tion, the mechanisms mediating murine
self-tolerance to the normally foreign
SLA antigens can be compared with
those involved in conventional self-toler-
ance to murine H-2 products. Finally, it
will be of interest to determine the de-
gree to which the murine T cell reper-
toire can utilize a transfected SLA gene
product as a restricting element for anti-
gen recognition and physiologic cell in-
teractions.
WiLLiAM 1. FRELS
Department of Biology, University of
Utah, and Department of Anatomy,
University of Utah Medical School,
Salt Lake City, Utah 84112
JEFFREY A. BLUESTONE
RicHARD J. HODES
Immunology Branch, National Cancer
Institute, Bethesda, Maryland 20205
MaRrio R. CAPECCHI
Department of Biology,
University of Utah
DINAH S. SINGER*
Immunology Branch,
National Cancer Institute

References and Notes

1. G. Evans, D. Margulies, R. Camerini-Otero, K.
Ozato, J. Seidman, Proc. Natl. Acad. Sci
U.S.A. 79, 1999 (1982); J. Woodward et al.,
ibid., p. 3613; R. Goodenow et al., Science 215,
677 (1982); D. Margulies et al., J. Immunol. 130,
463 (1983); R. Germain, M. Norcross, D. Mar-
gulies, Nature (London) 306, 190 (1983); B.
Malissen, M. Steinmetz, M. McMillan, M.
Pierres, L. Hood, ibid. 305, 440 (1983).

2. B. Jordan, F. Lemonnier, D. Caillol, J. Trucy,
Immunogenetics 18, 165 (1983); J. Barbosa, M
Kamarck, P. Biro, S. Weissman, F. Ruddle,
Proc. Natl. Acad. Sci. U.S.A. 79, 6327 (1982);
K. Ozato, G. Evans, B. Shykind, D Margulies,
J. Seldman, ibid. 80 2040 (1983); E. Weiss et
al., Nature (London) 301, 671 (1983).

. D. Smger et al., Proc. Natl. Acad. Sci. US.A.

79, 1403 (1982).

. M. Satz and D. Singer, Mol. Cell Biol. 3, 2006

(1983); J. Immunol. 132, 496 (1984).

. D. Singer, unpublished observations.

M. Pescovitz, J. Lunney, D. H. Sachs, J. Immu-

nol. 133, 368 (1984).

. D. Sachs et al., Transplantation 22, 559 (1976).

. D. Sachs, N. Mayer, K. Ozato, in Monoclonal
Antibodies and T Cell Hybridomas, G. Ham-
merling, U. Hammerling, J. Kearney, Eds. (El-
ggwle(;'{North -Holland, Amsterdam, 1981), pp.
9. L. Satz and D. Singer, unpublished observa-

tions.

10. D. Sachs, in Fundamental Immunology, W.
gzgl, Ed. (Raven, New York, 1984), pp. 303-

11. J. A Bluestone et al., J. Exp. Med. 154, 1305
(1981).

12. S.
Methods 48, 299 (1982).

13. M. D. Pescovitz et al., J. Immunol., in press.

14. E. M. Southern, J. Mol. Biol. 98, 503 (1975).

15. T. Maniatis, A. Jeffrey, D. G. Kleid, Proc. Natl.
Acad. Sci. U.S.A. 72, 1184 (1975).

16. S. T. listad et al., J. Exp. Med., in press.

17. R. Peto et al., Br. J. Cancer 35, 1 (1977).

18. We thank M. Pescovntz R. Germam D. Margu-
lies, and A. Singer for helpful discussions and
critical review of the manuscript, M. Pescovitz
for providing the biotin-conjugated SLA anti-
bodies, and David Stephany for FACS analysis.
All experiments were done in accordance with
the NIH Guidelines for Recombinant DNA Re-
search. Supported by NIH grant GM 2116B
(W.LLF.) and NIH training grant GM 07825
(M.R.C.).

* To whom correspondence should be addressed
at the Immunology Branch, National Cancer
Institute, Building 10, Room 4B-17, Bethesda,
Md. 20205.

4 December 1984; accepted 4 February 1985
580

®©N o & W

Jackson, J. Sogn, T. Kindt, J. Immunol.

Location of Gene for 3 Subunit of Human T-Cell Receptor at
Band 735, a Region Prone to Rearrangements in T Cells

Abstract. The T-cell receptor is formed by two chains, o and B, for which specific
clones were recently obtained. In this report the gene for the B chain of the human T-
cell receptor was located on the long arm of chromosome 7, band q35, by means of in
situ hybridization. This chromosome region in T cells is unusually prone to develop
breaks in vivo, perhaps reflecting instability generated by somatic rearrangement of
T-cell receptor genes during normal differentiation in this cell lineage.

The T-cell receptor is formed by two
different chains, a and B, each of which
has a molecular weight of approximately
40,000 to 50,000 (I). Recently, clones of
complementary DNA (cDNA) specific
for the murine and the human a and B
chains were obtained (2). By using
mouse and human cDNA clones specific
for the B chain of the T-cell receptor,
several laboratories have mapped the
murine and the human B-chain genes to
mouse chromosome 6 and human chro-
mosome 7, respectively (3-5). We have
used a mouse cDNA clone specific for
the murine gene for the a chain of the T-
cell receptor to screen a human cDNA
library derived from human T cells and
obtained a human cDNA clone specific
for the a chain to map the location of the
gene on chromosome 14, band q11.2 (6).
This chromosome region is frequently
involved in rearrangements (reciprocal
translocations and inversions) in T-cell
neoplasms, such as acute lymphocytic
leukemia and chronic lymphocytic leu-
kemia of the T-cell type (7) and T-cell
lymphomas (8). Thus, it seems likely that

the genetic locus for the a chain is in-
volved in oncogene activation in T-cell
tumors (6).

While there is agreement that the gene
for the B chain is located on chromosome
7 (3-5), there is considerable disagree-
ment over its exact location. Caccia et
al., by using in situ hybridization tech-
niques, mapped the gene to region 7p13-
21 (3). However, Collins et al., by ana-
lyzing human somatic cell hybrids, as-
signed the gene to 7q22-qter, since they
found that a hybrid that retained the 7p-
7q22 segment did not contain the gene
for the B chain (4).

By examining a mouse X human cell
hybrid containing only the long arm of
human chromosome 7, we confirmed the
presence of the gene for the human B
chain on 7q (Fig. 1), in agreement with
the results of Collins et al. (4). Hybrid
53-83(3) Cl 36 containing human chro-
mosome 7, and its subclone 53-87 (11) Cl
36 (subclone 7) that contained only the
region 7pl1-7qter (9), were also positive
for the human B-chain gene. By using the
technique of in situ hybridization with a

Table 1. Abnormalities of chromosomes 7 and 14 observed in PHA-stimulated lymphocytes of

two patients.

Case 1. Immune deficiency;
chromosome breakage

Case 2. Ataxia telangiectasia

46, XX, t(7;14) (q35;q11)*
46, XX, t(7;14) (p13;q11)
46, XX, i (7q)

46, XX, inv dup (7q)

46, XX, t(7;7) (p13;q35)

47, XX, —14 + t(14;14) (ql1;q11), + t(14;14)
(qll;q11)

46, XX, t(7;14) (p13;q11)

(Tpter — q35 :: q35 — ql)t 46, XX, inv (7) (p13;q35)*
46, XX, t(7;14) (q35;q11)
46, XX, t(14;14) (q32;q11)
*Two cells. +Three cells.

1 2 3 4 Fig. 1. Southern blot analysis of human, mouse, and
hybrid DNA's digested with Bam H1 and hybridized with
a human B-chain cDNA clone (Jurkat-2) (2). Lanes 1 and
kb 2, EBYV transformed human lymphoblastoid cell lines SB

230—"%ﬁ

10—

and GM1056, respectively; lane 3, hybrid 53-87(3) CI 10
LP1, that contains only 7q and no other human chromo-
some. This hybrid is derived from hybrid 53-87(3) Cl 10,
that contains only human chromosome 7 and no other

human chromosome (9). This hybrid was derived from the

a.5 ==

cells.

fusion of BALB/c mouse peritoneal macrophages and
LN-SV SV40 transformed human cells (6). Hybrid 53—
87(3) C1 10 was analyzed by Barker ez al. (5) and found to
be positive for the presence of the human B-chain gene of
the T-cell receptor. Lane 4, NP3 BALB/c mouse myeloma
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Fig. 2. Localization of the B-chain gene of the T-cell receptor in the human
genome by in situ hybridization (6). (A) Giemsa-banded metaphase of

Number of grains

normal lymphocyte hybridized with the Jurkat-2 probe for the human B
chain. The arrow indicates a grain over the distal portion of the long arm of
chromosome 7. (B) Diagram showing the grain distribution in 120 meta-
phases. The abscissa represents the chromosomes in their relative sizes; the ordinate shows the number of silver grains. The distribution of 296
grains on 120 spreads was scored; 59 were found over 7q31-7q36 with most grains at 7q35. The long arm of chromsome 7 represents
approximately 3.3 percent of the haploid genome. About 20 percent of the grains were located on the distal half of 7q.

B chain-specific cDNA probe (Jurkat-2)
(2) that contains approximately 740 nu-
cleotides (from nucleotide 100 to nucleo-
tide 840), we determined the exact loca-
tion of the gene. As shown in Fig. 2, the
silver grains became localized over re-
gion q35 of human chromosome 7, indi-
cating that this is the segment containing
the gene. Analysis of 120 metaphases
indicated that about 20 percent of the
total number of grains was localized over
the region 7q31-7q36, with most grains
at 7q35.

It is interesting that this chromosome
region is apparently one of several that
are prone to rearrange in T cells. A
number of investigators have observed
the nonrandom occurrence of t(7;14)
translocations in human lymphocyte cul-
tures, particularly involving 7p11-13,
7q31-36, 14q11-13, and 14q32 (10-13).

Aymé et al. studied cultured lympho-
cytes from 524 normal individuals and
found that breaks were nonrandomly dis-
tributed across the genome (/4). They
found nine ‘‘hot spots’’ for breakage and
these included 7p1, 7q3, 14q1, and 14q3.
They also found that 10 of 31 transloca-
tions occurred between chromosomes 7
and 14, with breakpoints at 7q35, 14q13,
and 14q32. Zech et al., in another study
of normal individuals, reported a series
of 12 nonrandom translocations involv-
ing chromosomes 7 andl14 with break-
points at 7p13, 7pter, 7qter, 7q32, 14q12-
3, 14q11-2, l4qter, and 14922 (12).

3 MAY 1985

Patients with ataxia telangiectasia
have chromosomally abnormal clones,
with preferential involvement of chro-
mosome 14. In lymphocyte cultures stim-
ulated with phytohemagglutinin (PHA),
a tandem 14,14 translocation with break-
points at 14q11-12 and 14932 has fre-
quently been observed (14, 15). In addi-
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tion, cells containing rearranged No. 7
chromosomes, with breakpoints at 7p14
and 7q35, have also been reported (I6).
Hecht et al. (I1) identified a boy
with marked retardation, microcephaly,
growth retardation, facial erythema, café
au lait spots, and immunoglobulin A defi-
ciency who had many cells with abnor-
malities involving chromosomes 7 and
14. These included a pericentric inver-
sion of chromosome 7 and seven differ-
ent 7;14 translocations with breakpoints
at 7pl13, 7q32, and 14qll. These rear-
rangements were seen only in peripheral
lymphocytes that were cultured in the
presence of PHA and not in bone mar-
row cells. The patient was presumed to
have an immunodeficiency state proba-
bly related to ataxia telangiectasia (/7).

Fig. 3. (A) Giemsa-banded karyotype from
lymphocyte culture of patient with immune
deficiency and an undefined chromosomal
fragility syndrome (case 1). The arrows indi-
cate a t(7;14) (q33-36;q11) translocation, ap-
parently involving both the B-subunit and a-
subunit gene loci. Cells with other rearrange-
ments involving 7p, 7q, and 14q were also
seen. (B) Giemsa-banded karyotype from a
patient with ataxia telangiectasia (case 2). The
arrows indicate a t(7;7)(p13;q35) transloca-
tion, apparently involving the chromosome
site of the gene for the B subunit of the T-cell
receptor on one chromosome 7 and an uniden-
tified locus on the short arm of the other
number 7. Cells with other rearrangements
involving 7p, 7q, and 14q were also seen.
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We have studied a 21-year-old female
with severe chromosomal breakage, im-
munodeficiency, and growth failure
(case 1). Examination of her chromo-
somes in cell cultures stimulated with T-
cell mitogens [PHA, phorbol ester
(TPA), and interleukin 2 (IL-2)] revealed
a number of cells with abnormalities
involving chromosomes 7 and 14. These
included isochromosome 7q and translo-
cations involving breakpoints at 7pl3,
7q35, and 14ql11 (Table 1, Fig. 3A). We
have also studied a patient with ataxia
telangiectasia (case 2) in whom we found
increased chromosome breakage and
various abnormalities of chromosomes 7
and 14 in lymphocyte cultures similarly
stimulated, including an inverted 7 with
breakpoints at p13 and q35, a 7;7 recipro-
cal translocation with breakpoints at
7Tp13 and 7q35, a t(7;14) translocation
with breakpoints at 7p13 and 14ql1, and
an isochromosome 14q (Table 1 and Fig.
3B).

Taken together, these observations on
normal individuals and on patients with
increased chromosomal fragility suggest
that the terminal segment of 7q, as well
as sites on 7p and 14q, are ‘‘hot spots”’
for chromosomal rearrangements in non-
neoplastic cells in vivo. Because the data
cited above are derived from cytogenetic
studies of lymphocyte cultures stimulat-
ed with T-cell mitogens, it is tempting to
speculate that T lymphocytes are partic-
ularly fragile at these chromosomal sites.
This view is supported by the results of
one study in which such rearrangements
could not be found in bone marrow cells
(11). If this is indeed a T-cell phenome-
non, perhaps it reflects structural insta-
bility generated by somatic rearrange-
ments taking place in genes for T-cell
receptor subunits during T-cell differen-
tiation, at least for the 14q11 (a-subunit)
(6) and 7935 (B-subunit) locations. Fur-
ther molecular studies are needed to
determine whether these two genes are
in fact involved in these translocations,
both in normal and in neoplastic T
cells.
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Genes for B Chain of Human T-Cell Antigen Receptor Map to

Regions of Chromosomal Rearrangement in T Cells

Abstract. The T-cell antigen receptor is a cell-surface molecule that participates in
the immune response. In the present experiments the genes encoding the B chain of
the T-cell receptor were found to reside on the long arm of human chromosome 7 at
or near band q32. Related sequences were found on the short arm of chromosome 7
in bands p15-21 in some experiments. Chromosomal rearrangements in T-cells from
normal individuals and patients with ataxia telangiectasia have previously been

observed at and near these map assignments for the B-chain genes.

The organization of the genes for the B
subunit of the T-cell receptor was recent-
ly revealed through identification of ap-
propriate surface proteins (/) and cloning
of T cell-specific complementary DNA’s
(cDNA’s) (2). The molecular events by
which rearrangement of the genes for the
T-cell receptor B chain results in an
active receptor resemble those that oc-
cur among immunoglobulin genes (3).
We therefore investigated the possibility
that this locus might be involved in such
specific translocations as occur in chro-
mosomes from patients with Burkitt’s

lymphoma (4). As a first approach to this
inquiry we chose to investigate the pre-
cise chromosomal location of the B-chain
gene locus.

The gene for the B chain of the murine
T-cell receptor was previously assigned,
by somatic cell hybridization, to chro-
mosome 6 (5, 6); by chromosome hybrid-
ization in situ, the gene was shown to be
at band B (6). The gene for the human
chain ‘was assigned by somatic cell hy-
bridization to chromosome 7 (6-8); how-
ever, the regional assignment is contro-
versial. Chromosome hybridization in

A TRE Ca Cg2
Probe — —— ————
cs 5’ il Jgi2 Cg) g2} 9532 Cz 3
I n [
genes I I [ LR T TTTT I . I
Bgl RI HSP P HX Bgl XRIX RIPSS RI Bgl RIX
I kb
—

cDNA (V+C)

e CONA- (HpaI-ECORYL ) e

100 bp
—

Fig. 1. Maps of (A) the human T-
cell receptor B-chain constant re-
gion genes and (B) B-chain mes-
senger RNA (31). Probes used in
the in situ hybridization experi-
ments (Cg;, Cp,, and Cg,IVS) and
cDNA’s (Hpa I-Eco RV) and (V
+ C) are designated. The 5'Cp,
probe used in the somatic cell
hybrid analysis is a 0.7-kb Eco RI-
Bgl II fragment derived from the

Cp probe. Restriction enzyme sites indicated are: Bgl II (Bgl), Eco RI (RI), Hind I1I (H), Sma I
(S), Pvu II (P), and Xba I (X). Other symbols are: C (constant), IVS (intervening sequence), J
(joining), UT (untranslated), L (leader), V (variable), D (diversity), and AAA (poly A).
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