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|d entity malignancies, but not myeloid leukemia; carcinomas of
the skin, ovary, breast, and stomach have also been

Alias: Louis-Bar syndrome described.

Note: See also, in Deep Insight section: Ataxia Cancer treatment is complicated by radiation- and

Telangiectasia and variants. chemo-sensitivity.

Inheritance: Autosomal recessive; frequency is about Evolution

1 to 2.5/10° newborns; heterozygotes are estimated to Progressive cerebellar degeneration: patients are

be 1% of the general population; founder effect are usually in awheelchair by the age of ten.

found in some isolated population. Prognosis

Clinics Respiratory infection is the common cause of death,
with cancer being the second most common.

Note Survival is often into fourth decade today where

Ataxia telangiectasia is a chromosome instability optimal medical careisavailable.

syndrome with cerebellar degeneration, .

immunodeficiency, and an increased risk of cancers; A- Cytogenetics

T cells are defective in recognizing double-strand DNA .

damage to signal for repair. Inborn conditions

Phenotype and clinics Spontaneous chromatid/chromosome breaks, triradials,

quadriradials (less prominent phenomenon than in
Fanconi anaemia); telomeric associations.

The best diagnosis test is on the (pathognomonic)
highly elevated level (10% of mitoses) of
inv(7)(p14935), t(14;14)(g11;932), and other non
clona stable chromosome rearrangements involving
2p12, 7pl4, 7935, 14q9ll, 14932, and 22911
(illegitimate recombinations between immunoglobulin

- Onset of the disease is often noted during the second
year of life: there is progressive cerebellar ataxia
(initially truncal, with further peripheral extension);
ataxia is a constant feature in this disease; oculomotor
apraxia, dysarthria, and dystonia; leading to muscular
atrophia.

- Telangiectasia: facia region exposed to sunlight, and

eyes (conjunctiva). superfamilly genes Ig and TCR); normal level of those

- Combined immunodeficiency (in 70%): thymus . ; .
hypoplasia, and 1gG2 and 4, IgA, IgE deficiency. ;-?itror%no%er(’inr(]a\r/]z%)are. /500 (inv(14)), 1/200 (t(7:14).

- Oth_er ;?atlérfb;tgromgf;_ tretardation; hypogonadism, Clonal rearrangements further occur in 10% of patients,
occasion y. ' ] €S mellitus. but without manifestation of malignancy: t(14;14),
Neoplastic risk inv(14), or t(X;14).

Risk of cancers is X 100, consisting mainly of T-cell Cytogenetics of cancer
malignancies (a 70-fold and 250-fold increased risks of Clonal rearangements in T-cell ALL and T-PLL

leukemia. and lymphoma. respectively) and B-cell (prolymphocytic leukaemia) in AT patients are
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complex, with the frequent involvement of
t(14;14)(g11;932), or t(X;14)(g28;q11), implicating the
genes TCL1 or MTCP1 respectively, asis found in T-
PLL innon-AT patients.

Other findings

Note

- High sensitivity to ionizing radiations and to
radiomimetic drugs (diagnostic may in part be based on
the hypersensitivity of AT lymphocytes to killing by
gamma irradiation); cell irradiation does not inhibit S
phase (DNA synthesis): this is quite pathognomonic of
AT, and shows that G1 checkpoint is deficient; there is
alack of P53, GADDA45 and P21 induction, and a fall
in radiation-induced apoptosis; P53 phosphorylation at
serl5 is deficient.

- Lenthening of the cell cycle.

- Difficult to grow cells with phytohemaglutinin:
karyotypes should be performed with interleukin 2 in 4
days cultures.

- Other: increased level of serum alpha-fetoprotein.

Genes involved and proteins
ATM

Location
11g22-g23.1
DNA/RNA

Description: 66 exons spanning 184 kb of genomic
DNA.

Protein

Description: 3056 amino acids; 350 kDa; contains a Pl
3-kinase-like domain.

Localisation: Mostly in the nucleus in replicating cells,
cytoplasm in differentiating cells.

Function: Mediates cell cycle arrest in response to
ionizing radiation through the phophorylation of targets
including p53, cAbl, IkB-alpha and chk1l.

M utations

Germinal: Various types of mutations, dispersed
throughout the gene, and therefore most patients are
compound heterozygotes; however, most mutations
appear to inactivate the ATM protein by truncation,

large deletions, or annulation of initiation or
termination.

To be noted

Note

Heterozygote cancer risk: the relative risk of breast
cancer in A-T heterozygote women has been estimated
through epidemiological studies to be 3.9 (Cl 2.1-7.1),
and through haplotype analysis to be 3.32 (Cl 1.75
6.38); since the A-T heterozygote frequency is about
1%, 2-4% of breast cancer cases may be due to ATM
heterozygosity; the risk of other types of cancer in A-T
heterozygotesis low.

The A-T variant Nijmegen breakage syndrome does not
involve the same gene.

Atlas Genet Cytogenet Oncol Haematol. 1999; 3(4)

210

Uhrhammer N et al.

References

Gorlin RJ, Cohen MM, Levin LS.. Syndromes of the Head and
Neck. Oxford monographs on Medical Genetics No 19, Oxford
University Press (1990), p. 469

Easton DF. Cancer risks in A-T heterozygotes. Int J Radiat
Biol. 1994 Dec;66(6 Suppl):S177-82

Greenwell PW, Kronmal SL, Porter SE, Gassenhuber J,
Obermaier B, Petes TD. TEL1, a gene involved in controlling
telomere length in S. cerevisiae, is homologous to the human
ataxia telangiectasia gene. Cell. 1995 Sep 8;82(5):823-9

Hari KL, Santerre A, Sekelsky JJ, McKim KS, Boyd JB, Hawley
RS.. The mei-41 gene of D. melanogaster is a structural and
functional homolog of the human ataxia telangiectasia gene.
Cell. 1995 Sep 8;82(5):815-21.

Savitsky K, Bar-Shira A, Gilad S, Rotman G, Ziv Y, Vanagaite
L, Tagle DA, Smith S, Uziel T, Sfez S, Ashkenazi M, Pecker I,
Frydman M, Harnik R, Patanjali SR, Simmons A, Clines GA,
Sartiel A, Gatti RA, Chessa L, Sanal O, Lavin MF, Jaspers NG,
Taylor AM, Arlett CF, Miki T, Weissman SM, Lovett M, Collins
FS, Shiloh Y. A single ataxia telangiectasia gene with a
product similar to PI-3 kinase. Science. 1995 Jun
23;268(5218):1749-53

Savitsky K, Sfez S, Tagle DA, Ziv Y, Sartiel A, Collins FS,
Shiloh Y, Rotman G. The complete sequence of the coding
region of the ATM gene reveals similarity to cell cycle
regulators in different species. Hum Mol Genet. 1995
Nov;4(11):2025-32

Zakian VA. ATM-related genes: what do they tell us about
functions of the human gene? Cell. 1995 Sep 8;82(5):685-7

Barlow C, Hirotsune S, Paylor R, Liyanage M, Eckhaus M,
Collins F, Shiloh Y, Crawley JN, Ried T, Tagle D, Wynshaw-
Boris A. Atm-deficient mice: a paradigm of ataxia
telangiectasia. Cell. 1996 Jul 12;86(1):159-71

Taylor AM, Metcalfe JA, Thick J, Mak YF. Leukemia and
lymphoma in ataxia telangiectasia. Blood. 1996 Jan
15;87(2):423-38

Brown KD, Ziv Y, Sadanandan SN, Chessa L, Collins FS,
Shiloh Y, Tagle DA. The ataxia-telangiectasia gene product, a
constitutively expressed nuclear protein that is not up-
regulated following genome damage. Proc Natl Acad Sci U S
A. 1997 Mar 4;94(5):1840-5

Chen X, Yang L, Udar N, Liang T, Uhrhammer N, Xu S, Bay
JO, Wang Z, Dandakar S, Chiplunkar S, Klisak I, Telatar M,
Yang H, Concannon P, Gatti RA. CAND3: a ubiquitously
expressed gene immediately adjacent and in opposite
transcriptional orientation to the ATM gene at 11g23.1. Mamm
Genome. 1997 Feb;8(2):129-33

Platzer M, Rotman G, Bauer D, Uziel T, Savitsky K, Bar-Shira
A, Gilad S, Shiloh Y, Rosenthal A. Ataxia-telangiectasia locus:
sequence analysis of 184 kb of human genomic DNA
containing the entire ATM gene. Genome Res. 1997
Jun;7(6):592-605

Shiloh Y. Ataxia-telangiectasia and the Nijmegen breakage
syndrome: related disorders but genes apart. Annu Rev Genet.
1997;31:635-62

Stilgenbauer S, Schaffner C, Litterst A, Liebisch P, Gilad S,
Bar-Shira A, James MR, Lichter P, Do6hner H. Biallelic
mutations in the ATM gene in T-prolymphocytic leukemia. Nat
Med. 1997 Oct;3(10):1155-9

Vorechovsky I, Luo L, Dyer MJ, Catovsky D, Amlot PL, Yaxley
JC, Foroni L, Hammarstrom L, Webster AD, Yuille MA.
Clustering of missense mutations in the ataxia-telangiectasia
gene in a sporadic T-cell leukaemia. Nat Genet. 1997
Sep;17(1):96-9



Ataxia telangiectasia

Westphal CH. Cell-cycle signaling: Atm displays its many
talents. Curr Biol. 1997 Dec 1;7(12):R789-92

Ziv Y, Bar-Shira A, Pecker I, Russell P, Jorgensen TJ, Tsarfati
I, Shiloh Y. Recombinant ATM protein complements the
cellular A-T phenotype. Oncogene. 1997 Jul 10;15(2):159-67

Gatti RA.. Ataxia-telangiectasia. B Vogelstein and K W Kinzler,
Editors, The Genetic Basis of Human Cancer, McGraw-Hill,
Inc., New York. 1998: 275-300.

Telatar M, Teraoka S, Wang Z, Chun HH, Liang T, Castellvi-
Bel S, Udar N, Borresen-Dale AL, Chessa L, Bernatowska-
Matuszkiewicz E, Porras O, Watanabe M, Junker A,
Concannon P, Gatti RA. Ataxia-telangiectasia: identification
and detection of founder-effect mutations in the ATM gene in
ethnic populations. Am J Hum Genet. 1998 Jan;62(1):86-97

Atlas Genet Cytogenet Oncol Haematol. 1999; 3(4)

211

Uhrhammer N et al.

Xie G, Habbersett RC, Jia Y, Peterson SR, Lehnert BE,
Bradbury EM, D'Anna JA. Requirements for p53 and the ATM
gene product in the regulation of G1/S and S phase
checkpoints. Oncogene. 1998 Feb 12;16(6):721-36

Janin N, Andrieu N, Ossian K, Laugé A, Croquette MF,
Griscelli C, Debré M, Bressac-de-Paillerets B, Aurias A,
Stoppa-Lyonnet D. Breast cancer risk in ataxia telangiectasia
(AT) heterozygotes: haplotype study in French AT families. Br
J Cancer. 1999 Jun;80(7):1042-5

This article should be referenced as such:

Uhrhammer N, Bay JO, Gatti RA. Ataxia telangiectasia. Atlas
Genet Cytogenet Oncol Haematol. 1999; 3(4):209-211.




