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Part of the controversy that for many years has complicated studies of the
biochemistry and genetics of the T cell receptor for antigen has centered on
persistent reports that the gene or genes encoding it are closely linked to the
immunoglobulin heavy chain locus (IgH) on chromosome 12 of the mouse (1-4)
or the major histocompatibility complex (MHC)' on chromosome 17 of the
mouse (5, 6). The linkage to IgH is supported by data indicating that some
antiidiotypic antisera can induce T cell specific responses (1-4) or, more recently,
that serological determinants specific to different subsets of T cells map very
closely to the IgH locus (7, 8). The genes for the latter surface markers have
been referred to as “C,” and postulated to encode receptor constant region
determinants (7, 8). In addition, the linkage to IgH coincided with the prevailing
view that T cell recognition was closely related to that of B cells and that the
requirements for diversity are so similar that the formation of the T cell receptor
must involve at least a portion of an Ig locus, in particular the large repertoire
of variable region genes. Repeated attempts to detect receptor mRNAs using Ig
probes have not been successful (9-13), however, suggesting that the T cell
complex is encoded independently of the Ig genes. Evidence supporting the
existence of an antigen-binding receptor on suppressor T cells has included the
mapping of a determinant on the putative I-] molecule to the MHC locus of
chromosome 17 (5, 6). However, recent studies (14-16) analyzing the I-J locus
have virtually excluded the possibility that the MHC encodes a portion of a
receptor molecule. Somatic cell genetic experiments using allele-specific chro-
mosome markers have further appeared to rule out the involvement of any of
the Ig- or MHC-bearing chromosomes; one study using Robertsonian fusions
(17) argued against chromosomes 6, 16, and 17, which encode the kappa light
chain locus (18, 19), lambda light chain (20), and the MHC locus (21), respec-
tively, and another using restriction polymorphism mapping (22) argued against
chromosome 12, which encodes the IgH locus (19, 23).

The development of monoclonal antibodies specific to clones of T cells which
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' Abbreviations used in this paper: C region, constant region; ] region, joining region; MHC, major
histocompatibility complex; V region, variable region.
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can block or stimulate T cell activation has made possible direct biochemical
studies of the murine (24-26) and human (27) receptors. This work shows the
receptor in both species to be a disulfide-linked heterodimer, with the « and 8
chains each being between 40 and 50 kD in size. Recently, Hedrick et al. (28,
29) isolated a T cell-specific murine cDNA clone from antigen-specific T helper
hybridomas which exhibits variable (V), joining (J), and constant (C) region
elements with substantial evolutionary homology to Ig (20~40% of the amino
acid sequence). At the same time, Yanagi et al. (30) reported the isolation of a
c¢DNA clone that appears to encode the human equivalent of this chain. The
human ¢cDNA clone and, by analogy, the mouse gene as well appear to correspond
to the beta chain of the receptor molecule (31). The murine gene is almost
invariably rearranged in T cell lines and hybridomas derived from helper and
cytotoxic T cells, but not in most suppressor cell hybrids (28).% Antisera raised
against a ] region element effectively blocks IL-2 production by antigen-specific
T helper hybrids.> DNA sequence analysis of the murine gene (32, 33) indicates
that the organization of the gene segments and the pattern of rearrangement is
very similar to that of Ig, even to the size of the V, D, and ] region elements and
to the presence of seven and nine nucleotide sequences thought to mediate
rearrangement in Ig genes (as reviewed in 34).

Given the availability of probes for this gene, it becomes possible to directly
determine to which chromosome this chain for the receptor maps and to resolve
at least part of the controversy surrounding this molecule. The chromosome
mapping presented here was accomplished using somatic cell hybrids formed
from the fusion of mouse and Chinese hamster cells. Such hybrids have been
widely used for mapping studies. By correlating lanes positive for hybridization
with the presence of specific chromosomes, one can identify the chromosome on
which a particular gene is located (for review, see 35).

Materials and Methods

Somatic cell hybrids were formed between E36 (a Chinese hamster cell line) and various
primary mouse cells or mouse cell lines described before (18, 20, 36-38). These lines are
listed in Table I. The murine chromosomes in each hybrid were ascertained by chromo-
some analysis and isoenzyme characterization. The DNA isolated from each hybrid was
digested with HindllI restriction enzyme, electrophoresed on agarose, and transferred
onto nitrocellulose by the method of Southern (as described in 39).

The T cell receptor gene probe used was 86T5, a 600 nucleotide murine cDNA
fragment obtained from a thymocyte cDNA library and containing principally C region
sequences (29). 86C3, a 700 nucleotide murine DNA fragment from a library formed
from concanavalin A-stimulated spleen cells that contained both C and ] regions (S.
Hedrick, J. Kavaler, E. Nielson, and M. Davis, unpublished results), and T22.10, a 2.1
kilobase (kb) murine genomic DNA fragment containing only the germline 3’ C (Ct)
region (33), were also tested and gave equivalent results. The kappa gene probe wasa 1.1
kb murine DNA fragment containing the kappa C region. DNA for this probe was the
kind gift of R. Wall. After the DNA was nick translated with **P (as described in 39), the
labeled probe was hybridized overnight to Southern blots at 42°C in a hybridization
solution containing 50% formamide. The filters were then washed to a stringency of 0.2-

2 Hedrick, S. M., R. N. Germain, M. J. Bevan, M. Dorf, P. Fink, N. R. J. Gascoigne, M. Green, ]J.
Kapp, Y. Hoffman, F. Melchers, C. Pierce, C. Sorenson, M. Taniguchi, and M. M. Davis. Expression
of the T cell receptor chain in lymphocyte subsets. Manuscript in preparation.

* Rothbard, J., S. Hedrick, L. Samelson, R. Schwartz, and M. M. Davis. Manuscript in preparation.
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0.3X saline sodium citrate (SSC) (1X SSC is 150 mM NaCl, 15 mM sodium citrate) at
55°C and exposed at —70°C with a DuPont Cronex Lightning Plus intensifying screen
(DuPont Co., Wilmington, DE).

Results

The autoradiograph showing the results of the hybridization of the T cell
receptor gene probe to the DNA from the various somatic cell lines is presented
in Fig. 1. Table I shows the chromosome composition of each cell line and the
number of discordancies associated with each chromosome (i.e., the number of
cell hybrids in which hybridization with the T cell receptor gene probe and a
given mouse chromosome did not coincide). The mouse T cell receptor gene
probe hybridized with HindIIl-digested DNA fragments of 3.1 and 9.4 kb. These
two bands were present only in cell lines containing an entire mouse chromosome
6 (Fig. 1, a, ¢, m, and n). The DNA in lane o0 came from CeC, a hybrid containing
only one mouse chromosome, composed of the distal two-thirds of chromosome
6 translocated onto the X chromosome.* The break point in this translocation
occurs at the B1/B2 junction or in band B2.* The lack of hybridization of the
gene for the T cell receptor to this hybrid coupled with hybridization to lines
containing a complete chromosome 6 is consistent with the localization of this
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FIGURE 1. Autoradiographs showing hybridization of 86T5 or 86C3 to nitrocellulose filters
binding Hindlll-digested DNA from mouse hamster somatic cell hybrids and their parent
cells. High molecular weight DNA (10 ug) from each cell line was digested to completion with
Hindlll restriction endonuclease, subjected to electrophoresis through 0.8-1.0% agarose, and
transferred to nitrocellulose filters (39). Hybridization was performed using probes labeled
with *P by nick translation (39). The probes (86 T5 for a—n and 86C3 for n—o) consisted of
the 5’ C region of one chain of the T cell receptor (29). 86T5, 86C3, and T22.10 gave
equivalent results in n—o. The filters were washed to a stringency of at least 0.2x SSC, 55°C,
and exposed with an intensifying screen. The DNA in a is a mouse parental control (Meth A).
That in lane b is a hamster parental control (E36). The DNA in lanes ¢-o is taken from the
hybrid cell lines listed in Table I. The molecular weights were determined using Hindlll-
digested lambda phage DNA.

* Pravtcheva, D., and F. Ruddle. Manuscript in preparation.



908 T CELL RECEPTOR 8 CHAIN GENE IS ON MOUSE CHROMOSOME 6

TABLE I
Segregation of the T Cell Receptor Gene With Mouse Chromosomes in Mouse-Hamster Hybrids
MFE | MFE
BEM1-4 [4A63|4B31A23|2A42-C2| MAE-28| MAE-32| R44.1 | ECm4e | TuCE12G 14| TuCE12G19 CeC
c d e £ g h i j k 1 /2 2/1/7) 7 | Number
Chromo- m n dis-
somes _J cordant
Hybridization to T cell receptor probe (n=13)
+ - - - - - - - - - + + -
1 + - - + - - - - - - - + |- 2
2 + + + + - - - - - + + + - 4
3 + - - + - - - - - - + + - 1
4 - - - - - - - - - - + - | - 2
5 + - - - - - - - + + - - - 4
6 + - - - - - - - —* —* + |+ |%w] o0
7 - + + + - - - - - + + | - 4
8 + + + - - - - - -4 + + - 2
9 - - - + - - - - - - + + - 2
10 - - - + - - - - + + + - - 5
1 - ~ - - - - - - - - -~ 1- 3
12 + + - + + - - - + + + + - 5
18 + + - + - - - - + + + + | - 4
14 + - - - - - - + + + + - | - 4
15 + + - + - - - + + + + + - 5
16 + + + + - + - - + + ~ - - 8
17 + + + + - - + - + + + + - 6
18 + + - - - - - - + - + - |- 3
19 + + + + - - - - + + + + - 5
X + - - + + + - - + + + + + 6

Hybrid lines were scored as positive for a chromosome if that chromosome was present in 220% of the metaphase cells analyzed by trypsin
Giemsa staining. The number of discordancies refers to cell lines positive for a given chromosome and negative for hybridization with the
probe or negative for a chromosome and positive for hybridization.

* These two cell lines (of common origin) have no cytogenetic evidence of mouse chromosome 6 but are positive for triosephosphate isomerase,
a terminal isoenzyme marker.

# This cell line contains one mouse chromosome composed of the distal (telomeric) two-thirds of chromosome 6 translocated onto the X
chromosome.

$ This cell line contains no cytogenetic evidence of chromosome 8 and is negative for adenine phosphoribosyl transferase, but is positive for
glutathione reductase.

chain of the T cell receptor to the proximal one-third of mouse chromosome 6
as indicated in Fig. 2.

The kappa light chain locus is also located on the proximal one-third of
chromosome 6 (40). We therefore made a labeled kappa probe to confirm the
presence of this region of chromosome 6 in these hybrids. The kappa gene probe
hybridized with mouse DNA present in lanes a, ¢ (data not shown), m, n, and o,
as shown in Fig. 3. That the genes are probably not closely linked is indicated by
the fact that the kappa gene probe hybridized to DNA from the hybrid containing
the X:6 translocation whereas the T cell receptor probe does not. This conclusion
is also supported by restriction fragment length polymorphism studies on recom-
binant inbred mice, which indicate that there is a considerable (>20 cM) distance
between this gene and kappa.’

Considering the controversy over the mapping of the T cell receptor, it is
particularly relevant to note that probes for this chain of the T cell receptor are
negative for hybridization with lines containing only chromosomes 12 and X
(line MAE-28) and only chromosome 17 (line R44.1). DNA from these hybrid
lines was positive for hybridization to IgH and H-2 probes, respectively (data not
shown).

5 Epstein, R., M. Cohn, P. Marrack, M. Davis, and S. Hedrick. Manuscript in preparation.
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FIGURE 2. Autoradiograph showing hybridization of the kappa C region probe to HindlII-
digested DNA from mouse-hamster somatic cell hybrids and their parental cell lines. The
conditions of the Southern blotting and hybridization were as described in Fig. 1 and in the
text.

Discussion

The murine T cell receptor C region gene probe 86T5 cross-hybridizes with
several bands of Chinese hamster origin (Fig. 1). This, in combination with the
fact that there is a strong cross-hybridization with rabbit and human DNA and
an ~80% nucleic acid sequence homology between the corresponding murine
and human T cell receptor genes (29, 30), indicates that this gene has been
highly conserved in evolution.

The results localizing this gene for the T cell receptor to mouse chromosome
6 conflict with those of Marrack and Kappler (17). In their experiments, Rob-
ertsonian fusions between chromosomes 4 and 6 were used to make T cell
hybridomas. One of these maintained antigen specificity yet had lost the marker
chromosome; another lost both. This apparent contradiction between our data
and that of Marrack and Kappler may be due to the inherent differences in
sensitivity of the methods used, the frequency of genomic fragmentation and
dispersion in the hybridomas, and the difficulty in karyotyping mouse chromo-
somes.

Gene families appear to arise from the duplication of genes that over time
diverge to perform different functions and may disperse in the genome. The
striking homologies between B cell and known T cell receptors in amino acid
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FIGURE 3. Linkage map of mouse chromosome 6 (46) indicating the region which apparently
encodes this (8) chain of the T cell receptor.

sequence, function, gene organization, and mechanism of achieving diversity
(29, 30, 32, 33) argue that these gene families arose from a common ancestor.
The localization of the kappa light chain and the beta chain of the T cell receptor
to the same chromosome may indicate that these two members of the Ig family
had not yet dispersed in the genome. There may also be some selective value in
both genes being in the same chromosomal region, perhaps because such a
location may be important for the facilitation of rearrangement, protection of
nonrearranging DNA from recombinases, or commitment of lymphoid cells to
the T or B lineage. The human beta chain is not located on the same chromosome
as any of the Ig genes (T. Mak, personal communication; M. Owen, personal
communication). This may indicate that these selective factors are not absolute
or, alternately, that location of the kappa light chain and the beta chain of the T
cell receptor on the same chromosome of the mouse may be coincidental.

In a high proportion of B cell neoplasms, particularly (human) Burkitt’s
lymphoma and murine plasmacytomas, there are specific translocations between
regions carrying the cellular oncogene c¢-myc (on mouse chromosome 15) and
those carrying the Ig heavy chain genes (mouse chromosome 12) (41). Less
frequently, translocations occur between the ¢-myc and those containing the Ig
light chain genes (for review, see 42). The most frequent chromosomal aberra-
tions, regardless of the mechanism of carcinogenesis, in murine T cell neoplasms
are trisomy 15 and (much less frequently or specifically) trisomy 17 (42, 43).
Thus, in contrast to what one might expect from analogy to B cell neoplasms,
there does not appear to be a specific, cytogenetically detectable chromosome
alteration associated with mouse chromosome 6 in T cell neoplasms. One
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observation that may be relevant to this is that the T cell receptor gene examined
here is transcribed at a level far less than that for the secreted Ig (0.01-0.2% of
the mRNA for this chain of the T cell receptor (44) versus up to 10% for Ig
[45]). Thus, the T cell receptor may not have as strong a promoter nor enhancer
as Ig and so rearrangements associated with the T cell receptor may not be as
important in carcinogenesis as those associated with the heavy chain locus. But,
because the beta chain rearrangement of the T cell tumor, BW5147, seems
preferentially retained in 30 different hybridomas,? it seems possible that some
rearrangement associated with this gene and related to carcinogenogenesis may
have occurred in at least some cases.

Summary

Southern blot analysis of somatic cell hybrid lines indicates that the beta chain
of the T cell receptor for antigen maps to chromosome 6 of the mouse. An
experiment testing hybridization of the constant region of this gene to DNA
from a hybrid cell line containing a translocation of chromosome 6 supports the
localization of this gene to the proximal (centromeric) one-third of chromosome
6, in the same general region as the immunoglobulin kappa chain locus. This
may be another indication of the shared evolutionary origins of the genes
encoding both T and B cell antigen recognition.

Received for publication 24 May 1984.
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