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Background. Both capillary hemangioblastoma (CHB) and pheochromocytoma (PCC)
are rare, usually benign tumours occurring sporadically or as part of familial cancer
syndromes. The genetic background of most of the inherited cases is well established,
but the molecular causes of sporadic cases remains poorly characterized. To better un-
derstand the molecular mechanisms of CHB and PCC pathogenesis, we analysed the
genetic and epigenetic alterations of the p16 and p14 genes at the CDKN2A locus.

Materijals and methods. Aberrant methylation of the p16 and p14 genes was ana-
lysed in 16 cases with CHB or PCC by means of methylation-specific PCR. The dif-
ferential polymerase chain reaction was used to prove the occurrence of the genetic
deletion of p16. For comparison, 28 cases of glioma — a highly malignant tumour of
the brain — was included into the study.

Results. Data of our study show that gene p16 is hypermethylated in 25% of CHBs
and in 25% of PCCs, while in gliomas this alteration is more frequent (35%) and pre-
dominantly occurs in low-grade tumours (67%). Frequent hypermethylation of the
p14 gene was observed in PCCs (50%) and CHBs (37.5%), but was less prevalent in
gliomas (26%). When all alterations in the CDKN2A locus were considered, including
hypermethylation of p16 and pI4, and genetic deletion of p16,75% of PCC, 62.5% of
CHB, and 64% of gliomas had at least one alteration of this locus.

Conclusions. Our study adds new data to understanding the involvement of the
CDKN2A locus in the pathogenesis of CHB and PCC - two of the most common VHL-
related tumours. Furthermore, aberrant methylation in the CDKN2A locus is also fre-
quent in gliomas.

Key words: CDKN2A locus, promoter methylation, glioma, capillary hemangioblas-
toma, pheochromocytoma

INTRODUCTION

(ARF) genes. The tumour suppressor p16 is an inhibitor of
cyclin-dependent kinases 4 and 6 (CDK4 and CDK6) and

The cyclin-dependent kinase inhibitor 2A (CDKN2A) locus
on the human chromosome 9p21 encodes two important
cell cycle regulators — the p16 (CDKN2A/INK4a) and p14
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is a significant component of the retinoblastoma protein
(pRB) regulatory pathway (1). The ARF protein encoded by
pl4is an important player in the p53 pathway; it is respon-
sible for the stabilization and increased functionality of p53
(1). Inactivation of this locus through genetic deletion or
aberrant promoter DNA methylation has been observed in
various malignancies, including gliomas (2-4) and pheo-
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chromocytomas (5, 6). Moreover, the evidence obtained
using a mouse model (7) strongly supports involvement
of CDKN2A locus in the development of pheochromocy-
toma (PCC). Our previous study (8), conducted by means
of immunohistochemistry, identified a frequent loss of the
pl6 protein expression in gliomas, PCC and capillary he-
mangioblastomas (CHB). We continued our studies on the
pathogenesis of PCC and CHB (8, 9) by analysing genetic
losses and DNA hypermethylation in the promoter region
of the p16 and p14 genes at the CDKN2A locus. For com-
parison, cases with glioma - a highly malignant tumour of
the central nervous system (CNS) — were included into the
study.

Capillary hemangioblastoma (CHB) is a benign hyper-
vascular tumour most frequently located in the CNS and in
some cases in the retina (10). About 20-30% of all CHBs
occur as part of familial von Hippel-Lindau (VHL) disease
caused by inherited mutation of the VHL gene, but sporadic
cases are also common among the patients (10, 11). Pheo-
chromocytoma (PCC) is a rare tumour arising from neural
crest-derived chromaffin cells in the adrenal medulla. The
majority (80-90%) of PCCs are sporadic cases, but they
may occur also as part of several cancer syndromes, includ-
ing VHL disease (12). Mutations of the VHL gene have been
observed not only in familial cases of CHB and PCC, but
also are detectable in sporadic tumours (13). However, re-
cent data have pointed to the involvement of other genes in
the pathogenesis of CHB and PCC, especially in sporadic
cases (14, 15).

Glioma is the most prevalent tumour of the brain, which
accounts for 2% of all cancers and results in a dispropor-
tionately high share of cancer morbidity and mortality (16).
Gliomas are derived from glial cells (astrocytes, oligodentro-
cytes and ependymocytes) and comprised of astrocytomas,
glioblastoma multiforme (GBM), oligodendrogliomas, and
ependymomas. GBM is the most common (accounting for
60-70% of all malignant gliomas) and the most malignant
variant of glioma, with most of the patients dying within 1
year after diagnosis (16, 17). Tumourigenesis of glioma is a
complex process, and the p16-pRb and ARF-p53 cell cycle

Table 1. Main characteristics of study groups

arrest pathways play a prominent role in glial transforma-
tion (16, 17).

Aberrant DNA methylation in the promoter region of
tumour suppressor genes (TSGs) is an early and ubiquitous
process in human cancer, which has a deleterious effect on
gene expression and normal cellular functions. Altered epi-
genetic modifications contribute to many of the hallmarks
of cancer cells, including the loss of cell cycle control due
to inactivation of major regulatory proteins, such as p16
and ARF (18). Our previous studies (19-21) and data of
other researchers have revealed a frequent inactivation of
the genes on the CDKN2A locus through aberrant promot-
er methylation in a wide spectrum of tumours, including
carcinomas of lung, bladder, head and neck, while data on
DNA methylation status on this locus in human PCC and
CHB are very scarce.

We extended our previous studies on the molecular
pathways of hemangioblastoma and pheochromocytoma
and analysed the genetic and epigenetic alterations of the
pl6 and pI4 genes on the CDKN2A locus. For comparison,
a set of cases with glioma, a highly malignant tumour of the
brain, was included into the study.

MATERIALS AND METHODS

Patients and samples

The study analysed 8 cases of PCC, 8 cases of CHB and
28 cases of glioma, mainly diagnosed as glioblastoma
(75%). The main characteristics of the study group are pre-
sented in Table 1. The study was approved by the Lithuanian
Ethics Committee.

Paraffin-embedded tumour specimens were obtained
from the archives of the National Centre of Pathology,
Lithuania. All good-quality CHB and PCC samples and
representative samples of glioma collected at the National
Centre of Pathology (NPC) during 2002-2005 were includ-
ed into the study. For the analysis of genetic and epigenetic
alterations, genomic DNA was extracted from the speci-
mens by digestion with proteinase K, followed by standard
phenol-chloroform purification and ethanol precipitation.

Sex
Tumour Number Male | Female (Me;\g?\’lg?iaagon))
Glioma 28 19 64.0 (38-80)

« Glioblastoma 21 9 12 65.9 (49-80)

- Oligodendroglioma 4 0 4 50.5 (38-61)

« Astrocytoma 2 0 2 66.0 (57-75)

- Oligoastrocytoma 1 0 1 75
Hemangioblastoma® 8 4 2 36.2 (22-79)
Pheochromocytoma 8 4 4 49.5 (25-64)
All cases 44 17 26 57.3 (22-80)

2Demographic data are missing for two cases of capillary hemangioblastoma.
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DNA extracted from leukocytes of healthy controls
(n = 2) and DNA from the cancer cell lines T24 (from
American Type Culture Collection, USA), U87, U138, U251
and U373 (kindly provided by Prof. Tom Bohling, HUSLAB
Helsinki, Finland) were used as the controls in TSG hyper-
methylation studies.

Methylation analysis of the p16 and p14 genes
Methylation-specific PCR (MSP; 22) was used for the analy-
sis of the methylation pattern in the 5’ region of the p16 and
p14 genes (Fig. 1A). Genomic DNA (1 pg) was exposed to
bisulphite modification as described elsewhere (20). Briefly,
1 pg of genomic DNA was denatured with 3 M NaOH for
15 min at 37 °C and then exposed to bisulphite modifica-
tion with 2.3 M sodium metabisulphite and 10 mM hyd-
roquinone (all chemicals from Sigma-Aldrich Inc, Gilling-
ham, Dorsel, UK). Exposure to sodium metabisulphite was
carried out at 50 °C for 16 h. Modified DNA was purified
with the Wizard DNA Clean-up System (Promega, Madison,
WI), desulphonated with 3 M NaOH and precipitated with
ethanol.

PCR primers specific to methylated (M) and unmeth-
ylated (U) sequences within the 5 region of the p16 and
pl4 genes were designed according to published sequenc-

A
KL KM GL11 us7
SmM m u m u m u mu
- = -— -
KL KM HB4 HB5
SmMm mu m u m u m u
B Sm KL GL7 GL12
190 bp ACTB
147 bp p16

Fig. 1. An example of p76 and p74 promoter methylation analysis by meth-
ylation-specific PCR (MSP; A) and p76 deletion detection by differential PCR,
using B-actin (ACTB) as a reference gene (B). Sm — size marker, m — meth-
ylated, u — unmethylated PCR product, KL — leukocyte DNA, KM — in vitro
methylated DNA, U87 — glioma cell line, GL — glioma, HB — capillary he-
mangioblastoma

es (22, 23) and purchased from biomers.net (Ulm Donau,
Germany).

The MSP reaction mixture for 25 pl of total reaction
volume contained 1-2 pl of bisulphite-modified DNA tem-
plate, PCR buffer, 0.4 mM of each deoxynucleotide triphos-
phate, 2.5 mM of MgClz, 1% of dimethylsulfoxide, sense and
antisense primers at the final concentration of 6 ng/ul and
1.25 U of AmpliTaq Gold polymerase (Applied Biosystems,
Piscataway, NJ). The PCR was performed in a thermocycler
(Mastercycler ep gradient S, Eppendorf AG, Hamburg, Ger-
many) under the following conditions: hot start at 95 °C for
10 min, 35 to 37 cycles at 95 °C for 45 s, annealing at 64 or
66 °C (p16 and p14, respectively) for 455,72 °C for 45 s,and
the final extension at 72 °C for 10 min. The PCR product
was analyzed on non-denaturing polyacrylamide gel after
ethidium bromide staining. The gene was recorded as being
hypermethylated when MSP amplification products were
detected in both reactions with the primers for M and U
sequence, or for M sequence only (Fig. 1A).

Bisulphite-modified DNA from leukocytes of healthy
donors was used as a negative control and in vitro meth-
ylated DNA (SssI methylase, New England BioLabs Inc,
Beverly, MA) or DNA from cancer cell lines as a positive
control. Non-template (water) controls were included in
each PCR.

Gene deletion analysis by differential PCR

Cases negative in the MSP reaction (neither methylated
nor unmethylated MSP product detected) were analysed
by means of the differential PCR (dPCR; (2)) to confirm
the occurrence of genetic deletion. Negative MSP reactions
were mainly observed in the p16 gene region, thus only this
gene was included in the dPCR analysis. The sequence cov-
ering the p16 gene region analysed in MSP was included
in the dPCR analysis. As a reference, the sequence for the
gene [B-actin was used (2). The PCR reaction was conducted
in 25 pl of the total reaction volume that contained 1 pl of
non-modified DNA template, PCR buffer, 0.4 mM of each
deoxynucleotide triphosphate, 2.5 mM of MgCl,, primers
for the analysed gene and P-actin at final concentrations
of 1 uM, and 1 U of AmpliTaq Gold polymerase (Applied
Biosystems). DNA was amplified with 36 cycles of PCR and
analysed on polyacrylamide gel after ethidium bromide
staining. Samples positive for -actin reaction, but negative
for p16 or showing a week signal were considered as having
a deletion of the pI6locus (Fig. 1B).

Statistical analysis

Two-sided Fisher’s exact test was used for a comparison
of categorical variables. Odds ratios (OR) and the exact or
Mantel-Haenszel 95% confidence intervals (CI) for two bi-
nomial samples were calculated. P < 0.05 was considered as
statistically significant.
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Table 2. Summary of molecular analysis in gliomas, capillary hemangioblastomas, and pheochromocytomas. Status of the p76 and p74 genes pro-
moters was evaluated by means of methylation-specific PCR and differential PCR

Frequency of alterations (%)
Tumour type ::;I g::sr 16 methylati 16 deleti 14 methylati Bllalieationiy
p16 methylation p16 deletion p14 methylation CDKN24 locus
Glioma 28 9/26;35% 6/26;23% 7/27;26% 16/ 25; 64%
Low-grade 7 4/6;67% 1/6;17% 3/7,43% 5/6;83%
High-grade 21 5/20;25% 5/20;25% 4/20;20% 11/19;58%
Hemangioblastoma 8 2/8;25% 1/8;12.5% 3/8;37.5% 5/8;62.5%
Pheochromocytoma 8 2/8;25% 0/8;0% 4/8;50% 6/8;75%
RESULTS CDKN2A locus (Fig. 2). However, hypermethylation of the

Genetic and epigenetic inactivation of the p16 and p14
genes

Aberrant promoter methylation of the p16 gene (Table 2)
was observed in two cases with CHB (2/8; 25%) and
two cases with PCC (2/8; 25%). Similarly, the gene p14 pro-
moter was hypermethylated in three cases with CHB (3/8;
37%) and four cases with PCC (4/8; 50%). In total, the prev-
alence of hypermethylation in these tumours was 25% for
the p16 gene and 41% for the p14 gene. One case with CHB
(1/8; 12.5%) was negative in the p16 MSP reaction and was
analysed by dPCR. Occurrence of the genetic deletion was
proved by this method. In total, 69% (11/16) of the cases
with CHB or PCC were identified either with genetic (dele-
tion) or epigenetic (DNA methylation) alterations of genes
on the CDKN2A locus.

In gliomas, the frequency of hypermethylation was
35% (9/26) in the pI6 gene and 26% (7/27) in the pI14
gene. Hypermethylation of these genes was more prevalent
(Table 2) in low-grade gliomas (astrocytomas, oligoastro-
cytomas, oligodendrogliomas) as compared to high-grade
tumours - glioblastomas. However, this difference did not
reach statistical significance (p = 0.13 for the p16 gene and
p = 0.33 for the p14 gene). Deletion of the pI6 gene was
detected in one case (17%) with low-grade glioma and in
25% (5/20) of high-grade gliomas. In total, 64% (16/25) of
gliomas had at least one alteration of the analysed locus. In-
terestingly, hypermethylation of the genes in the CDKN2A
locus or p16 deletion were identified in all but one cases
with low-grade glioblastoma, showing the significance of
this locus in this type of malignancies.

In glioma cell lines, hypermethylation of the pI16 gene
was detected in the cell line U87, while no hypermethyla-
tion of the gene p14 was observed in any of glioma cell lines
analysed. Leukocyte DNA from healthy controls was nega-
tive for methylation in both genes.

A comparison of benign tumours (PCC and CHB) with
gliomas did not reveal statistically significant differences
in the frequencies of epigenetic or genetic changes of the

P16 gene was most frequent in low-grade gliomas (67%;
p = 0.06 as compared with other tumours), while the p14
gene hypermethylation was predominant in PCC (50%;
p = 0.19 as compared with other tumours).

Associations to clinical and molecular variables

No significant associations were observed between the
genes methylation or mutation and clinical-demograph-
ic variables of the cases in the total group of tumours. A
separate analysis of gliomas as the most homogeneous and
numerous group of the study revealed some important ten-
dencies. Hypermethylation of p14 was prevalent in female
patients with glioma and not found in men (p = 0.059;
OR 12.39; CI 0.62-246.32). The proportion of those who
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Fig. 2. Frequency of promoter methylation and deletion of the p76 gene, pro-
moter hypermethylation of the p74 gene and alterations of at least one gene,
including p53. * Data on p53 are published in (8)
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Fig. 3. Associations between the p16 protein expression and deletion or hypermethylation of the p76 gene (A);
associations between aberrant p53 expression and alterations of the p76 or p74 genes

survived longer than one year after the diagnosis was higher
among cases with pI16 hypermethylation or mutation than
in patients without these alterations (83% vs 50%).

The genetic and epigenetic alterations of the CDKN2A
locus were correlated with the p16 and p53 protein expres-
sion assessed by means of immunohistochemistry (IHC)
in our previous study (8) on the same set of cases. In PCC
and CHB, neither p16 nor p53 expression were detected. In
gliomas, only 7% of cases with pI16 deletion or hypermeth-
ylation showed a strong IHC signal (IHC3) for p16, while
40% of cases without genetic or epigenetic inactivation of
p16 expressed pl6 abundantly (Fig. 3A). In gliomas, p14
hypermethylation almost equally occurred in cases with an
aberrant and normal p53 expression (29% and 25%, respec-
tively), while p16 alterations were more prevalent among
p53 wild-type cases (73% vs 50% as compared with p53-
mutant cases; Fig. 3B).

When alterations in all tree genes (p16, p14 and TP53)
were considered, 82% of gliomas were positive for at least
one of these biomarkers (Fig. 2). In contrast, aberrant ex-
pression of p53 was rare in benign tumours (PCC and CHB)
and did not improve the diagnostic value of the molecular
system of biomarkers analysed in our study.

DISCUSSION

In the present study, we report a frequent inactivation of
genes on the CDKN2A locus through aberrant methylation
or genetic deletion in the rare and usually benign human
neoplasms — pheochromocytoma and hemangioblastoma.
At least one alteration of this locus was observed in 75% of
PCC and in 62.5% of CHB, but was also frequent (64%) in
gliomas — malignant tumours of the brain. The study pro-

vides first data on the frequency of aberrant methylation in
the promoter region of the p16 and p14 genes in CHB.

The CDKN2A locus on chromosome 9p21 encodes
two important regulators from the pRB and p53 path-
ways — the pl6 (CDKN2A/INK4a) and p14 (ARF) genes.
The p16 gene encodes an inhibitor of the cyclin-dependent
kinases CDK4 and CDK®6; inactivation of this inhibitor
causes an uncontrolled proliferation of cancer cells. ARF
protein regulates p53 stability in response to aberrant cell
growth induced by oncogenic stimuli and, like the p16 pro-
tein, is also frequently inactivated during tumourigenesis.
These two genes have different promoters and exon 1, but
share the exons 2 and 3 that are transcribed in alternative
reading frames (1). In cancer cells, both promoters can be
inactivated through aberrant DNA methylation independ-
ently of each other. However, deletion of the 9p21 locus can
inactivate both genes, or even include additional TSGs re-
siding in this locus.

Previous studies (6, 24), including our own data (8),
revealed a frequent loss of p16 expression in gliomas and
PCCs. Also, our recent study (8) for the first time showed a
frequent loss of p16 expression in CHB. Both events, genetic
deletion and promoter hypermethylation, are shown to be
involved in the inactivation of p16 expression in gliomas
and PCCs. Nakamura et al. (2) detected a frequent (13/50;
26%) deletion of the p16 gene in glioblastomas, but no such
deletion was found in low-grade gliomas (2, 25). Similarly,
in our study, deletion of the p16 gene was detected in 25%
of high-grade gliomas, but was rare (1/6) in low-grade glio-
mas. Genetic deletion of the pI16 locus occurred also in one
case with CHB, but was not observed in PCC.

Numerous studies of various human tumours have
supported the observation that p16 expression can be lost
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due to the aberrant DNA methylation in the promoter of
the gene. In our study, aberrant promoter methylation oc-
curred in 25% of CHBs and in 25% of PCCs. This epige-
netic alteration was also frequent (35%) in gliomas, and
predominantly occurred in low-grade tumours (67%).
In glioblastomas, the published frequency of pI6 pro-
moter hypermethylation varies considerably among stud-
ies — from less than 10% up to 90% (2, 26-28). In agree-
ment with our data, frequent hypermethylation of p16 in
low-grade gliomas has been shown in several studies (29,
30). In PCC, our data on the moderate frequency of pI6
hypermethylation are in line with other two studies (5, 6)
in which the rates of this alteration were 24% and 35.5%,
respectively.

In general, our present study on the inactivation of p16
through genetic deletion or aberrant promoter methylation
is in good agreement with our previous data (8) on p16
expression. In gliomas, 14 out of 15 cases with the gene-
tic or epigenetic inactivation of pI16 had also reduced the
expression of the p16 protein. Interestingly, all cases with
CHB and PCC showed a reduced or no p16 staining in our
previous study (8), despite DNA methylation or mutation
status, showing the importance of additional regulators for
the p16 expression in these tumours. Similarly, the study of
Muscarella et al. (6) showed a reduced p16 expression in all
but one cases with PCC, while the genetic and epigenetic al-
terations occurred only in a set (68%) of the cases. In CHB,
no data on the frequency of genetic deletions or promoter
hypermethylation of the pI6 gene have been published up
to date.

The reported frequencies of pI14 promoter methylation
in gliomas range from 20 to 40% (3,4, 29, 31). Furthermore,
aberrant methylation of pI4 was shown to be associated
with the progression of astrocytic tumours. In PCC, only
one study (32) analysed pI4 hypermethylation, and no
such studies have been conducted in CHB. Kiss et al. (32)
reported frequent (73%; 32/44) p14 methylation using an
MSP assay, but a quantitative analysis revealed low levels
of the gene methylation. In the present study, p14 gene pro-
moter methylation was frequent in PCCs (50%) and CHBs
(37.5%), but less abundant in gliomas (26%).

ARE encoded by p14, is a protein of the p53-regulated
pathway. When the results of our previous study (8) were
considered in combination with the present data, we noted
an exclusive nature of the occurrence of p53 alterations and
p14 hypermethylation. In PCC and CHB, where no aberrant
expression of p53 was detected by means of immunohisto-
chemistry, aberrant methylation of p14 was a frequent event
that occurred in 44% of cases. In contrast, in glioblastomas
where p53 alterations were obviously predominant (65%),
p14 hypermethylation was not a common event (20%). The
exclusive nature of the inactivation of genes from the same
pathway is a well known phenomenon. As an example, in

gliomas He et al. (31) observed a negative correlation be-
tween p14 methylation and p53 protein expression. Moreo-
ver, Watanabe et al. (3) have provided an evidence that al-
ternative alterations of the p53 and p14 genes can serve as a
significant predictor of a shorter progression-free survival
in glioma. No such association with the survival of patients
was detected in our study.

In summary, when all data on the genetic and epige-
netic alterations of the CDKN2A locus were combined with
the results on p53 expression, at least one alteration in the
CDKN2A locus and p53 was found in 82% of gliomas. The
alterations of the CDKN2A locus were also abundant in
CHBs (62.5%) and PCC (75%), but p53 mutations were rare
in these tumours. Our study supports the finding of other
studies (5, 6, 32) that aberrant methylation of the p16 and
p14 genes is highly important in PCC pathogenesis and for
the first time reports a frequent inactivation of these genes
in CHB.

CONCLUSIONS

The study contributes to the understanding of molecu-
lar pathways in the pathogenesis of poorly studied tu-
mours — hemangioblastoma and pheochromocytoma — and
shows a frequent inactivation of the genes p16 and p14
through aberrant methylation and genetic deletion in these
tumours. In addition, our study supports data on the fre-
quent involvement of the CDKN2A locus in the pathogen-
esis of gliomas - highly aggressive tumours of the CNS.

ACKNOWLEDGEMENTS

The work was supported by grants T-75/07 and C-03/07
from the Lithuanian State Science and Studies Foundation.

Received 28 January 2011
Accepted 28 February 2011

References

1. Kim WY, Sharpless NE. The regulation of INK4/ARF in
cancer and aging. Cell. 2006; 127(2): 265-75.

2. NakamuraM, Watanabe T, Klangby U, Asker C, WimanK,
Yonekawa Y et al. p14ARF deletion and methylation in
genetic pathways to glioblastomas. Brain Pathol. 2001;
11(2): 159-68.

3. Watanabe T, Katayama Y, Yoshino A, Komine C, Yokoya-
ma T. Deregulation of the TP53/p14ARF tumor sup-
pressor pathway in low-grade diffuse astrocytomas and
its influence on clinical course. Clin Cancer Res. 2003;
9(13): 4884-90.

4. Watanabe T, Katayama Y, Yoshino A, Yachi K, Ohta T,
Ogino A, Komine C, Fukushima T. Aberrant hyper-



10

Justina Tverkuviené, Aida Laurinaviciené, Kristina Daniuinaité, Asta S¢ésnaité, Sonata Jarmalaité

10.

11.

12.

13.

14.

15.

16.

methylation of p14ARF and O6-methylguanine-DNA
methyltransferase genes in astrocytoma progression.
Brain Pathol. 2007; 17(1): 5-10.

Dammann R, Schagdarsurengin U, Seidel C, Triim-
pler C, Hoang-Vu C, Gimm O, Dralle H, Pfeifer GP,
Brauckhoff M. Frequent promoter methylation of
tumor-related genes in sporadic and men2-associated
pheochromocytomas. Exp Clin Endocrinol Diabetes.
2005; 113(1): 1-7.

Muscarella P, Bloomston M, Brewer AR, Mahajan A,
Frankel WL, Ellison EC et al. Expression of the
p16INK4A/Cdkn2a gene is prevalently downregulated
in human pheochromocytoma tumor specimens. Gene
Expr. 2008; 14(4): 207-16.

You MJ, Castrillon DH, Bastian BC, O’Hagan RC,
Bosenberg MW, Parsons R, Chin L, DePinho RA. Ge-
netic analysis of Pten and Ink4a/Arf interactions in the
suppression of tumorigenesis in mice. Proc Natl Acad
Sci USA. 2002; 99(3): 1455-60.

Laurinaviciene A, Petroska D, Tverkuviene J, Daniun-
aite K, Scesnaite A, Jarmalaite S. Frequent aberrant ex-
pression of p53 protein in gliomas, but not in capillary
hemangioblastomas and pheochromocytomas. Acta
Medica Lituanica. 2009; 16(3-4):130-8.

Lemeta S, Jarmalaite S, Pylkkanen L, Bohling T, Husgafv-
el-Pursiainen K. Preferential loss of the nonimprinted
allele for the ZAC1 tumor suppressor gene in human
capillary hemangioblastoma. ] Neuropathol Exp Neurol.
2007; 66(9): 860-7.

Glasker S. Central nervous system manifestations in
VHL: genetics, pathology and clinical phenotypic fea-
tures. Fam Cancer. 2005; 4(1): 37-42.

Hussein MR. Central nervous system capillary hae-
mangioblastoma: the pathologist’s viewpoint. Int J Exp
Pathol. 2007; 88(5): 311-24.

Gimm O. Pheochromocytoma-associated syndromes:
genes, proteins and functions of RET, VHL and SDHx.
Fam Cancer. 2005; 4(1): 17-23.

Kaelin WG. Von Hippel-Lindau disease. Annu Rev
Pathol. 2007; 2: 145-73.

Lemeta S, Pylkkdnen L, Sainio M, Niemeld M, Saariko-
ski S, Husgafvel-Pursiainen K, Bohling T. Loss of hetero-
zygosity at 6q is frequent and concurrent with 3p loss
in sporadic and familial capillary hemangioblastomas. J
Neuropathol Exp Neurol. 2004; 63: 1072-9.

Lemeta S, Salmenkivi K, Pylkkdnen L, Sainio M, Saa-
rikoski ST, Arola J, Heikkild P, Haglund C, Husgafvel-
Pursiainen K, Bohling T. Frequent loss of heterozygos-
ity at 6q in pheochromocytoma. Hum Pathol. 2006; 37:
749-54.

Schwartzbaum JA, Fisher JL, Aldape KD, Wrensch M.
Epidemiology and molecular pathology of glioma. 2006;
2(9): 494-503.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Furnari FB, Fenton T, Bachoo RM, Mukasa A, Stom-
mel JM, Stegh A et al. Malignant astrocytic glioma: ge-
netics, biology, and paths to treatment. Genes Dev. 2007;
21(21): 2683-710.

Herman ]G, Baylin SB. Gene silencing in cancer in asso-
ciation with promoter hypermethylation. N Engl ] Med.
2003; 349: 2042-54.

Jarmalaite S, Kannio A, Anttila S, Lazutka JR, Husgafvel-
Pursiainen K. Aberrant pl6 promoter methylation in
smokers and former smokers with nonsmall cell lung
cancer. Int J Cancer. 2003; 106(6): 913-8.

Jarmalaite S, Jankevicius F, Kurgonaite K, Suziedelis K,
Mutanen P, Husgafvel-Pursiainen K. Promoter hyper-
methylation in tumour suppressor genes shows associa-
tion with stage, grade and invasiveness of bladder can-
cer. Oncology. 2008; 75(3-4): 145-51.

Séesnaité A., Gudleviciené 7., Jarmalaité S. Promoter hy-
permethylation of tumour suppressor genes in tumour
cells from patients with head and neck cancer. Biologija.
2008; 54(3): 161-6.

Herman ]G, Graff JR, Myohanen S, Nelkin BD, Bay-
lin SB. Methylation-specific PCR: a novel PCR assay for
methylation status of CpG islands. Proc Natl Acad Sci
USA. 1996; 93(18): 9821-6.

Esteller M, Tortola S, Toyota M, Capella G, Peinado MA,
Baylin SB, Herman JG. Hypermethylation-associated
inactivation of p14(ARF) is independent of p16(INK4a)
methylation and p53 mutational status. Cancer Res.
2000 Jan 15 60(1): 129-33.

Zolota V, Tsamandas AC, Aroukatos P, Panagiotopou-
los V, Maraziotis T, Poulos C, Scopa CD. Expres-
sion of cell cycle inhibitors p21, p27, pl4 and p16 in
gliomas. Correlation with classic prognostic factors
and patients’ outcome. Neuropathology. 2008; 28(1):
35-42.

Watanabe T, Nakamura M, Yonekawa Y, Kleihues P, Oh-
gaki H. Promoter hypermethylation and homozygous
deletion of the p14ARF and p16INK4a genes in oli-
godendrogliomas. Acta Neuropathol. 2001; 101(3):
185-9.

Park SH, Jung KC, Ro JY, Kang GH, Khang SK.5’ CpG
island methylation of p16 is associated with absence
of p16 expression in glioblastomas. ] Korean Med Sci.
2000; 15(5): 555-9.

Ramirez JL, Taron M, Balafia C, Sarries C, Mendez P,
de Aguirre I, Nuilez L, Roig B, Queralt C, Botia M,
Rosell R. Serum DNA as a tool for cancer patient
management. Rocz Akad Med Bialymst. 2003; 48:
34-41.

Liu BL, Cheng JX, Zhang W, Zhang X, Wang R, Lin H,
Huo JL, Cheng H. Quantitative detection of multi-
ple gene promoter hypermethylation in tumor tis-
sue, serum, and cerebrospinal fluid predicts progno-



Hypermethylation of CDKN2A in human tumours 11

29.

30.

31.

32.

sis of malignant gliomas. Neuro Oncol. 2010; 12(6):
540-8.

Kuo LT, Kuo KT, Lee MJ, Wei CC, Scaravilli E Tsai JC,
Tseng HM, Kuo MF, Tu YK. Correlation among patholo-
gy, genetic and epigenetic profiles, and clinical outcome
in oligodendroglial tumors. Int ] Cancer. 2009; 124(12):
2872-9.

Wakabayashi T, Natsume A, Hatano H, Fujii M, Shima-
to S, Ito M, Ohno M, Ito S, Ogura M, Yoshida J. p16 pro-
moter methylation in the serum as a basis for the mo-
lecular diagnosis of gliomas. Neurosurgery. 2009; 64(3):
455-61; discussion 461-2.

He J, Qiao JB, Zhu H. p14(ARF) promoter region meth-
ylation as a marker for gliomas diagnosis. Med Oncol.
2010. [Epub ahead of print].

Kiss NB, Geli ], Lundberg F et al. Methylation of the
p16INK4A promoter is associated with malignant be-
havior in abdominal extra-adrenal paragangliomas but
not pheochromocytomas. Endocr Relat Cancer. 2008;
15: 609-21.
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Asta S¢ésnaité, Sonata Jarmalaite

CDKN2A LOKUSO HIPERMETILINIMO TYRIMAI
KAPILIARINESE HEMANGIOBLASTOMOSE,
FEOCHROMOCITOMOSE IR GLIOMOSE

Santrauka

Ivadas. Kapiliariné hemangioblastoma (CHB) ir feochromocitoma
(PCC) yra reti, dazniausiai gerybiniai navikai, pasireiskiantys spo-
radigkai arba kaip $eiminiai vézio sindromai. Seiminiy susirgimy
genetinés priezastys yra pakankamai gerai iStyrinétos, kiek maziau
zinoma apie sporadiniy naviky molekulines prieZastis. Norédami
geriau istirti CHB ir PCC molekulinius patogenezés mechanizmus,
$iuose navikuose analizavome CDKN2A lokuso p16 ir p14 geny ge-
netinius ir epigenetinius pakitimus.

Medziagos ir metodai. CHB ir PCC (n = 16) p16 ir p14 geny
promotoriuose DNR hipermetilinimas buvo tiriamas naudojant
metilinimui jautrios PGR metoda, p16 geno delecija nustatyta lygi-
namaja PGR. Palyginimui tie patys CDKN2A lokuso tyrimai atlikti
piktybiniuose smegeny navikuose - gliomose (n = 28).

Rezultatai. p16 geno hipermetilinimas nustatytas 25 % CHB
ir 25 % PCC atvejais. Sis pakitimas rastas 35 % gliomy ir daZniau-
siai (67 %) buvo nustatytas zemo piktybiskumo laipsnio navikuose.
Daznas p14 geno hipermetilinimas nustatytas PCC (50 %) ir CHB
(37,5 %) ir kiek re¢iau — gliomose (26 %). Bent vienas i$ tirty pa-
kitimy, jskaitant p16 ir pI4 hipermetilinima bei p16 delecija, buvo
nustatytas 75 % PCC, 62,5 % CHB ir 64 % gliomy.

I$vados. Tyrimu nustatyta, kad CDKN2A lokuso pakitimai yra
dazni gerybiniuose VHL grupés navikuose, feochromocitomose bei
hemangioblastomose, ir patvirtino $iy pakitimy svarba gliomy pa-
togenezei.

RaktazodZiai: CDKN2A lokusas, glioma, kapiliariné heman-

gioblastoma, feochromocitoma



