
Abstract. Background: The ataxia-telangiectasia-mutated
gene (ATM) product is a well-characterized tumour
suppressor that plays a key role in the maintenance of
genomic stability. Given the fact that the loss of
heterozygosity at the ATM locus is common in head and neck
tumours, we investigated the possible association of
7636del9, which is the most frequent ATM deletion, with risk
for oral cancer. Patients and Methods: The 7636del9 9nt
deletion was investigated in DNA samples of 67 German and
Greek patients with oral cancer and 57 healthy controls of
equivalent ethnicity, age and gender, by polymerase chain
reaction (PCR) followed by electrophoretic analysis. Results:
The anticipated deleted sequence was not detected in any of
the DNA samples of oral cancer patients or controls.
Conclusion: The findings of the present study indicated no
association of the most common mutation in the ATM gene
with risk for oral cancer.

Oral squamous cell carcinoma (OSCC), the most common
form of oral cancer, is a major cause of cancer morbidity and
mortality worldwide since it is characterized by poor survival
despite the development of new therapeutic approaches (1).
It is widely recognized that oral carcinogenesis is a multistep
process in which many factors (such as smoking and alcohol
abuse) are implicated, but is also characterized by the
progressive accumulation of genomic aberrations. Such

genetic changes may ultimately lead to a selective growth
advantage and drive tumour formation and progression by
up-regulating oncogenes and/or down-regulating tumour
suppressor genes (2).

Ataxia-telangiectasia-mutated (ATM) is a protein kinase
which functions as a tumour suppressor by triggering
appropriate cellular response to genome damage resulting
from chemical carcinogen exposure or ionizing radiation (3).
Exposure to ionizing radiation does not alter levels of ATM,
but increases its kinase activity several fold (4-7).

Inactivation of the ATM gene seems to be a frequent event
in the development of certain common types of cancer (8-
17). Mutations in the ATM gene have been frequently found
in patients with T-cell and B-cell leukaemias (11-16), while
loss of heterozygosity of the ATM locus at 11q22-23 is a
common event in OSCC and other cancer types (8-10, 17).
Among patients with an abnormal ATM gene, the most
frequently observed mutational change is a 9 bp deletion
(7636del9) involving codons 2546-2548 in exon 54 (18-21).
Although this deletion involves about 8%  of patients with
abnormal ATM, there have been no reports of its
investigation in OSCC samples. Therefore, in light of the
frequent loss of heterozygosity at the ATM locus in oral
carcinomas, we investigated the possible association of this
common deletion with risk for oral cancer.

Patients and Methods

The case group consisted of 67 German and Greek patients, who
were diagnosed with OSCC, based on histological confirmation and
operated between 1 September 1996 and 30 June 2006 at the
University Departments of Oral and Maxillofacial Surgery in
Athens, Greece and in Nurnberg, Germany, and 57 healthy blood
donors of equivalent ethnicity, sex and age. For each patient, a
family history regarding any type of cancer and thrombophilia was
obtained. DNA was isolated from blood samples of patients and
healthy controls using the NucleoSpin™ kit (Macherey-Nagel
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GmbH & Co, Düren, Germany). Molecular detection of the 9 bp
deletion was performed by restriction fragment length
polymorphism typing and agarose gel electrophoretic analysis as
described elsewhere (22, 23). PCR amplification was effected using
the following primers: Forward: 5’-GTTAAGCAAAATGAAAA
ATATGC-3’ and reverse: 5’-GGAAAGACTGAATATCACACTTC-
3’ (VBC Genomics, Vienna, Austria). The generated PCR product
of 284 bp was digested with restriction enzyme Xba I (Takara Bio
Inc., Seta 3-4-1, Otsu, Shiga, 520-2193, Japan), resulting into two
fragments of 204 and 80 bp when a normal undeleted allele is
present. A mutant allele, having lost the 9 bp sequence 5’-
TCTAGAATT-3’, is not cleaved by the enzyme and a band of 275
bp is visible after gel electrophoresis. Some individuals were studied
twice in order to verify the results obtained. 

Results 

The 9 bp deletion (7636del9) in the ATM gene was not
detected in any of the 124 DNA samples studied. All oral
cancer patients as well as all healthy controls were
homozygotes for the normal undeleted allele. Therefore, it is
concluded that the 9 bp deletion is not a predisposing factor
associated with risk for oral cancer.

Discussion

In light of the fact that the loss of heterozygosity at the ATM
locus is common in head and neck tumours, we investigated
the possible association of 7636del9, which is the most
frequent mutation reported in the ATM gene (8% ), with risk
for oral cancer. The obtained data did not support such an
association. 

Despite the small number of OSCC patients studied here
(N=67), the 7636del9 mutation was previously detected in
one patient in a cohort of 68 unrelated familial breast cancer
patients without ataxia-telangiectasia (A-T) (17). The
frequency of the abnormal ATM alleles in Caucasians has
been suggested to be 0.2-1.0% , with 0.5%  being the best
estimate (12). If there is no significantly increased
contribution of ATM mutations in cancer patients compared
to the general population, one would expect 0.34 mutant ATM
carriers among 67 individuals with cancer, assuming that the
average population prevalence of the disease allele is 0.5% .

Alternatively, the frequent 7636del9 mutation may have
severe deleterious effects and its carriers may not survive
beyond the second decade, while our cohort and that of the
breast cancer study (12) involved patients with more
advanced ages (>30 years). In support of this notion, the
heterozygotic presence of 7636del9 in A-T patients has been
associated with the poorest life expectancy among all
carriers of ATM mutations, resulting in a mean survival of
19.2±2.2 years (24). This mutation leads to an in-frame
deletion of codons 2546-2548, resulting in the omission of
3 amino acids in a region upstream from the kinase domain

of the ATM protein (25). Although the ATM protein is
synthesized to almost its full length, this deletion
destabilizes and inactivates it, possibly through interference
with its spatial conformation and/or its capacity to bind to
other factors (26, 27). 

However, due to the absence of data on the disease allele
frequency in various age groups of the studied populations,
these results should be considered preliminary. The
possibility that mutant ATM homozygotes might not have
been ascertained completely still exists, leading to an
underestimation of the population frequency of abnormal
ATM alleles. In addition, there may be an increased
frequency of carriers with subtle mutations in the ATM gene
that do not necessarily result in the major clinical features of
A-T, but still predispose for neoplasia through interference
with cellular functions of ATM protein. This notion would
be supported by the existence of variant forms of A-T as
well as the low consanguinity rate observed in A-T families.
Much larger studies and pooled analyses of mutation
screening will be required to establish whether the
susceptibility to any type of cancer is conferred by mutant
ATM alleles.

Acknowledgements 

This work was co-funded by the European Social Fund and National
Resources (EPEAEK II “Pythagoras” 70/3/7391) grant to E.V.

References 

1 McDowell JD: An overview of epidemiology and common risk
factors for oral squamous cell carcinoma. Otolaryngol Clin of
North Am 39: 277-294, 2006.

2 Weinberg RA: How cancer arises. Sci Am 275: 62-70, 1996.
3 Shiloh Y and Kastan MB: ATM: genome stability, neuronal

development, and cancer cross paths. Adv Cancer Res 83: 209-
254, 2001.

4 Watters D, Khanna KK, Beamish H, Birrell G, Spring K, Kedar P,
Gatei M, Stenzel D, Hobson K, Kozlov S, Zhang N, Farrell A,
Ramsay J, Gatti R and Lavin M: Cellular localisation of the ataxia-
telangiectasia (ATM) gene product and discrimination between
mutated and normal forms. Oncogene 14: 1911-1921, 1997.

5 Lakin ND, Weber P, Stankovic T, Rottinghaus ST, Taylor AM
and Jackson SP: Analysis of the ATM protein in wild-type and
ataxia telangiectasia cells. Oncogene 13: 2707-2716, 1996.

6 Banin S, Moyal L, Shieh S, Taya Y, Anderson CW, Chessa L,
Smorodinsky NI, Prives C, Reiss Y, Shiloh Y and Ziv Y:
Enhanced phosphorylation of p53 by ATM in response to DNA
damage. Science 281: 1674-1677, 1998.

7 Canman CE, Lim DS, Cimprich KA, Taya Y, Tamai K,
Sakaguchi K, Appella E, Kastan MB and Siliciano JD:
Activation of the ATM kinase by ionizing radiation and
phosphorylation of p53. Science 281: 1677-1679, 1998.

8 Lese CM, Rossie KM, Appel BN, Reddy JK, Johnson JT, Myers
EN and Gollin SM: Visualization of INT2 and HST1
amplification in oral squamous cell carcinomas. Genes
Chromosomes Cancer 12: 288-295, 1995.

ANTICANCER RESEARCH 29: 3191-3194 (2009)

3192



9 Uzawa K, Suzuki H, Komiya A, Nakanishi H, Ogawara K,
Tanzawa H and Sato K: Evidence for two distinct tumour-
suppressor gene loci on the long arm of chromosome 11 in
human oral cancer. Int J Cancer 67: 510-514, 1996.

10 Lazar AD, Winter MR, Nogueira CP, Larson PS, Finnemore EM,
Dolan RW, Fuleihan N, Chakravarti A, Zietman A and
Rosenberg CL: Loss of heterozygosity at 11q23 in squamous cell
carcinoma of the head and neck is associated with recurrent
disease. Clin Cancer Res 4: 2787-2793, 1998.

11 Vorechovský I, Luo L, Dyer MJ, Catovsky D, Amlot PL, Yaxley
JC, Foroni L, Hammarström L, Webster AD and Yuille MA:
Clustering of missense mutations in the ataxia-telangiectasia
gene in a sporadic T-cell leukaemia. Nat Genet 17: 96-99, 1997.

12 Yuille MA, Coignet LJ, Abraham SM, Yaqub F, Luo L, Matutes
E, Brito-Babapulle V, Vorechovský I, Dyer MJ and Catovsky D:
ATM is usually rearranged in T-cell prolymphocytic leukaemia
[published erratum appears in Oncogene 1998;16:2955].
Oncogene 16: 789-796, 1998.

13 Stoppa-Lyonnet D, Soulier J, Laugé A, Dastot H, Garand R,
Sigaux F and Stern MH: Inactivation of the ATM gene in T-cell
prolymphocytic leukemias. Blood 91: 3920-3926, 1998.

14 Stankovic T, Weber P, Stewart G, Bedenham T, Murray J, Byrd
PJ, Moss PA and Taylor AM: Inactivation of ataxia
telangiectasia mutated gene in B-cell chronic lymphocytic
leukaemia. Lancet 353: 26-29, 1999. 

15 Luo L, Lu FM, Hart S, Foroni L, Rabbani H, Hammarström L,
Yuille MR, Catovsky D, Webster AD and Vorechovský I: Ataxia-
telangiectasia and T-cell leukemias: no evidence for somatic
ATM mutation in sporadic T-ALL or for hypermethylation of the
ATM-NPAT/E14 bidirectional promoter in T-PLL [published
erratum appears in Cancer Res 1998;58:3488]. Cancer Res 58:
2293-2297, 1998.

16 Bullrich F, Rasio D, Kitada S, Starostik P, Kipps T, Keating M,
Albitar M, Reed JC and Croce CM: ATM mutations in B-cell
chronic lymphocytic leukemia. Cancer Res 59: 24-27, 1999.

17 Vorechovský I, Luo L, Lindblom A, Negrini M, Webster AD,
Croce CM and Hammarström L: ATM mutations in cancer
families. Cancer Res 56: 4130-4133, 1996.

18 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 and Shiloh Y: A single ataxia telangiectasia gene with a
product similar to PI-3 kinase. Science 268: 1749-1753, 1995.

19 Byrd PJ, McConville CM, Cooper P, Parkhill J, Stankovic T,
McGuire GM and Thick JA: Mutations revealed by sequencing
the 5’ half of the gene for ataxia telangiectasia. Hum Mol Genet
5: 145-149, 1996.

20 Gilad S, Khosravi R, Shkedy D, Uziel T, Ziv Y, Savitsky K,
Rotman G, Smith S, Chessa L, Jorgensen TJ, Harnik R, Frydman
M, Sanal O, Portnoi S, Goldwicz Z, Jaspers NG, Gatti RA,
Lenoir G, Lavin MF, Tatsumi K, Wegner RD, Shiloh Y and Bar-
Shira A: Predominance of null mutations in ataxia-telangiectasia.
Hum Mol Genet 5: 433-439, 1996.

21 Telatar M, Wang Z, Udar N, Liang T, Bernatowska-
Matuszkiewicz E, Lavin M, Shiloh Y, Concannon P, Good RA
and Gatti RA: Ataxia-telangiectasia: mutations in ATM cDNA
detected by protein-truncation screening. Am J Hum Genet 59:
40-44, 1996.

22 Wright J, Teraoka S, Onengut S, Tolun A, Gatti RA, Ochs HD
and Concannon P: A high frequency of distinct ATM gene
mutations in ataxia-telangiectasia. Am J Hum Genet 59: 839-
846, 1996.

23 Sandoval N, Platzer M, Rosenthal A, Dörk T, Bendix R,
Skawran B, Stuhrmann M, Wegner RD, Sperling K, Banin S,
Shiloh Y, Baumer A, Bernthaler U, Sennefelder H, Brohm M,
Weber BH and Schindler D: Characterization of ATM gene
mutations in 66 ataxia telangiectasia families. Hum Mol Genet 8:
69-79, 1999.

24 Li A and Swift M: Mutations at the ataxia-telangiectasia locus
and clinical phenotypes of A-T patients. Am J Med Genet 9:
170-177, 2000.

25 Lavin MF, Scott S, Gueven N, Kozlov S, Peng C and Chen P:
Functional consequences of sequence alterations in the ATM
gene. DNA Repair 3(8-9): 1197-1205, 2004.

26 Watters D, Khanna KK, Beamish H, Birrell G, Spring K, Kedar
P, Gatei M, Stenzel D, Hobson K, Kozlov S, Zhang N, Farrell A,
Ramsay J, Gatti R, Lavin M: Cellular localization of the ataxia-
telangiectasia (ATM) gene product and discrimination between
mutated and normal forms. Oncogene 14: 1911-1921, 1997.

27 Khanna KK, Keating KE, Kozlov S, Scott S, Gatei M, Hobson
K, Taya Y, Gabrielli B, Chan D, Lees-Miller SP and Lavin MF:
ATM associates with and phosphorylates p53: mapping the
region of interaction. Nat Genet 20: 398-400, 1998.

Received January 11, 2008
Revised April 3, 2008

Accepted April 21, 2008

Spyridonidou et al: Deletion in the ATM Gene and Oral Cancer 

3193



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


