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Meeting Report

Workshop on Ataxia Telangiectasia1

A-T2 is a rare hereditary multisystem disorder characterized

by progressive cerebellar ataxia, oculocutaneous telangiectasia,
elevated levels of serum a-fetoprotein and, in most cases, defi
ciencies in cellular and humoral immunity. The disease is
associated with a greatly increased risk of developing malignan
cies, mainly lymphomas and leukemias but carcinomas as well.
At the cellular level, hypersensitivity to ionizing radiation and
other forms of oxidative damage suggests that the basic molec
ular defect may be a deficiency in the processing of certain
types of DNA damage. Interest in the disorder lies firstly in its
implications for a relationship between DNA damage and re
pair, carcinogenesis, and development in a variety of organ
systems, and secondly in the finding that hÃ©tÃ©rozygotecarriers
of the A-T gene, present in about 1% of the general population,
are also cancer prone, albeit to a much lower extent than the
affected homozygotes. Many laboratories are therefore engaged
in the study of this disease at the molecular, cellular, chromo
somal, and clinical levels. At this small meeting organized by
Richard Gatti (UCLA, Los Angeles, CA) participants discussed
recent progress in a number of different areas.

An important feature of A-T is its chromosomal instability
in libn iblast s and lymphocytes. Furthermore, the blood of many
patients contains lymphocytic clones with stable chromosomal
rearrangements, such as translocations and inversions. The
breakpoints for these rearrangements are most frequently found
at four sites, namely 7pl4, 7q35, 14qll, and 14q32, these
locations being in the same regions as the genes for the TCR-
â€¢>,-/3, and -a chains and the immunoglobulin heavy chain,

respectively. Fine structure mapping of some of the breakpoints
has been carried out in the laboratories of several participants
[A. Aurias (Institut Curie, Paris, France); A. Taylor (University
of Birmingham, Birmingham, England); and J. Johnson (Oak
land Children's Hospital, Oakland, CA)]. All the data presented

were compatible with the breakpoint at 14ql 1 being actually in
the V-region or the TCR-a gene. In some cases the breakpoint
at 14q32 did not appear to be in the IgH gene, but proximal to
it. In two patients, however, duplications of part of the IgH
locus originating in the J region were found to be associated
with the breakpoint at 14q32. The interpretation of these find
ings is that in A-T lymphocytes errors are made at a relatively
high frequency during the rearrangements of genes in the course
of T- or B-cell development. Further support for this idea came
from the demonstration by Aurias and by Gatti that chromo
somal breakpoints in lymphocytes were also sometimes seen in
the region of the immunoglobulin light chain genes. In contrast
to these findings with lymphocytes was the observation of T.
Kojis (UCLA) that the characteristic breakpoints were not
observed in cultured fibroblasts from patients with A-T, even
though the overall level of chromosomal aberrations was 6-fold
higher in fibroblasts than in lymphocytes. This theme was
extended by I. Kirsch (NCI, Bethesda, MD), who provided
examples to show that chromosomal rearrangements in general
usually occur in active genes, such as the globin genes in
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erythropoietic cells. Molecular mechanisms by which aberrant
rearrangements may occur were discussed by C. Croce (Wistar
Institute, Philadelphia, PA) who has cloned and sequenced
breakpoints in the IgH locus found in a number of lymphoid
tumors (though not from A-T patients). VDJ joining in the
IgH locus involves recognition of specific heptamer/nonamer
sequences by a putative recombinase. In different 14:18 and
14:11 translocations these heptamer/nonamer signals were
found not only on chromosome 14 but also on the translocated
chromosomes 18 and 11 very close to the sites of the break
points. The picture that emerges is that a recombinase, which
in B-cells normally recognizes signals in two different parts of
the IgH locus and then effects VDJ joining, recognizes instead
the same signal sequence on a different chromosome and thus
causes an aberrant rearrangement. Presumably, similar mech
anisms of rearrangement exist in the case of the TCR genes in
T-cells, and aberrant recombination occurs at high frequency
in A-T patients.

Genetic complementation studies by N. Jaspers (Erasmus
University, Rotterdam, Netherlands) using the radioresistant
DNA synthesis characteristic of A-T as a biochemical marker
have identified four CGs. Among the 28 A-T kindreds tested,
representatives of groups AB and C were the most frequent
(Table 1). Group-specific patterns in clinical characteristics or
ethnic origins were not observed.

The Nijmegen Breakage Syndrome, described by J. Scheres
(Katholieke Universiteit, Nijmegen, The Netherlands), is an
other human genetic trait that shares a number of cellular
features with A-T, in particular the characteristic translocations
involving chromosomes 7 and 14, the cellular hypersensitivity
to ionizing radiation, and the radioresistance DNA replication.
Clinically, the patients do not present with ataxia or telangiec
tasia, but they do have immunodeficiency and an increased risk
of cancer, in addition to microcephaly and developmental delay.
Five of these patients have now been assigned to two CGs,
which are distinct from the four A-T CGs identified by Jaspers
(see Table 1). It appears that A-T may be only part of a spectrum
of related cancer-prone and radiosensitive human disorders.

Latest assessments by M. Swift (University of North Caro
lina, Chapel Hill, NC) of the frequency of A-T hÃ©tÃ©rozygotes
in the American population assuming four CGs range between
0.6 and 2.8 percent. Major goals of the present studies on A-T
are the development of a test to identify A-T hÃ©tÃ©rozygotesand
the localization and cloning of the A-T genes. One approach to
cloning A-T genes involves attempting to correct the radiation
sensitivity of cultured transformed A-T cell lines by DNA-
mediated gene transfer. Two groups [M. Green and A. 1.chin an n
(MRC Cell Mutation Unit, Brighton, England) and L. Kapp
and R. Painter (UCSF, San Francisco, CA)] each reported the
isolation of one radioresistant derivative out of a total of
approximately 4 x IO5 transfectants. In neither case, however,
was the normal phenotype fully restored, in that the radiosen-
sitivity of DNA synthesis was still of the A-T type.

Another possible strategy for cloning an A-T gene is the
attempted localization of the gene on the genome by identifi
cation of unique DNA segments that are closely linked to the
gene. Work towards this goal has been facilitated by the exis
tence of a large Amish family in Pennsylvania containing a
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Table I Geographical location and frequency of complementation groups
compiled from 33 investigated radiosensitive kindreds

Data from N. G. J. Jaspers.
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" Patients with the clinical characteristics of the Nijmegen Breakage Syndrome.

total of 5 A-T patients in a pedigree of over 60 individuals, 7
of whom are obligate hÃ©tÃ©rozygotes.In this approach detection
of the other hÃ©tÃ©rozygotesin the pedigree is vital. J. Nove
(Harvard University, Boston, MA) and M. Paterson (Cross
Cancer Institute, Edmonton, Alberta, Canada) presented the
results of blind studies using different cellular radiosensitivity
tests. These included the toxicity of acute or chronic radiation
exposure (the latter being produced either by low dose rate
sources or by growth in tritiated water) and the alteration of
cell cycle parameters following radiation treatment. With these
tests several putative hÃ©tÃ©rozygotesin the kindred were identi
fied, but a minority of the obligate hÃ©tÃ©rozygotesproduced a
normal response. A different test, based on the induction of
micronuclei by 7-rays and devised by C. Arieti (MRC Cell
Mutation Unit, Brighton, England), identified five out of seven
(non-Amish) hÃ©tÃ©rozygotes.Thus several tests based on differ
ent aspects of radiosensitivity have unequivocally identified the
A-T hÃ©tÃ©rozygotesas a hypersensitive group, but not every gene
carrier demonstrates abnormal behavior, thus imposing some
limits on the usefulness of the tests.

Classical linkage studies by Gatti and P. Concannon (Cali

fornia Institute of Technology, Pasadena, CA) have clearly
ruled out linkage with several markers, such as human lympho
cyte antigen, IgH, TCR-/3, and various blood groups both in the
large Amish pedigree (complementation group AB) and in other
sibships from group AB. A large molecular study involving a
search for linkage of the A-T (group AB) gene with highly
polymorphic restriction fragments is currently in progress with
the Amish kindred in the laboratory of M. Leppert (University
of Utah, Salt Lake City, UT). With over 100 different probes
tested so far, approximately 15% of the genome can now be
excluded.

In summary, at this meeting new developments included the
characterization of some of the chromosomal breakpoints of
A-T and the identification of a new radiosensitive genetic
disorder resembling A-T in many cellular aspects. Extensive
studies directed at the localization of one of the A-T genes are
in progress.
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