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Summary. The T cell receptor o chain gene locus and the im-
munoglobulin heavy chain gene locus (IgH) have previously
been mapped to the q11 and q32 positions respectively of the
human chromosome 14. Both of these sites are also common
breakpoints in lymphocytes from ataxia telangiectasia (A-T)
patients. Using in situ hybridisation we show that the 14q32
breakpoint in an A-T non-leukaemic T cell clone with t(14;14)
translocation, lies outside the IgH locus and proximal to it
with respect to the centromere. The 14q11-14gter segment of
the homologous chromosome 14 carrying the constant gene
region of the a chain locus is translocated to this 14q32 posi-
tion.

Introduction

Various chromosomal translocations have been described
in peripheral lymphocytes from ataxia telangiectasia (A-T)
patients including t(X;14), t(7p;14q), t(7q;14q), and
t(14q;14q;), all with a breakpoint at 14q11-12 (McCaw et al.
1975; Taylor et al. 1981; Taylor 1982; O’Connor et al. 1982;
Hecht and Kaiser-McCaw 1982; Aurias et al. 1980). In addi-
tion there may be inversions in chromosomes 7 and 14 (Aurias
et al. 1980; O’Connor et al. 1982; Taylor et al. 1981). Clones
of lymphocytes may emerge in the peripheral blood bearing
any of the above changes although no reported t(7;14) trans-
location or inv(7) inversion clone has grown beyond a level of
a few percent of the T cell population (Taylor et al. 1981;
Hecht and Kaiser-McCaw 1982). In contrast, however, the
t(14;14)(q12;q32) and t(X;14)(q28;q12) clones do undergo
much greater proliferation in vivo while at the same time not
being malignant (Taylor et al. 1982; Hecht and Kaiser-McCaw
1982). Since some clones involving a breakpoint at 14q12 and
others having only an inv(7), have an undoubted proliferative
advantage, it would appear that genes at 14q11-12, 7p, and 7q
are important in T cell growth in vivo. A-T patients also have
an unusual predisposition to lymphocytic leukaemia and par-
ticularly T cell chronic lymphocytic leukaemia (CLL) (Spector
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et al. 1982). In the normal population chronic lymphocytic
leukaemia is a tumour overwhelmingly of B lymphocytes, but
in A-T patients the small number of CLL tumours described
have all involved T cells (Spector et al. 1982; Taylor and But-
terworth 1986). The leukaemic cells in such patients have
been shown to contain a t(14;14)(q12;q32) translocation
(McCaw et al. 1975; Levitt et al. 1978; Sparkes et al. 1980) or
inv(14)(q12932) inversion (Taylor et al. 1986) and in some
cases the clone was known to predate the development of the
malignancy.

The same breakpoints also appear to be important in T cell
tumours from non A-T patients as suggested by reports of
inv(14)(q11q32) inversions occurring in T cell CLL patients
(Zech et al. 1983, 1984; Ueshima et al. 1984; Hecht et al.
1984). Other rearrangements involving the chromosome re-
gion 14q11-12, which is the site of the T cell receptor a chain
gene (Croce et al. 1985; Collins et al. 1985), include the
t(11;14)(p13;q11) translocation in T cell acute lymphoblastic
leukaemia (T-ALL) (Williams et al. 1984; Lewis et al. 1985;
Erickson et al. 1985) and a translocation between chromo-
some 10 and 14q12 in a T cell lymphoma (Hecht et al. 1984).

The breakpoint of an inv(14) chromosome has recently
been molecularly cloned and shown to comprise a fusion be-
tween an immunoglobulin (Ig) heavy chain variable (V) gene
segment (derived from 14g32) and the T cell receptor (TCR)
a chain constant (C) region (derived from 14q11) (Baer et al.
1986). The fusion is productive at the genomic level and may,
therefore, encode a hybrid Ig/TCR polypeptide (IgT). Fur-
thermore, the breakpoint at 14g32 occurs between the Cu
gene and the telomere of the chromosome (Baer et al. 1986).
We have undertaken in situ hybridisation studies to define the
breakpoints at 14q11-12 and 14932 in an A-T non-malignant
clone with a t(14;14) translocation.

Materials and methods

Chromosome spreads

Lymphocytes from A-T patient (AT2BI) contained a t(14;14)
(q11;932) T cell clone which comprised about 70% of the
peripheral lymphocytes. Chromosome spreads were made
from phytohaemagglutinin-stimulated lymphocytes cultured



for 72h, and lipsol banded (Barton et al. 1982) for in situ
hybridisation. Chromosome spreads were also trypsin banded
for break analysis. Whole blood was cultured for 48h and
0.3mg/ml thymidine added for the last 16 h of culture. Slide
preparations of metaphases were incubated overnight at 60°C,
immersed in Hank’s balanced salt solution (1:1 x 10 HBSS/
X 1HBSS) for 10 min, washed in pH 6.8 buffer, immersed in
2.8% trypsin in buffer for about 50s, and rinsed in saline.
Metaphases were stained with 20% Leishman’s stain in pH 6.8
buffer for 4 min.

Probes used in in situ hybridisation

The DNA probes used in this work were: pAW101, contain-
ing a 5kb fragment detecting a restriction fragment length
polymorphism D14S1 mapping at 14¢32.1-32.2 (de Martin-
ville et al. 1982; Donlon et al. 1983); an immunoglobulin
heavy chain gene Cp probe (C74p1.0) (Rabbitts et al. 1981);
an immunoglobulin heavy-chain gene Ca probe (IgalXHS)
(Flanagan and Rabbitts 1982) — the most proximal of the Igh
genes mapping at 14q32; and pCauB2a, the constant region of
the T cell receptor o chain gene, mapped to 14q11.

Hybridisation and autoradiography

The DNA hybridisation probes were labelled with *H dTTP
and *H dCTP to a specific activity of at least 3 X 10’ dpm/pg by
nick translation. Chromosomes were treated with RNAse for
1h and denatured in 60% formamide, 0.1 mM EDTA, SmM
Hepes pH 7.0 at 55°C for 7 min. Twenty pl of hybridisation
buffer (50% formamide, 0.6 M NaCl, SmM Hepes, 1mM
EDTA, 10% dextran sulphate pH 7.6) containing the probe
was heated to 100°C in an Eppendorf tube for 7 min, and
applied to each slide, which were then sealed with a coverslip.
Hybridisation took place overnight (16 h) at 43°C. Coverslips
were then gently removed, slides washed in 2 X SCC at room
temperature, incubated 1h in 2 X SCC at 55°C and in 50%
formamide 2 x SCC for 30 min (four times), and soaked over-
night in 2 X SCC. Finally, the slides were dehydrated through
an alcohol series, air dried, and coated with Iliford K2 emul-
sion and exposed for 14 and 28 days. Following developing the
slides were rinsed in tap water for 20 min, stained with 10%
Giemsa in Sorensons buffer for 40 min, rinsed in buffer, and
air dried. The level of staining was checked before the slide
was mounted.

Results

Trypsin banding of t(14;14) breakpoints

Figure 1a shows that the proximal t(14;14) breakpoint is in
14q11.2. The large light band between the proximal q31 band
and the distal q12 band might suggest the q11 breakpoint is
situated on the centromeric side of q11.2 and possibly at the
junction with q11.1. The 14932 breakpoint appears to be in
14932.1, since there is no G-band equivalent to 14q32.2 be-
tween the proximal 14q31 band and the distal 14q12 band in
the translocation (Fig. 1a).

Localisation of 14932 probes in the t(14;14) translocation

Two methods of analysing the translocations were used. First,
chromosome spreads were lipsol banded and photographed
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Fig.1a,b. 14q+ chromosome from four separate cells. a Following
trypsin banding. b Following lipsol banding

Fig.2a,b. 14q+ and 14g— chromosomes showing in situ hybridisa-
tion. a Following hybridisation of D14S1, IgHCa, or IgHCp probes.
Grains on 14q+ terminus or 14q—. b Following hybridisation of
TCRCa probe. Grain at 14q+ centromere or at breakpoint of 14q+

(Fig. 1b). Following denaturation the metaphases were hy-
bridised with radiolabelled DNA probes, autoradiographed,
and photographed again. The localisation of silver grains ob-
tained with probes D14S1, IgH Cy, and IgH Ca on the 14q+
and 14q— chromosomes is illustrated in Fig. 2a. The distribu-
tion of grains obtained with these probes over all the chromo-
somes is presented in histogram form in Fig. 3.

The second method involved scanning additional cells to
examine the grain distribution on the translocation chromo-
somes alone. An advantage of this particular clone was that
the 14g+ and 14q— chromosomes were very easily recognised
on unbanded, denatured metaphase spreads, by virtue of their
extreme length and shortness respectively. In Table 1 the ob-
served and expected grain counts over the chromosome 14 de-
rivatives 14q+ and 14q— are given taking into account both
random background grains and the length of each chromo-
some. The distribution of hybridisation within the chromo-
somes 14q+ and 14g— from these cells is shown in Fig. 4.

Using both approaches it is clear that the three probes
which are normally found at band 14¢32 (IgHCp, IgHCa and
D1481) all gave peaks of hybridisation on the termini of both
the 14q+ and 14q— chromosomes (Figs.3a—c, 4a—c). These
results show that there is a reciprocal translocation between
the two homologues of chromosome 14, and that the break-
point is proximal to the IgHCp, IgHCo, and D14S1 genes
(i.e. it is on the centromeric side). These three DN A segments
(and presumably also the distal Ig Vy segments) are, there-
fore, translocated of the 14q— chromosome. [The elongated
14q+ chromosome retains this group of DNA segments at its
extreme tip corresponding to the unaffected gene cluster at
14q32].
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Fig.3a—d. In situ hybridisation of immunoglobulin and T cell receptor probes to translocated 14q+ and 14g— chromosomes of an A-T cell clone
with t(14;14). In situ hybridisation of IgH Cp (a), IgH Ca (b), D14S1 (c), or TCRCa (d) probes to 14q+ and 14g— translocation chromosomes
from an ataxia telangiectasia t(14;14)(q12;q32) lymphocyte clone. Distribution of autoradiographic grains on karyotyped metaphases. Fifty one
metaphases for IgH Cp, 110 metaphases for IgH Ca, 64 metaphases for D1451, and 80 metaphases for TCRCa

Table 1. In situ hybridisation of different probes to 14q+ and 14q— chromosomes

Probe No. Total Observed Expected® Observed Expected® Observed Expected®
meta- no. grain no. grain no. grain no. grain no. grain no. grain no.
phases grains 14q+ and 14q9+ and 14q+ 14gq+ 14q— 14q—
analysed 14q— 14q—

IgHCp 285 797 71 (9%) 27.9 (3.5%) 42 (5.3%) 24 (3.0%) 29 (3.76%) 4 (0.5%)

1gH Ca 163 478 46 (10%) 16.7 (3.5%) 30 (6.3%) 14.3 (3.0%) 16 (3.34%) 2.4 (0.5%)

D14s1 77 263 24 (9.1%) 9.2 (3.5%) 18 (6.8%) 7.9 (3.0%) 6 (2.3%) 1.3 (0.5%)

TCRCa 148 251 30 (12.0%) 8.8 (3.5%) 30 (12.0%) 7.5 (3.0%) 0 (0.5%) 1.3 (0.5%)

* The grain count expected in the number of cells analysed, if these grains are randomly distributed, is calculated as

Length of chromosome

X total number of grains
Total length of all chromosomes
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Fig.4a-d. Distribution of grains over 14q+ and 14q~— chromosomes after in situ hybridisation. In situ hybridisation of IgH Cp (a), IgH Cu (b),
D1481 (c), or TCRCa (d) probes to an A-T t(14;14)(q12;q32) lymphocyte clone. Distribution of grains over different numbers of unbanded
metaphases using length differences to identify 14q+ and 14q—. Cell numbers used are given in Table 1

t(14;14)

14 14 140+ 14q-
o =" [ ) )
O = VA 5 qt1 5 q11% _____
q12- N TCa ™ g TCox q12 TCw,: Q32 D14S1
: IghC
, IghCu
! VH
D14S1 1
ighCux 51 I g2yl ¢
Q32 IghCu 57437 a11 w70
v 5 IghC o at
H IghCu
YH
D14S1
q32 IghCex
IghCu
VH

Fig.5. Diagrammatic representation of the t(14;14) translocation.
Positions of the T cell receptor a chain genes, immunoglobulin heavy
chain genes, and D14S1 are shown for both the normal 14 and for the
14q+ and 14q— chromosomes of the t(14;14) translocation. The dot-
ted line indicates the 14ql1 and 14q32 breakpoints. The fate of the
TCR Va locus is not known from our studies

Localisation of the T cell receptor o chain probe
in the t(14;14) translocation

The results obtained with the TCR Cua probe (which is nor-
mally located at 14q11) were distinct from those obtained with
the three 14q32 probes. The TCR Ca probe did not hybridise
to the 14q— chromosomes but significant hybridisation occur-
red at two positions on the elongated chromosome 14g+;
namely close to the centromere and below midpoint of the
long arm (Figs.2b,3,4). These data show that the transloca-
tion breakpoint in the region 14q11-12 is proximal (i.e. cen-
tromeric) to the TCR Ca probe inferring that the breakpoint
is at 14q11. Thus as a consequence of the translocation, the
14q11-14qter segment (containing TCR Ca sequences) from
one homologue of chromosome 14 is translocated and joined
to position 14q32 on the other homologue. (The centromeric
14912 band on the elongated 14q+ is thus unaffected by the
translocation.) The organisation and reorganisation after
translocation of the various DNA segments described in the
present study are diagrammatically represented in Fig. 5.

Discussion

There is clearly an association between T-CLL and the pres-
ence of either t(14;14)(q11;q32) or inv(14)(q11q32) in the
leukaemia cells from ataxia telangiectasia patients (McCaw et
al. 1975; Levitt et al. 1978; Sparkes et al. 1980; Taylor et al.
1986) or non A-T patients (Zech et al. 1983, 1984; Ueshima et
al. 1984; Hecht et al. 1984). The identity of the genes involved
at these breakpoints in either A-T or non A-T patients is un-
known.

We report here that the q11-gter segment of chromosome
14, containing the constant region of the T cell receptor a
chain locus is translocated to the q32 position of the homolo-
gous chromosome 14. The proximal breakpoint appears to be
at 14q11.1-14q11.2. This location is the same as the one pro-
posed by Aurias et al. (1983) in an A-T t(14;14) clone. There
is a reciprocal translocation of the 14q32-qter region contain-
ing the IgH heavy chain locus genes to the 14q-chromosome
with the breakpoint in 14q32.1. The breakpoint at 14ql1l is
similar to that observed in cases of T cell acute lymphoblastic
leukaemia where the a chain gene was broken between the
variable and constant regions resulting in translocation to
chromosome 11 (Lewis et al. 1985; Erickson et al. 1985); and
also to the breakpoint reported in the SUP-T1 lymphoma
inv(14) (Baer et al. 1986). We are unable to show here
whether the 14q11 breakpoint in the A-T t(14;14) was be-
tween these two regions of the a chain gene, but it was proxi-
mal to the constant region with respect to the centromeres.

The 14q32 breakpoint described here in the A-T t(14;14)
T-cell clone is different from the 14q32 breakpoint seen in
Burkitt’s lymphoma being outside the IgH locus (Erickson et
al. 1982; Taub et al. 1982; Gelmann et al. 1983; Hamlyn and
Rabbitts 1983). It is also different from the 14932 breakpoint
in the SUP-T1 cell line with inv(14) where it is situated on the
telomeric side of IgHCp (Baer et al. 1986) as opposed to the
centromeric side in the A-T t{14;14) translocation. The
inv(14) chromosome in the T cell lymphoma derived SUP-T1
cells is associated with the formation of an immunoglobulin/T
cell receptor fusion gene (IgT) (Baer et al. 1986). The forma-
tion of such an IgT fusion gene in the t(14;14) A-T clone, al-
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though an intriguing possibility, would require the existence
of Vg sequences 3’ to the IgH C region (i.e. on the cen-
tromeric side). Alternatively, the translocated TCRCa gene
in AT2BI might be positioned close to a new T cell specific
gene (or oncogene) at 14q32.1— 14¢q32.2 conferring a growth
advantage on this clone of cells. Of the two rearranged
t(14;14) chromosomes the 14q+ may be the more important
for T cell proliferation since the 14q— can be lost from tumour
cells (Kaiser-McCaw and Hecht 1982).

It is important to note that the t(14;14) clone in the patient
described here has existed for many years at a consistently
high level of 70% of the T cells in the absence of any malig-
nancy (Taylor 1982). This has also been observed in other A-T
patients with large t(14;14) clones (McCaw et al. 1975; Aurias
et al. 1983). This translocation by itself therefore is unlikely to
be sufficient to produce malignant change in A-T patients
even when present as a large proportion of the lymphocytes.
Further genetic changes may be necessary and there is evi-
dence for this in the appearance of other chromosomal rear-
rangements in the neoplastic cells (McCaw et al. 1975; Levitt
et al. 1978; Sparkes et al. 1980). Whether this would include
further rearrangement in the t(14;14) is unknown. We have
also observed an inv(14)(q12q32) inversion in an A-T patient
(Taylor and Butterworth 1986). The clone cells containing the
inversion alone developed further chromosome rearrange-
ments until a stable, complex, proliferating clone grew to oc-
cupy all the T cell compartment over a period of six years.
T cell CLL was subsequently diagnosed. It is not known at
present whether the genes juxtaposed in this inv(14) are the
same as those involved in the t(14;14) or in the SUP-T1 cells.
Again, however, further chromosomal changes, in addition to
the inv(14), are required for full malignant change. Although
it is still uncertain whether more than one locus is involved it
is clear that a gene(s) at 14932 as well as at 14q12 is important
in some T cell leukaemias.
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