
CLINICAL AND LABORATORY INVESTIGATIONS BJD British Journal of Dermatology

Deregulation of the tumour suppressor genes p14
ARF,

p15
INK4b, p16

INK4a and p53 in basal cell carcinoma
P. Kanellou, A. Zaravinos, M. Zioga* and D.A. Spandidos

Laboratory of Virology, Medical School, University of Crete, Heraklion 71100, Crete, Greece

*A. Sygros Hospital, Department of Dermatology, Medical School, University of Athens, Athens, Greece

Correspondence
D.A. Spandidos.

E-mail: spandidos@spandidos.gr

Accepted for publication
21 December 2008

Key words
basal cell carcinoma, microsatellite instability ⁄ loss
of heterozygosity, mRNA expression, mutations,

p14ARF, p15INK4b, p16INK4a, p53

Conflicts of interest
None declared.

P.K. and A.Z. contributed equally to this work

and should be considered as first authors.

DOI 10.1111/j.1365-2133.2009.09079.x

Summary

Background Basal cell carcinoma (BCC) is a locally aggressive slowly growing
tumour that rarely metastasizes and is mostly seen in older members of the
population.
Objectives To determine the involvement of the tumour suppressor genes p14ARF,
p15INK4b, p16INK4a and p53 in BCC.
Methods We investigated the integrity of the CDKN2A locus in 15 BCC samples by
analysing the presence of allelic imbalance ⁄ loss of heterozygosity (LOH). More-
over, we studied the mRNA expression levels of the tumour suppressor genes
p14ARF, p15INK4b, p16INK4a and p53 in the BCC samples and compared them
with mRNA levels in the corresponding normal tissue. The presence of mutations
was examined by sequencing for exons 1a and 2 of p16INK4a.
Results We found LOH in one BCC sample for the marker D9S1748. A polymor-
phism (G442A) of exon 2 was detected in three cases. p14ARF, p15INK4b and p53
presented high expression levels, whereas p16INK4a exhibited low mRNA levels
compared with the corresponding normal tissue. Significant correlations were
detected among the genes studied.
Conclusions Our results demonstrate a different expression profile between p16INK4a

and p14ARF, p15INK4b and p53 in BCC. Moreover, we found a low percentage of
LOH and of a polymorphic sequence variant (Ala148Thr) for the CDKN2A locus.

Basal cell carcinoma (BCC) of the skin is the most common

neoplasm among the Caucasian population of the western

world.1–3 Epidemiological data indicate that the overall inci-

dence of BCC is increasing significantly, by about 3–10%

annually, worldwide.4 BCC, a keratinocyte-derived tumour, is

a locally aggressive slowly growing tumour that rarely metas-

tasizes3,5 and is mostly seen in the more elderly members of

the population.6 Many genetic and environmental factors con-

tribute to the development of skin cancer. Of these, solar

ultraviolet (UV) radiation—a potent environmental DNA-dam-

aging agent known to induce skin cancer7–9—is considered to

be the most important. When these mutations affect the func-

tion of sufficient numbers of oncogenes, tumour suppressor

genes and important housekeeping genes, they result in an

uncontrolled cell cycle and the transformation of keratino-

cytes.10 As well as causing mutations in DNA directly,

UV-altered signal transduction may affect mutation frequency

indirectly. For example, it alters the cell cycle, leaving less

time for DNA repair prior to the subsequent round of replica-

tion, or reduces the levels of the enzymes that protect cells

from UV damage.11 Nevertheless, it can be argued that

susceptibility genes also play a potential role in BCC risk, for

example based on the observation that these tumours are

sometimes found on parts of the body not chronically exposed

to the sun.3,6 The INK4a ⁄ARF (CDKN2A) and INK4b (CDKN2B)

gene loci are located at chromosomal band 9p21. The locus

CDKN2A encodes two tumour suppressor genes, p16INK4a and

p14ARF, both involved in the negative control of cell prolifera-

tion. They share common exons 2 and 3, but have alterna-

tively spliced first exons (exon 1a for p16INK4a and 1b for

p14ARF) (Fig. 1). These first exons are under the control of

distinct promoters and uniquely create two proteins that have

no sequence homology at the amino acid level.12 p16INK4a is a

cyclin-dependent kinase (CDK) 4 inhibitor that specifically acts

at the G1 ⁄S phase of the cell cycle by negatively controlling

retinoblastoma (Rb) phosphorylation status,13 while p14ARF

binds to Mdm2 (murine double minute), preventing both

Mdm2-mediated p53 degradation and Mdm2-mediated Rb

inactivation and causing the arrest of the G1 and G2 phases of

the cell.14,15 Consequently, stabilized p53 can induce tempo-

rary and permanent growth arrest, DNA repair, terminal

differentiation or apoptosis in response to oncogenic signals
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and DNA damage.16 p15INK4b, another CDK inhibitor gene

located in chromosome region 9p21.2, has a strong structural

and functional homology to p16INK4a,17 and is transcription-

ally activated by transforming growth factor-b.18 The p15INK4b

protein binds to the cdk4–cyclin D complex, displacing p27

and freeing it to bind to and inhibit the cdk2–cyclin E com-

plex required for entry into the S phase of the cell cycle.19

The p16INK4a and p14ARF genes are found altered in primary

tumours such as melanoma and carcinomas of the lung, blad-

der, breast, oesophagus and head and neck.17,20–24

In this study, we investigated the integrity of the CDKN2A

locus in 15 BCC samples by analysing the presence of allelic

imbalance ⁄ loss of heterozygosity (LOH) in microsatellite

markers. Moreover, we studied the expression levels of the

tumour suppressor genes p14ARF, p15INK4b, p16INK4a and p53

in those BCC samples, and compared them with the corre-

sponding adjacent normal tissue. Furthermore, the presence of

mutations was examined by direct sequencing of exons 1a

and 2 of p16INK4a.

Materials and methods

Tumour specimens and DNA extraction

Fifteen BCC ⁄normal tissue paired samples were obtained from

patients treated at ‘A. Sygros’ Hospital (Athens, Greece) with

the approval of the donors and the Institute’s ethical commit-

tee. All samples were histopathologically examined by an

experienced pathologist prior to DNA extraction. Extreme

effort was made to avoid any adjacent normal tissue and to

isolate areas of tissue containing > 70% tumour cells. Clinico-

pathological characteristics of the patients are depicted in

Table 1. Immediately following dissection, the specimens were

stored at )80 �C until DNA extraction. A matched DNA con-

trol from blood was analysed. Genomic DNA was extracted

using proteinase K, followed by phenol ⁄chloroform extraction

and ethanol precipitation. All specimens were examined for

the presence of amplifiable DNA using a set of primers for the

b-globin gene.

Microsatellite instability ⁄ loss of heterozygosity analysis

The DNA sample and matched blood or genomic DNA of each

patient were analysed for genetic alterations using five highly

polymorphic microsatellite (dinucleotide repeat) markers. The

selection of the chromosome region examined and of the

markers used was based on previous studies on skin cancer

that have shown chromosomal locations exhibiting a variable

degree of alteration. Three markers, D9S171, D9S1748 and

D9S974, were chosen because of their location with respect to

the CDKN2A exons (chromosome 9p21). In addition, all have

a high informativity rate (heterozygosity score) and produce a

polymerase chain reaction (PCR) product small enough for

the successful amplification of DNA. The markers D17250 and

TP53 were used to detect LOH in the regions 17q21 and

17p13.1, respectively. All primer oligonucleotide sequences

and amplification conditions used were as before,25 and geno-

typing was performed on a LICOR Long ReadIR2 4200 DNA

sequencer (Li-Cor Biosciences, Lincoln, NE, U.S.A.) as previ-

ously reported. Analysis was performed at least twice and the

results were highly reproducible.

Mutational analysis

Exon 2 of both the p16INK4a and p14ARF genes and the alter-

natively spliced exon 1a of p16INK4a were amplified by PCR

from genomic DNA with the use of primers complementary

to their flanking intron sequences. The sequences of the

primers for exon 2 and exon 1a have previously been identi-

fied.26 PCR was carried out under standard conditions as

described above. Dimethyl sulphoxide (5%) was added to

the reaction buffers for both nucleotide sequencing and PCR

amplification. The reactions were denatured for 3 min at

94 �C, and the DNA was subsequently amplified for 40

cycles at 94 �C, 60 �C (for exon 1b), 61 �C (for exon 2)

and 72 �C at each step, followed by a final extension step at

72 �C for 10 min. The PCR products were resolved through

2% agarose gel, excised and purified (QIAquick Gel Extrac-

tion Kit; Qiagen, Hilden, Germany) to remove unincorpo-

rated primers and dNTPs. The sequencing reaction contained

4 lL Big Dye Terminator ready-reaction mix (PE ABI, War-

rington, U.K.), 2 lL of the purified PCR product and

1Æ6 pmol of sequencing primer in a total reaction volume of

10 lL. Reaction conditions were: 96 �C for 10 s, 50 �C
for 10 s and 60 �C for 4 min, for 25 cycles. Sequencing

products were precipitated with isopropanol to remove

Fig 1. The CDKN2A locus structure. UTR, untranslated region.

Table 1 Clinicopathological characteristics of the patients (n = 15)

M ⁄F 10 ⁄5
Age (years) 65–82

Mean ± SD 75 ± 7Æ5
Site of BCC lesion, n

Forehead ⁄ temples 10

Cheek 2
Nose 1

Hand 1
Leg 1

Medical history, n

Skin cancer 7
Other type of cancer ⁄ immunosuppression 0

BCC, basal cell carcinoma.
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unincorporated dye terminators and resuspended in 10 lL of

loading buffer (formamide : dextran sulphate ⁄ethylenedia-

mine tetraacetic acid, 5 : 1). Products were run on a 377

ABI PRISM automatic sequencer and analysed with Sequenc-

ing Analysis software (PE ABI).

RNA extraction and reverse transcription

Tissue specimens were homogenized in TRIzol� reagent (Invi-

trogen, Carlsbad, CA, U.S.A.) using a power homogenizer, fol-

lowed by chloroform addition and centrifugation. Total RNA

was precipitated from the supernatant with isopropanol,

washed with 75% ethanol and resuspended in 50 lL diethyl-

pyrocarbonate-treated water. The concentration and purity of

the RNA were calculated based, respectively, on the measure-

ment of its 260-nm and 260 ⁄280-nm absorbance ratios using

a UV spectrophotometer. cDNA was synthesized by reverse

transcription with a TaqMan� Reverse Transcription reagents

kit (Applied Biosystems, Foster City, CA, U.S.A.). In detail,

reverse transcription buffer (10 ·), 2 lg of total RNA,

2Æ5 lmol L)1 of random hexamers, 500 lL dNTPs, 0Æ4
U lL)1 RNase inhibitor, 1Æ25 U lL)1 MultiScribe Reverse

Transcriptase and RNase-free water, to a total volume of

20 lL, were incubated at 25 �C for 10 min and heated at

48 �C for 30 min followed by enzyme inactivation at 95 �C
for 5 min.

Real-time polymerase chain reaction

CDKN2A, CDKN2B and p53 mRNA expression was measured

using a real-time PCR assay with SYBR�-Green I. All primer

pairs were designed to span at least one intron in order to

avoid the amplification of contaminating genomic DNA along

with the cDNA (Fig. 2). Primer pairs and amplification condi-

tions used were as previously reported25 with the Mx3000P

real-time PCR thermal cycler (Stratagene, La Jolla, CA, U.S.A.).

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used

as an internal control to normalize CDKN2A, CDKN2B and p53

expression levels. Specifically, 1 lL cDNA from the BCC

samples was amplified in a PCR reaction containing 2 · Bril-

liant SYBR-Green I QPCR Master Mix, 300 nmol L)1 of each

primer and 30 lmol L)1 ROX� passive reference dye in a final

volume of 20 lL.

In order to verify the results of the melt curve analysis,

PCR products were analysed by electrophoresis on 2% agarose

gel, stained with ethidium bromide and photographed on a

UV transilluminator. Two nontemplate controls were included

in each PCR reaction.

All reactions were run in triplicate, and the CDKN2A,

CDKN2B and p53 transcript levels were calculated and normal-

ized to each specimen’s housekeeping gene mRNA (GAPDH) as

well as to the appropriate calibrators. Relative quantification

was performed using the DDCt method, as previously

described.27 A 2-fold increased (‡ 2) or decreased (£ 0Æ5)

value was considered mRNA overexpression or downregula-

tion, respectively, in that skin sample.

Statistical analysis

The nonparametric Spearman rank correlation was used to

examine the pair-wise relation of the genes’ mRNA levels and

their association with continuous variables (age, sex, sun

exposure, site of lesion, duration of lesion, history of sun

burns, prior skin cancer and concomitant tumour). The

Mann–Whitney U and Kruskal–Wallis H tests were used, when

indicated by the analysis, to examine CDKN2 loci expression

status with various clinicopathological parameters after stratifi-

cation. All statistical analyses were performed with SPSS 11.5

(SPSS, Chicago, IL, U.S.A.). Statistical significance was set at

the 95% level (P < 0Æ05).

Results

Loss of heterozygosity ⁄microsatellite instability analysis

Only one BCC sample displayed LOH for the marker

D9S1748, whereas no instability was noted for any of the

samples in the aforementioned markers (Fig. 3a).

Fig 2. Melt curve analysis for the p14ARF,

p15INK4b, p16INK4a, p53 and glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) genes.

Single peaks for all genes and the absence of

peaks for the nontemplate controls (NTCs)

demonstrates the exclusion of any genomic

DNA contamination and the specificity of the

polymerase chain reaction products.
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CDKN2A polymorphisms – analysis of the p16
INK4a gene

We screened 15 BCC cases for germline mutations. Exon 2,

common to both genes, and the alternatively spliced exon 1a

of p16INK4a were amplified by PCR from genomic DNA with

the use of primers complementary to their flanking intron

sequences. We found a previously described polymorphic

sequence variant25,26,28 of the CDKN2A gene, a G > A transi-

tion at base 442 of exon 2 that results in an alanine to threo-

nine substitution at codon 148 (Ala148Thr) (Fig. 3c). This

was detected in three of the 15 cases (20%). The Ala148Thr

polymorphism does not have to influence the regular function

of p16INK4a, as it was demonstrated that it has the same

potency to inhibit cyclin D1 ⁄CDK4 and cyclin D1 ⁄CDK6 as

the wild-type protein. Additionally, there was no sequence

variant detected in any of the patients concerning the unique

exon 1a of the p16INK4a gene (Fig. 3b).

Characterization of the p14
ARF, p15

INK4b, p16
INK4a and

p53 gene expression levels

Table 2 depicts the expression levels of the genes studied in

the BCC tissues. All the tumour suppressor genes were

expressed in all the samples. The genes p14ARF, p15INK4b and

p53 presented a similar expression pattern, exhibiting under-

expression in around 13–20% of the samples, whereas a sig-

nificant percentage (40–67%) exhibited high transcript levels.

However, in 11 BCC samples p16INK4a exhibited low levels of

expression compared with the corresponding normal tissue

(mean fold ± SD was 0Æ27 ± 0Æ15) and three samples (20%)

showed equal levels of expression between the two tissue

types (0Æ85-fold), while only one sample exhibited 14-fold

overexpression compared with the corresponding control tis-

sue. No statistical significance in the mRNA levels of the

tumour suppressor genes studied could be discerned between

the pathological tissue and the corresponding phenotypically

normal tissue (Fig. 4).

mRNA expression pair-wise analysis and correlation

between loss of heterozygosity ⁄microsatellite instability

analysis results and expression of the tumour suppressor

genes

The Spearman test was run in order to detect possible correl-

ations in the evaluation of the coexpression patterns of the

tumour suppressor genes in the BCC and normal skin tissue

groups. The results are displayed in Table 3. Specifically, in

BCC a positive correlation between p14ARF and p15INK4b

(a)

(b)

(c)

Fig 3. (a) One loss of heterozygosity (LOH) for the marker D9S1748

was detected in the 15 basal cell carcinoma (BCC) samples. The arrow

indicates the position of the deleted allele. The faint band in the

position of the deleted allele is interpreted as contamination by

adjacent normal DNA (N). (b) Representative electropherogram

presenting the wild-type (wt) sequence in exon 1a of the CDKN2A

gene at nucleotide 213. (c) Comparative presentation of sequencing

electropherograms in exon 2 of the p16INK4a gene. The upper panel

depicts the wt sequence, while the lower panel shows a sample

heterozygous for the G > A polymorphism at base 442 (Ala148Thr).

The relevant area is marked with an arrow.

Table 2 Expression status of the tumour suppressor genes studied in
basal cell carcinoma compared with the adjacent normal tissue

(n = 15)

Gene

Relative mRNA expression

› (%),

mean ± SD

— (%),

mean ± SD

fl (%),

mean ± SD

p14ARF 10 ⁄15 (67)
3Æ03 ± 1Æ35

3 ⁄15 (20)
1Æ43 ± 0Æ50

2 ⁄15 (13)
0Æ29 ± 0Æ08

p15INK4b 7 ⁄15 (47)
3Æ09 ± 1Æ36

5 ⁄15 (33)
1Æ67 ± 0Æ25

3 ⁄15 (20)
0Æ21 ± 0Æ21

p16INK4a 1 ⁄15 (7)
14Æ03 ± 0Æ0

3 ⁄15 (20)
0Æ85 ± 0Æ33

11 ⁄15 (73)
0Æ27 ± 0Æ15

p53 6 ⁄15 (40)
2Æ99 ± 1Æ54

7 ⁄15 (47)
1Æ39 ± 0Æ46

2 ⁄15 (13)
0Æ12 ± 0Æ14

›, overexpression; —, equally expressed samples; fl, under-

expression.
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(P = 0Æ002) and a negative correlation between p53 and

p15INK4b (P = 0Æ020) was found. Conversely, these correl-

ations were absent in the normal skin tissue, and the negative

correlation between p15INK4b and p16INK4a found in the nor-

mal tissue (P < 0Æ001) was lost in the BCC samples. More-

over, a negative correlation between p53 and p14ARF was

present in both BCC and its adjacent normal tissue (P = 0Æ014

and P = 0Æ011, respectively).

The only BCC sample that displayed LOH at the D9S1748

marker exhibited underexpression of p16INK4a and overexpres-

sion of p14ARF.

Discussion

We found a low incidence of LOH confined to chromosome

arm 9p in one of the 15 BCC samples examined for the

microsatellite marker D9S1748. Our data confirm the results of

two previous studies reported by Quinn et al.5,29 However, they

are contrary to other studies reporting a significantly higher

incidence of LOH on the 9p arm,2,3,30 perhaps due to differ-

ences in the markers used and in the number of specimens

examined.

We did not screen the p15INK4b gene because, to date,

no mutations of this gene have been reported in melanoma

kindreds.31

As previously reported by Saridaki et al.,3 we found the

G442A (Ala148Thr) polymorphic sequence variant in the

CDKN2A gene in three of 15 BCC samples. However, all

the BCCs were characterized by the lack of mutations in exon

1a of p16INK4a, in contrast to our last report regarding squa-

mous cell carcinoma (SCC), where novel mutations were

detected on this exon.25

We noted a 40% rate of p53 overexpression in BCC com-

pared with the adjacent normal tissue, while more than half

of the BCC samples (67%) exhibited increased levels of

p14ARF, noted also by the negative correlation between the

(a) 

(b) 

Fig 4. (a) mRNA levels of the p14ARF,

p15INK4b, p16INK4a and p53 genes. The

majority of the p14ARF, p15INK4b and p53

genes exhibited higher expression levels in

the basal cell carcinoma (BCC) than in the

normal tissue adjacent to the BCC sample

[N(BCC)]. However, p16INK4a presented the

reverse expression pattern, being

underexpressed in the majority of BCC

samples. No statistically significant difference

could be deduced. Box plots show the 25th,

50th (median) and 75th percentile values.

Whiskers show the minimum and maximum

values. (b) Summary of the mRNA expression

levels of the p14ARF, p15INK4b, p16INK4a and

p53 genes in BCC compared with N(BCC).
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two genes. A possible explanation for this observation is the

role played by p53 in protecting cells from DNA damage,

which results in these transformed keratinocytes undergoing

apoptosis.32 Loss of p14ARF has been suggested to be function-

ally equivalent to p53 inactivation as p14ARF stabilizes p53;

therefore, cells lacking p53 are resistant to p14ARF-induced

arrest.33,34

In the presence of both p16INK4a and p15INK4b, p16INK4a

forms more stable binary complexes with both CDK4 and

CDK6, thus displacing and leading to the degradation of

p15INK4b. However, upon the loss of p16INK4a, CDK4 inhibi-

tion is maintained by p15INK4b. This could possibly explain

the high percentage (47%) of p15INK4b overexpression

observed, while the majority of the samples (73%) exhibited

p16INK4a underexpression, as expected. Therefore, the inactiva-

tion of the p16INK4a gene product might be the result of

reduced expression levels, apart from LOH, promoter hyper-

methylation and ⁄or mutations in the INK4a ⁄ARF locus.35

However, despite the fact that this inactivation is commonly

associated with more malignant features in many tumours,36

including BCC,37–42 there are recent reports stating a strong

p16INK4a mRNA expression in BCC skin.43–45 Eshkoor et al.43

recently found a significant protein and mRNA expression in

BCC cells when compared with normal skin tissue. However,

the samples they tested were paraffin-embedded skin BCC,

and not freshly frozen tissue. Moreover, apart from phylo-

genetic differences (Iranian tissue samples), conflicting results

could be attributed to different methods used, which demands

a strict determination of optimum experimental conditions.

Furthermore, there appears to be a strong relationship

between the level of invasiveness and expression of p16INK4a.

The results of Svensson et al.44 linked p16INK4a expression to a

highly invasive BCC subtype with infiltrative growth patterns,

followed by ceased proliferation. However, the results of Con-

science et al.45 appear to conflict with those of Svensson et al.,

as they did not observe any difference in the expression of

p16INK4a among different histological types of carcinoma

(BCC, SCC and Bowen’s disease), and suggested that p16INK4a

expression does not correlate with the degree of proliferation

and malignancy. Instead Conscience et al. stated that p16INK4a

overexpression is significantly associated with the location on

sun-exposed areas.

In conclusion, our results demonstrate a different expression

profile between p16INK4a and p14ARF, p15INK4b and p53 in

BCC. Our data emphasize the importance of a group of

tumour suppressor genes in BCC, especially that of p16INK4a,

which appears to be inactivated by low transcript levels, apart

from LOH, promoter hypermethylation, and ⁄or mutations in

the CDKN2A locus. Moreover, we found a low percentage of

LOH and of a polymorphic sequence variant (Ala148Thr) for

the CDKN2A locus. However, the subsequent mechanisms of

carcinogenesis still remain unclear.
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