the bursa system in the chicken . J. Exp. Med . 123 :75 .
2 . Allison, J . P ., B . W . McIntyre, and D . Bloch . 1982 . Tumor-specific antigen of murine
T lymphoma defined with monoclonal antibody . J . Immunol . 129:2293 .

3 . Meuer, S . C ., K . A . Fitzgerald, R . E. Hussey, J . C . Hodgdon, S . F . Schlossman, and
E . L . Reinherz . 1983 . Clonotypic structures involved in antigen-specific human T
cell function . Relationship to the T3 molecular complex .J. Exp . Med . 157 :705 .

4 . Haskins, K., R . Kubo, J . White, M. Pigeon, J . Kappler, and P . Marrack. 1983 . The
major histocompatibility complex-restricted antigen-receptor on T cells . 1 . Isolation
with a monoclonal antibody . J. Exp . Med . 157 :1149 .

5 . Brenner, M . B.,J . McLean, D. P . Dialynas, J . L . Strominger, J . A . Smith, F . L . Owen,
J . G . Seidman, S . Ip, F . Rosen, and M. S . Krangel . 1986 . Identificatio n of a putative
second T-cell receptor . Nature (Loud .) . 322:145 .

6 . Bank, I ., A . DePinho, M. B . Brenner, J . Cassimeris, F . W. Alt, and L . Chess . 1986 .
A functional T3 molecule associated with a novel heterodimer on the surface of
immature human thymocytes . Nature (Lond.) . 322:179 .

7 . Weiss, A., M. Newton, and D . Crommie . 1986 . Expression of T3 in association with
a molecule distinct from the T cell antigen receptor heterodimer. Proc . Natl . Acad .
Sci . USA . 83 :6998 .

8 . Lew, A. M., D . M . Pardoll, W. L . Maloy, B . J . Fowlkes, A . Kruisbeek, S.-F . Cheng,
R . N . Germain, J . A . Bluestone, R. H . Schwartz, and J . E . Coligan . 1986 . Character-
ization of T cell receptor gamma chain expression in a subset of murine thymocytes .
Science (Wash. DC) . 234:1401 .

9 . Nakanishi, N., K . Maeda, K.-I . Ito, M . Heller, and S . Tonegawa . 1987 . T-y protein
is expressed on murine fetal thymocytes as a disulphide-linked heterodimer . Nature
(Lond .) . 325:720 .

10 . Pardoll, D . M ., B . J . Fowlkes, J . A . Bluestone, A . Kruisbeek, W . L . Maloy, J . E .
Coligan, and R . H . Schwartz . 1987 . Differentia l expression of two distinct T-cell
receptors during thymocyte development . Nature (Lond.) . 326:79 .



322

	

AVIAN Ty/b RECEPTOR

11 . Lanier, L . L ., N . A . Federspiel, J . J . Ruitenberg, J . H. Phillips, J. P . Allison, D.
Littman, and A. Weiss . 1987 . The T cell antigen receptor complex expressed on
normal peripheral blood CD4-,CD8- T lymphocytes : a CD3-associated disulfide-
linked 7-chain heterodimer . J. Fxp. Med. 165:1076 .

12 . Raulet, D . H., R . D . Garman, H . Saito, and S . Tonegawa . 1985 . Developmental
regulation of T-cell receptor gene expression . Nature (Land.) . 314 :103 .

13 . Snodgrass, H . R ., Z . Dembic, M. Steinmetz, and H . von Boehmer. 1985 . Expression
of T-cell antigen receptor genes during fetal development in the thymus. Nature
(Lond. ) . 315 :232 .

14 . Haars, R., M . Kronenberg, W. M. Gallatin, I . L . Weissman, F . L . Owen, and L .
Hood . 1986 . Rearrangement and expression of T cell antigen receptor and y genes
during thymic development . .). Exp . Med. 164 :1 .

15 . Oettgen, H. C., J . Kappler, W. J . M . Tax, and C . Terhorst . 1984 . Characterization
of the two heavy chains of the T3 complex on the surface of human T lymphocytes .
J. Biol . Chem. 259:12039 .

16 . Oettgen, H. C., C . L . Petty, and C . Terhorst . 1986 . A T3-like protein complex
associated with the antigen receptor on murine T cells . Nature (Lond.) . 320:272 .

17 . Chen, C.-L . H., L . L . Ager, G. L . Gartland, and M. D. Cooper. 1986 . Identificatio n
ofa T3/T cell receptor complex in chickens.) . Exp . Med. 164:375 .

18 . Chan, M. M., C .-L . H . Chen, L. L . Ager, and M. D . Cooper . 1987 . Identificatio n of
the avian CD4 and CD8 homologues . Fed . Proc . 46 :449 .

19 . Ey, P . L ., J . Prose, and C . Jenkin . 1978 . Isolation of pure IgG,, IgG1 , and IgG2, >
immunoglobulins from mouse serum using protein-A Sepharose . Immunochemistry.
15:429 .

20 . Kincade, P . M., and M . D . Cooper . 1971 . Development and distribution of immu-
noglobulin-containing cells in the chicken : an immunofluorescent analysis using
purified antibodies to A, -1 and light chains . J. Immunol. 106:371 .

21 . Chen, C.-L . H., T . C . Chanh, and M. D . Cooper . 1984 . Chicken thymocyte-specific
antigen identified by monoclonal antibodies : ontogeny, tissue distribution and bio-
chemical characterization . Eur. J. Immunol . 14 :385 .

22 . Tarentino, A. L ., C . M . Gomez, and T. H . Plummer . 1985 . Deglycosylatio n of
asparagine-linked glycans by peptide : N-glycosidase F . Biochemistry. 24:4665 .

23 . Kearney, J . F . 1984 . Hybridomas and monoclonal antibodies. In Fundamental Im-
munology, W. E . Paul, editor. Raven Press, New York . 751-766.

24 . Bluestone, J ., D . Pardoll, S . O . Sharrow, and B . J . Fowlkes. 1987 . Characterizatio n
ofmurine thymocytes with CD3-associated T-cell receptor structures . Nature (Lond.) .
326:82 .

25 . Born, W., M . M. McDuffie, N . Roehm, E. Kushnir, J . White, D . Thorpe, J . Stefano,
J . Kappler, and P . Marrack . 1987 . Expression and role of the T cell receptor in early
thymocyte differentiation in vitro . J. Immunol . 138 :999 .

26 . Kappler, J . W., N . Roehm, and P. Marrack . 1987 . T cell tolerance by clonal
elimination in the thymus . Cell. 49:273 .

27 . Jotereau, F . V ., and N. M . LeDouarin . 1982 . Demonstration of a cyclic renewal of
the lymphocyte precursor cells in the quail thymus during embryonic and perinatal
life . J . Immunol. 129 :1869 .


