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A common variant of CDKN2A (p16) predisposes to breast

cancer
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Background: A common missense variant of the CDKN2A gene (A148T) predisposes to malignant
melanoma in Poland. An association between malignant melanoma and breast cancer has been reported
in several families with CDKN2A mutations,

Objective: To determine whether this variant also predisposes to breast cancer.

Methods: Genotyping was undertaken in 4209 cases of breast cancer, unselected for family history, from

18 hospitals throughout Poland and in 3000 controls.
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genes that are associated with increased susceptibility to
common types of cancer. There are several approaches to
this problem, including the use of chip based single
nucleotide polymorphism (SNP) arrays to interrogate a large
number of genes simultaneously, and preselecting candidate
genes of interest. Candidate genes for cancers at a particular
site may be selected because they are known to predispose to
malignancies in other organs, or because they are mutated
somatically in the cells from the cancer of the interest. It is
possible that missense variants of genes for which truncating
mutations are clearly pathogenic may also be deleterious, but
with reduced penetrance. In this situation the association
may be overlooked unless large numbers of cancers are
studied. The CDKN2A (OMIM 600160) gene is a tumour
suppressor gene that is involved in susceptibility to malignant
melanoma' and has also been implicated in familial
pancreatic cancer.” The plé protein is a cyclin dependent
kinase inhibitor that suppresses cell proliferation’ and is
expressed in a wide range of tissues, including the breast, and
in breast cancers.* Somatic mutations of CDKN2A are present
in tumours of various sites,” including head and neck
tumours,® squamous cell carcinoma of the larynx,” colon
cancer,® clear cell sarcoma,” and respiratory tract tumours."
In Poland, a single missense variant of CDKN2A (an alanine to
threonine substitution at codon 148: A148T) is present in
approximately 3% of the general population.'" '*We have recently
shown that this variant predisposes to malignant melanoma
(odds ratio (OR) = 2.5; p =0.0003)."” It has been suggested by
Borg and colleagues that protein truncating CDKN2A mutations
predispose women to breast cancer in the context of a syndrome
of melanoma, pancreatic cancer, and breast cancer." They
observed eight cases of breast cancer in the Swedish families,
compared with 2.1 expected (p = 0.002). There are few other data
on this topic. Ghiorzo ef al observed a non-significant excess of
breast cancers in seven melanoma families with CDKN2A
mutations (OR = 1.9; 95% confidence interval (CI), 0.4 to 5.6)."
Somatic CDKN2A mutations have not been well studied in
breast cancers, but silencing of CDKN2A through methylation

There is continuing interest in identifying low penetrance

Results: The odds ratio (OR) associated with the CDKN2A allele for women diagnosed with breast cancer
before the age of 50 was 1.5 (p=0.002) and after age 50 it was 1.3 (p=0.2). The effect was particularly
strong for patients diagnosed at or before the age of 30 (OR=3.8; p=0.0002).

Conclusions: CDKN2A appears to be a low penetrance breast cancer susceptibility gene in Poland. The
association should be confirmed in other populations.

appears to be a relatively common way of inactivating this
tumour suppressor gene in the breast.'* Furthermore, deletion or
loss of heterozygosity at the CDKN2A locus (9p21) is relatively
common in breast cancers.'” To establish whether or not this
common missense variant of CDKN2A predisposes to breast
cancer we undertook an association study on 4209 cases of breast
cancer and 3000 ethnically matched controls from Poland.

METHODS

Study subjects

This study population includes prospectively ascertained
cases of invasive breast cancer diagnosed at 18 treatment
centres throughout Poland from 1997 to 2003. The study was
approved by the ethics committee of the Pomeranian
University. We are conducting a national study of unselected
breast cancer patients diagnosed at or before the age of 50.
Patients diagnosed before 2003 at the affiliated hospitals and
who were aged 50 or less were eligible. Patients with pure
intraductal or intralobular cancer (DCIS or LCIS) were
excluded but those with DCIS with microinvasion were
included. The patient was invited to participate in person
during her hospital stay or through a mailed invitation.
During the interview the goals of the study were explained,
informed consent was obtained, genetic counselling was
given, and a blood sample was taken for DNA analysis. A
detailed family history of cancer was taken (first and second
degree relatives included) and a risk factor questionnaire was
completed. In all, 4778 incident cases of early onset invasive
breast cancer were identified at the 18 different centres
during the study period. Of these, 3627 women (76%)
accepted the invitation to participate in the genetic study.
The medical record and pathology report were reviewed. In a
companion study, seven of these centres also provided data
on unselected breast cancer cases diagnosed above the age of
50 between 2000 and 2002. In the present study we provide
data on patients diagnosed before the age of 50 and on a
smaller number of patients diagnosed at 51 and above. The
results of the two study groups are presented separately.
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We excluded 309 patients from the analyses: 114 patients died
before providing a blood sample and 16 refused to participate at
a later date. We were unable to carry out molecular tests in 164
cases because of poor DNA quality. In 15 cases we had no data
on age of onset. This brought the total number of breast cancer
cases studied to 4209, including 3318 cases diagnosed at 50 or
below and 891 diagnosed at age 51 and above.

Controls

Two control groups were combined. The first group consisted of
2000 newborn male and female children from 10 hospitals
situated throughout Poland in 2003 and 2004. Samples of cord
blood from unselected infants were forwarded to the study
centre in Szczecin. The second control group consisted of 1000
adults from the region of Szczecin unselected for cancer family
history, sex, or age. These were patients randomly selected
from the patient roles of participating family physicians. They
were unaffected by cancer and were not selected for family
history. To ensure comparability of the control groups, the
frequency of the A148T allele was computed separately for the
adult and neonatal control groups, and by geographical origin,
and the groups compared. Because the two controls groups
were comparable (see below) they were combined.

Laboratory methods

DNA samples were obtained from peripheral blood or from
umbilical chord blood in newborns. The A148T variant was
analysed by restriction fragment length polymorphism
polymerase chain reaction (PCR), wusing nplé6ex2f
(AGGGGTAATTAGACACCTGG) and npléex2r
(TTTGGAAGCTCTCAGGGTAC) primers. PCR products were
digested with the Sacll enzyme and separated in 2-3%
agarose gels. The presence of the A148T change was
confirmed by direct DNA sequencing.

Statistical analysis

Statistical analysis included a comparison of the prevalence
of the A148T allele in cases and controls. Odds ratios were
generated from 2x2 tables and statistical significance was
assessed using a y? test.

RESULTS

The Al148T variant was detected in 5.1% of breast cancer
patients diagnosed at age 50 or below, in 4.5% of cases
diagnosed at age 51 and above, and in 3.5% of Polish controls
(table 1). For women diagnosed below age 50 the odds ratio
was 1.5 (p = 0.002). For women diagnosed over age 50 the odds
ratio was modest and non-significant (OR =1.3; p=0.2). In
the small group of patients diagnosed with breast cancer at age
30 and under, the prevalence of the CDKN2A variant was 12.1%
and the association was much stronger (OR = 3.8; p = 0.0002).
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No A418T homozygotes were seen in the either cases and
controls. There were 0.9 homozygotes expected among controls
(p=0.3) and 2.4 expected among breast cancer cases (p = 0.1).

Among the 3318 women diagnosed with breast cancer under
age 50, 692 had a family history of a first or second degree
relative with breast cancer. For the familial cases the odds ratio
observed with the A148T allele was 1.4 (95% CI, 0.9 to 2.1) and
among the non-familial cases the odds ratio was 1.5 (1.1 to
1.9). For 732 cases data on family history were not available.

Our control group was drawn both from the newborns of 10
Polish cities and from the adult population from the region of
Szczecin. However, the frequency of the alleles was similar in
the newborn population (3.5%) and the adult population
(3.6%). The allele was equally frequent among males (3.5%)
and females (3.6%) and among controls recruited from
Szczecin (3.5%) and from elsewhere in Poland (3.6%).

DISCUSSION

We have shown that the A148T allele of the CDKN2A gene is
overrepresented in a population of unselected patients with
breast cancer in Poland, compared with controls. It will be of
interest to see if this mutation or other founder CDKN2A
alleles are found to be associated with breast cancer
susceptibility in other ethnic groups. Our study was notable
because of the large sizes of the case and control groups. Our
cases and controls were both drawn from the Polish
population and the great majority of the residents are ethnic
Poles. This level of genetic homogeneity has enabled us to
find founder alleles of several other breast cancer genes,
including BRCA1 and CHEK2."* " Our cases and control
groups differed in terms of age, sex, and geographical
distribution, but none of these factors was associated with
the frequency of the p16 A148T allele.

Large well controlled studies will be required to estimate
with precision the risk of breast cancer associated with
CDKN2A founder alleles in different populations. Given the
magnitude of the relative risk observed here (1.5) and the low
prevalence of the variant allele in the population (3.5%),
studies of a few hundred cases would have insufficient power
to detect similar risks. For example, the A148T variant was
overrepresented in melanoma kindreds from Australia (3%) in
comparison with the general population (1.8%), but the study
was relatively small (200 controls) and the finding was not
significant (p=0.73).*° In England, Bertram and colleagues
found the A148T in 4.9% of adults from 179 melanoma-prone
families and in 5.2% of controls.*' Ghiorzo et al found the A148T
variant in five of 14 melanoma families in Italy."” Because the
variant did not segregate completely with the melanoma
phenotype in these families, the investigators concluded that
the allele was a polymorphic variant. However, the allele
frequency was not measured in controls and the data are
consistent with that of a low penetrance melanoma gene.

Table 1 Frequencies of CDKN2A variant alleles in breast cancer patients and controls
Number Mutation
tested positive Prevalence Odds ratio  p Value
Controls 3000 105 3.5%
Breast cancer cases
Under 50 y
20-30y 66 8 12.1% 3.8 0.0002
31-40 y 582 24 4.1% 1.2 0.46
41-50 y 2670 136 5.1% 1.5 0.003
Total 3318 168 5.1% 1.5 0.002
Over age 50 y
S5l+y 891 40 4.5% 1.3 0.17
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Given that the relative risk observed for carriers of this allele is
1.5 for breast cancer, we do not expect this to generate familial
cancer clusters. In our study we did not observe a greater risk
with familial versus non-familial cancers.

We provide epidemiological evidence to support the deleter-
ious nature of the A148 allele. Previous functional studies
suggested that this variant is a polymorphism and appears not
to have a major effect on p16 function.”> ** It is possible that the
A148T allele subtly affects p16 function or reduces its level of
expression, or that the A148T variant is in linkage disequili-
brium with another genetic alteration that does affect protein
function. We have previously shown that the A148T variant is
in strong linkage disequilibrium with a second alteration in the
CDKN2A promoter (the P493 variant).” We have now
genotyped 100 individuals (50 with and 50 without the
A148T variant) for the P493 variant and found complete
concordance between the presence of the two variants.

Three previous studies have reported that breast cancers
appeared more commonly than expected in melanoma
kindreds with truncating CDKN2A mutations' > ** but there
have been no previous CDKN2A mutation surveys among
unselected cases of breast cancer, and no reports of breast
cancer associated with a missense mutation.

In summary, these data provide compelling evidence that
CDKN2A should be considered to be a breast cancer
susceptibility gene. We found that the association between
the CDKN2A variant and breast cancer risk was particularly
strong for cases diagnosed before age 30. It is of interest that
in the study of Borg et al one of the breast cancer cases
identified in a family with the CDKNA 113insArg mutation in
Sweden was only 23 years old. This situation is reminiscent to
that of p53 and Li-Fraumeni syndrome, in which very early
onset cases of breast cancer are characteristic.”

Identification of breast cancer susceptibility genes that are
associated with modest penetrance requires very large
association studies. Not all populations harbour carriers at
the same frequency, and different mutations may be
associated with different cancer risks. Large well controlled
studies are needed to establish the full range of risks
associated with CDKN2A founder alleles in different popula-
tions and to estimate the corresponding risks associated with
various mutations for various cancer sites.

ACKNOWLEDGEMENTS

We thank J Mitus$ for contributing patients to this study and to R
Scott for technical advice.

Authors’ dffiliations

T Debniak, B Gérski, T Huzarski, T Byrski, C Cybulski, J Gronwald,
E Kowalska, J Lubinski, Department of Genetics and Pathology,
International Hereditary Cancer Centre, Pomeranian Medical University,
Szczecin, Poland

S A Narod, Centre for Research in Womens’ Health, University of
Toronto, Canada

A Mackiewicz, S Gozdecka-Grodecka, Department of Cancer
Immunology, Poznah, Poland

O Haus, Department of Clinical Genetics, Bydgoszcz, Poland

E Grzybowska, Department of Tumour Biology Maria Skfodowska-Curie
Institute, Gliwice, Poland

M Stawicka, Prophylactic and Epidemiology Centre, Poznan, Poland
M Swiec, Regional Oncology Hospital, Opole, Poland

K Urbanski, Regional Oncology Centre, Krakéw, Poland

S Niepsuj, Regional Oncology Hospital, Olsztyn, Poland

B Wasko, Regional Hospital, Rzeszéw, Poland

S Gé6zdz, Holycross Oncology Centre, Kielce, Poland

P Wandzel, Regional Hospital, Bielsko-Biata, Poland

C Szczylik, Military Hospital, Warsaw, Poland

D Surdyka, Regional Hospital, Lublin, Poland

A Rozmiarek, Regional Oncology Hospital, Zielona Géra, Poland

O Zambrano, Regional Hospital, t6dz, Poland

M Posmyk, Regional Oncology Hospital, Bictystok, Poland

765

Competing inferests: none declared

REFERENCES

1 Monzon J, Liu L, Brill H, Goldstein AM, Tucker MA, From L, McLaughlin J,
Hogg D, Lassam NJ. CDKN2A mutations in multiple primary melanomas.

N Engl J Med 1998,338:879-87.

2 Whelan AJ, Bartsch D, Goodfellow PJ. Brief report: a familial syndrome of
pancreatic cancer and melanoma with a mutation in the CDKN2 tumor-
suppressor gene. N Engl J Med 1995;33:975-7.

3 Serrano M, Hannon GJ, Beach D. A new regu|afory motif in ce||-cyc|e control
causing specific inhibition of cyclin D/CDK4. Nature 1993;366:704-7.

4 Van Zee KJ, Calvano JE, Bisogna M. Hypomethylation and increased gene
expression of p16INK4a in primary and metastatic breast carcinoma as
compared to normal breast tissue. Oncogene 1998;16:2723-7.

5 Ruas M, Peters G. The p16INK4a/CDKN2A tumor suppressor and its
relatives. Biochem BiopEys Acta 1998;1378:F115-77.

6 Schneider-Stock R, Giers A, Motsch C, Boltze C, Evert M, Freigang B,
Roessner A. Hereditary p16-Leiden mutation in a patient with multiple head
and neck tumors [letter]. Am J Hum Genet 2003;72:216-18.

7 Smigiel R, Sasiadek M, Krecicki T, Ramsey D, Jagielski J, Blin N. Inactivation
of the cyclin-dependent kinase inhibitor 2A (CDKN2A) gene in squamous cell
carcinoma of the larynx. Mol Carcinog 2004;39:147-54.

8 Burri N, Shaw P, Bouzourene H, Sordat |, Sordat B, Gillet M, Schorderet D,
Bosman FT, Chaubert P. Methylotion silencing and mutations of the p14ARF
and p16INK4a genes in colon cancer. Lab Invest 2001;81:217-29.

9 Takahira T, Oda Y, Tamiya S, Yamamoto H, Kawaguchi K, Kobayashi C,
Iwamoto Y, Tsuneyoshi M. Alterations of the p]élNKAa/p]AARF pathway in
clear cell sarcoma. Cancer Sci 2004;95:651-5.

10 Belinsky SA, Nikula KJ, Palmisano WA, Michels R, Saccomanno G,
Gabrielson E, Baylin SB, Herman JG. Aberrant methylation of p16(INK4a) is
an early event in lung cancer and a potential biomarker for early diagnosis.
Proc Natl Acad Sci USA 1998,95:11891-6.

11 Debniak T, Gorski B, Scott RJ, Cybulski C, Medrek K, Zlowocka E,
Kurzawski G, Debnick B, Kladny J, Bielecka-Grzela S, Maleszka R, Lubinski J.
Germline mutation and large deletion andlysis of the CDKN2A and ARF genes
in families with multiple mjanomo or an aggregation of malignant melanoma
and breast cancer. Int J Cancer 2004;110:558-62.

12 Lamperska K, Karezewska A, Kwiatkowska E, Mackiewicz A. Analysis of
mutations in the p16/CDKN2A gene in sporadic and familial melanoma in
the Polish population. Acta Biocﬁim Pol 2002;49:369-76.

13 Debniak T, Scott RJ, Huzarski T, Byrski T, Rozmiarek A, Debniak B, Zaluga E,
Maleszka R, Kladny J, Gorski B, Cybulski C, Gronwald J, Kurzawski G,
Lubinski J. CDKN2A common variants and their association with melanoma
risk: a population-based study. Cancer Res 2005;65:835-9.

14 Borg A, Sandberg T, Nilsson K, Johannsson O, Klinker M, Masback A,
Westerdahl J, Olsson H, Ingvar C. High frequency of multiple melanomas and
breast and pancreas carcinomas in CDKN2A mutation-positive melanoma
families. J Natl Cancer Inst 2000;92:1260-6.

15 Ghiorzo P, Ciotti P, Mantelli M, Heouaine A, Queirolo P, Rainero ML,
Ferrari C, Santi PL, De Marchi R, Farris A, Ajmar F, Bruzzi P, Bianchi-
Scarra G. Characterization of ligurian melanoma families and risk of
occurrence of other neoplasia. Int J Cancer 1999;83:441-8.

16 Nielsen NH, Roos G, Emdin SO, Landberg G. Methylation of the p16(Ink4a)
tumor suppressor gene 5'-CpG island in breast cancer. Cancer Lett
2001;163:59-69.

17 Gorgoulis VG, Koutroumbi EN, Kotsinas A, Zacharatos P, Markopoulos C,
Giannikos L, Kyriakou V, Voulgaris Z, Gogas |, Kittas C. Alterations of p16-
pRb pathway and chromosome locus 9p21-22 in sporadic invasive breast
carcinomas. Mol Med 1998;4:807-22.

18 Gorski B, Byrski T, Huzarski T, Jakubowska A, Menkiszak J, Gronwald J,
Pluzanska A, Bebenek M, Fischer-maliszewska L, Grzybowska E, Narod SA,
Lubinski J. Founder mutations in the BRCA1 gene in Poﬁlsh families with breast-
ovarian cancer. Am J Hum Genet 2004;75:1131-5.

19 Cybulski C, Gorski B, Huzarski T, Masojc B, Mierzejewski M, Debniak T,
Teodorczyk U, Byrski T, Gromwald J, Matyjasik J, Zlowocka E, Lenner M,
Grobows{c E, Nej K, Castaneda J, Medrek K, Szymanska A, Szymanska J,
Kurzawski G, Suchy J, Oszurek O, Witek A, Narod SA, Lubinski J. CHEK2 is
a multiorgan cancer susceptibility gene. Am J Hum Genet 2004,75:1131-5.

20 Aitken J, Welch J, Duffy D, Milligan A, Green A, Marfin N, Hayward N.
CDKN2A variants in a population-based sample of Queensland families with
melanoma. J Natl Cancer Inst 1999;9:446-52.

21 Bertram CG, Gaut RM, Barrett JH, Pinney E, Whitaker L, Turner F, Bataille V,
Dos Santos Silva I, J Swerdlow A, Bishop DT, Newton Bishop JA. An
assessment of the CDKN2A variant Ala148Thr as a nevus/melanoma
susceptibility allele. J Invest Dermatol 2002;119:961-5.

22 Ranade K, Hussussian CJ, Sikorski RS, Varmus HE, Goldstein AM, Tucker MA,
Serrano M, Hannon GJ, Beach D, Dracopoli NC. Mutations associated with
familial melanoma impair p16INK4 function. Nat Genet 1995;10:114-16.

23 Lilischkis R, Sarcevic B, Kennedy C, Warlters A, Sutherland RL. Cancer-
associated mis-sense and deletion mutations impair p16INK4 CDK inhibitory
activity. Int J Cancer 1996,66:249-54.

24 Prowse AH, Schultz DC, Guo S, Vanderveer L, Dangel J, Bove B, Cairns P,
Daly M, Godwin AK. Identification of a splice acceptor site mutation in

16INK4A/p14ARF within a breast cancer, melanoma, neurofibroma prone
Eindred. J Med Genet 2003;40:102.

25 Nichols KE, Malkin D, Garber JE, Fraumeni JF, Li FP Germ-line p53 mutations
predispose to a wide spectrum of early-onset cancers. Cancer Epidemiol
Biomarkers Prev 2001;10:83-7.

www.jmedgenet.com


http://jmg.bmj.com

