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Aberrant DNA methylation of pl6 onco-
suppressor genein human cervical carcinoma
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Summary

The aim of this paper istoinvestigate the role played by DNA methylation in uterine cervical carcinoma. Sincein a
subset of human cancers the onco-suppressor CDKN2/p16 gene is an essential target for malignant transformation,
itsfirst and second exon regions wer e investigated for their DNA methylation levels by PCR methylation-dependent
analysis. Our results on purified DNAs from cervical tissues show that, in spite of the diffuse DNA hypomethylation
which characterizes neoplastic cells, specific DNA methylation of Hpall and Cfol sequences of the first exon occurs
and increases with the grade of neoplastic transformation. These data support the idea that the pl6 onco-
suppressor geneisdirectly involved in malignant transformation through the methylation process.
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(Herman et al, 1994, 1995; Merlo et al, 1995; Fueyo et al,
1996; Nuovo et al, 1999; Baylin and Herman, 2000;
Costello et al, 2000).

Presently the high level of DNA demethylase found
in neoplastic cells (Ramchandani et al, 1999; Bhattacharya
et a, 1999) explans the spreading of DNA
hypomethylation during tumorigenesis. However the
aberrant hypermethylation of onco-suppressor genes,
which would seem to be one of the most important events
involved in tumorigenesis, still cannot be explained (Bird
and Wolffe, 1999).

An interesting — but as yet undemonstrated model —
has been put forward (Baylin, 1997) to account for this
hypermethylation of onco-suppressor genes in tumor cells.
The fact that interaction between PCNA and DNMTL1 is
found in transformed cells (Chuang et a, 1997), is the
basis of this model which supposes that a cellular event —
to be identified — allows the DNMT1 to bind PCNA in an
early replication phase and this would make it possible for
the enzyme to methylate the DNA when CpG rich DNA
regions replicate themselves (Selig et a, 1992).

Thinking about this paradoxical behaviour of DNA
methylation in neoplastic cells, the purpose of our
preliminary studies was to analyze the DNA methylation
pattern in human cervical tumors, taking the onco-
suppressor gene CDKN2/p16 (Bonetta, 1994; Marx, 1994)
asamodel.

The CDKN2 gene, located in chromosome 9p21
(Kamb et al, 1994), is likely to be a tumor suppressor gene
since lack of its expression is frequently observed in many
types of cancers (Nobori et al, 1994; Gonzalgo et al, 1995,
1997; Maesawa et al, 1996). This gene encodes the pl16
protein (16 KDa), which plays in norma cells a critical
role in cell-cycle regulation. In fact the p16, through its
association with the cyclin-dependent kinase-4, inhibits
kinase activity and consequently the progression from G1
to the S phase of cell cycle.

Il. Resultsand Discussion

A. Evaluation of pl16 gene methylation

pattern

The evduation of pl6 gene methylation level was
carried out by the PCR-based methylation assay
(Gonzalgo et al, 1998). This method foresees the digestion
of DNA samples by methylation-sensitive restriction
enzymes before PCR amplification, so that the DNA
fragment will be amplified only if the enzymes do not cut
inside the sequence. Enzymes used in the experiments
were Hpall, Cfol and Mspl. By comparing the
electrophoretic pattern of non-digested amplified fragment
to those obtained following enzymatic digestion we came
up with information about the state of methylation of CpG
moieties in the restriction sites. It is important to
remember that more than one Hpall and Cfol site (Figure
1A), is located in the first and second p16 exon so that,
since amplification occurs only if al sites are methylated
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the low level of amplification product depends on the fact
that not all sites are totally methylated. As shown in
Figure 1B (1, 2), when digestions were carried out on
DNA samples from healtly tissues no PCR amplification
of DNA fragment either from the first or the second exon
of p16 gene was found. These data show that in normal
tissues and at least for the specific sequences examined,
both exons were unmethylated. A different result was
obtained by performing the same experiments on DNA
purified from tumor samples. In Figure 1B (3, 4) the
electrophoretic pattern of one tumor sample (C4),
corresponding to an advanced stage (11A) of cervical
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Figure 1:

A - maps showing the Hpall (Mspl) and Cfol sitesin the first and
the second exon of p16 gene.

B - PCR amplification pattern of the first (1, 3) and the second
exon (2, 4) of p16 gene from healthy (F2) and carcinogenic (C4)
samples: UN (undigested control), M (digestion by Mspl), H
(digestion by Hpall), C (digestion by Cfol).

C - table showing the results of densitometric scanning (Bio
Image, Millipore) of the bands of p16 gene first exon amplified
from tumor tissues (C3, C4, C5, C6) following digestion by
methylation sensitive restriction enzymes. The average value of
four indipendent experiments is presented.

cancer is shown. In these experiments DNA samples were
digested by three different restriction enzymes before PCR
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amplification. Following Hpall and Cfol digestion a
partial amplification was observed in the first but not in
the second exon. When stage 1B samples were examined
result was different because there was either no
amplification (C1, C2) or a lower amplification level (C3,
C6). Figure 1C shows densitometric scanning of the
electrophoretic bands obtained following digestion and
PCR amplification of tumor samples (C3, C4, C5, C6).
These data are indicative of an anomalous methylation
pattern in the first exon of p16 genein tumor DNA. As far
as the second exon is concerned, since the methylation
dependent assay is a method in which the amplification
occurs only if al sites are methylated, we cannot exclude
that some of the numerous Hpall or Cfol sites in the
second exon are partially methylated.

B. Evaluation of DNA methylation level
by methyl-accepting ability assay

The methylation level which characterizes the
neoplastic vs normal epitelial cervical cells, was evaluated
by DNA methyl-accepting ability assay carried out on
purified DNAs. As shown in Figure 2, al tumor samples
showed higher levels of methyl-accepting ability, about
255 times more than in norma samples, thereby
indicating lower levels of pre-existing methyl groups onto
DNA.

Our results have shown that despite the general DNA
hypomethylation that characterizes the neoplastic cells, in
66% of the neoplastic samples examined  there is an
anomalous presence of some methyl groups on the Hpall
and Cfol sensitive sequences located in the first exon of
CDKN2/p16 gene. Indeed, it is interesting to note the co-
existence in the same DNA sample of a generd
hypomethylation and a specific onco-suppressor gene
hypermethylation.

However it must be remembered that these two
phenomena do not co-exist in the DNA from al types of
tumors since while diffuse DNA hypomethylation has
been shown to be a general state of neoplastic cells
(Feinberg and Vogelstein, 1983; Gama-Sosa et a, 1983;
Goelz and Vogelstein, 1985; Feinberg et al, 1988; Kim et
a, 1994; Laird and Jaenisch, 1994; Jurgens et a, 1996;
Bernardino et a, 1997; de Capoa et al, 1999; Soares et d,
1999) the anomalous hypermethylated state of specific
onco-suppressor genes has not been identified in all kinds
of tumors (Soares et a, 1999). For example in human
urotheliad carcinoma, the co-existence of hypo and
hypermethylation, observed in tumor cell lines, is not
present in tumor tissues where only genera DNA
hypomethylation is evidenciable (Soares et al, 1999).

Therefore athough the correlation between DNA
methylation and neoplastic evolution would seem to be
evident (Jones et al, 1992; Laird and Jaenisch, 1994; Laird
and Jaenish, 1996; Schmutte and Jones, 1998; Jones and
Laird, 1999; Jones, 1999) it is dtill difficult to establish
whether these changes in methylation level are involved in
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inducing cell transformation or if they play a supporting
rolein the progression of carcinogenesis.

V. Materialsand Methods

Experiments were performed on tissue samples from six
patients affected by pathologicaly proven cervica squamous
carcinoma. Mean age was 60 years (range: 50 - 75). According to
the current FIGO staging system 4 patients were assigned to 1B
(3 1B1 and 1 IB2) and the other two women to IIA stage of
disease. An adequate amount of cervical tissue was biopsed
directly from the tumor mass: half of the specimen was referred
to the pathologist to confirm the diagnosis, while the other half
was processed. A control group of 5 healthy women, al having
cytological and colposcopical negative tests, underwent cervical
punch biopsy. Tissue samples were divided into two parts, one
was analysed by the pathologist and the other was processed in
our experiments.

Each DNA sample (2 ng in 160 mi), from normal and
malignant tissues, was pre-digested with 10 units of EcoRI at
37°C for 6 hours with the aim to improve the efficiency of
enzymic digestion. Subsequently each sample was divided in
four aliquots (40 m) and DNASs digested by adding methylation
independent enzyme as Mspl and methylation dependent
enzymes as Hpall and Cfol; the fourth aliquot was not added of
any enzyme representing the undigested control. The enzymic
digestion was carried out at 37°C for 36 hours and 10 units of
enzyme were added every twelve hours for a total amount of 30
units of enzyme. PCR amplification was performed with the aim
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Figure 2: Methyl-accepting ability of DNAs extracted and
purified from differently staged tumor samples (C1 IB, C2
IB, C3 1B, C41IA, C5 1A, C6 IB) and from normal samples
(F1, F2, F3, F4).
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of amplifying the first and the second exon of onco-suppressor
gene pl6 (Gonzalgo et a, 1998).

Primers used for amplification of the first exon were:
forward 5 GAAGAAAGAGGAGGGGCT 3 and reverse 5
GCGCTACCTGATTCCAAT 3. Primers used for amplification
of the second exon were: forward 5
GGAAATTGGAAACTGGAA and reverse 5
AAAATGAATGCTCTGAGC 3'.

The PCR mixture contained 100 ng of DNA (8 m of
digestion solution), primers (50 pmol both in forward and in
reverse), dNTPs (final concentration of 0.2 mM) and 2.5 units of
Tag DNA polymerase in Qiagen amplification buffer without
MgCl2. The final concentration of MgClo was of 1.4 mM and it
was added into reaction mixture from a 25 mM stock of MgClo

taking into account the drawed volume and the concentration of
MgClo present into buffer we used for restriction enzymic
digestions. The reaction (50 m) was carried out under the
following conditions for both exons: denaturation at 95°C for 5
min; 95°C for 1 min, 55°C for 1 min, 72°C for 1 min for 30
cycles and a fina segment at 72°C for 6 min. The amplified
fragments were evidenced by 2% agarose gel.

DNAs purified from different sample tissues were used as
substrate for evaluating their methyl accepting ability. In afinal
volume of 100 m 2.5 ng of DNA were incubated in presence of
1.5 units of bacterial Sssl methylase using as methyl donor
80mM S-adenosyl-methionine plus 30 nCi /ml [*H] S-adenosy!-
methionine for 1 hour at 37°C. The reaction was stopped by
addition of 1% SDS and 250 ng/ml of proteinase K at 37°C for
30 mim. After cooling on ice 100 ng/ml of salmon sperm DNA
were added as carrier and DNA was precipitated at 0°C with
20% of trichloroacetic acid (final concentration) and
centrifugated at 7000 rpm for 10 min. Pellets were washed with
5% trichloroacetic acid and resuspended in 0.5 ml of 0.5 M
NaOH and heated at 60°c for 30 min. After cooling in ice ,
DNAs were precipitated with 15% trichloroacetic acid and then
each DNA sample was recovered on a glass fiber paper (GF/C
Whatman). The filters were repeatedly washed by 5%
trichloroacetic acid and by 95% ethanol. The incorporated
radioactivity was measured in a Beckman Ls-6800 liquid
scintillation spectrometer.

3

Acknowledgements

We thank Alessandra Spano for technical assistance.
This work was supported by the Italian Ministry of
University and Scientific and Technological Research
(40% Progetti di Interesse Nazionale, 60% Ricerca
Scientifica Universita di L'Aquila e di Roma, «La
Sapienza») and by the Consiglio Nazionale delle Ricerche
(CNR).

References:

Adams RLP and Burdon RH (1985) Molecular Biology of DNA
Methylation. Chapter 7. Springer Series in Molecular
Biology. Springer Verlag, New Y ork.

Baylin SB (1997) Tying it all together: epigenetics, genetics, cell
cycle and cancer. Science 277, 1948-1949.

Baylin SB and Herman JG (2000) DNA hypermethylation in
tumorigenesis: epigenetics joins genetics. Trends Genet 16,
168-174.

160

Bernardino J, Roux C, Almeida A, Vogt N, Gibaud A, Gerbault-
Seureau M, Magdelenat H, Bourgeois CA, Malfoy B and
Dutrillaux B (1997) DNA hypomethylation in breast cancer:
an independent parameter of tumor progression? Cancer
Genet Cytogenet 97, 83-89.

Bestor TH and Ingram VM (1983) Two DNA methyltransferases
from murine erythroleukemia cells: purification, sequence
specificity and mode of interaction with DNA, Proc Natl
Acad Sci USA 80, 5559-5563.

Bhattacharya SK, Ramchandani S, Cervoni N and Szyf M (1999)
A mammalian protein with specific demethylase activity for
mCpG DNA. Nature 397, 579-483.

Bird AP (1986) CpG-rich islands and the function of DNA
methylation. Nature, 321, 209-213.

Bird AP (1987) CpG idlands as gene markers in the vertebrate
nucleus. Trends Genet, 3, 342-347.

Bird AP and Wolffe AP (1999) Methylation-Induced Repression-
Belts, Braces, and Chromatin. Cell 99, 451-454.

Bonetta L (1994) Open questions on p16. Nature 370, 180.
Brandeis M, Ariel M and Cedar H (1993) Dynamics of DNA
methylation during development. Bioessays 15, 709-713.
Chuang LS-H, lan H-1, Koh T-W, Ng H-H- Xu G and Li BFL
(1997) Human DNA-(cytosine-5) methyltransferase-PCNA

complex as atarget for p21 A", Science 26, 1996-2000.

Costello JF, Fruhwald MC, Smiraglia DJ et a. (2000) Aberrant
CpG-idand methylation has non-random and tumor-type-
specific patterns. Nature Genet 25, 132-138.

de Capoa A, Grappelli C, Febbo FR, Span_ A, Niveleau A,
CafollaA, Cordone | and Foa R (1999) Methylation levels of
normal and chronic lymphocytic leukemia B lymphocytes:
computer-assisted  quantitative  analysis  of  anti-
5methylcytosine antibody binding to individua nuclei.
Cytometry 36, 157-159.

Feinberg AP and Vogelstein B (1983) Hypomethylation
distinguished genes of some human cancers from their
normal counterparts. Nature 301, 89-92.

Feinberg AP, Gehrke CW, Kuo KC and Ehrlich M (1988)
Reduced genomic 5-methylcitosine content in human colonic
neoplasia. Cancer Res 48, 1159-1161.

Fueyo J, Gomez-Manzano C, Bruner JM, Saito Y, Zhang B,
Zhang W, Levin VA, Yung WKA and Kyritsis AP (1996)
Hypermethylation of the CpG of the p16-CDKNZ2 correlates
with geneinactivation in gliomas. Oncogene 13, 1615-1619.

Gama-Sosa MA, Slagel VA, de Bustros A, Trewyn RW,
Oxenhandler R, Kuo KC, Gehrke CW and Ehrlich M (1983)
The 5-methylcytosine content of DNA from human tumors.
Nucleic Acids Res 11, 6883-6894.

Goelz SE and Vogelstein B (1985) Hypomethylation of DNA
from benign and malignant human colon neoplasms. Science
228, 187-190.

Gonzalgo ML, Bender CM, Edward H, You J, Glendenin JM,
Flores JF, Walker GJ, Hayward NK, Jones PA and Fountain
JW (1997) Low frequency of p16/CDKN2A methylation in
sporadic melanoma: comparative approaches for methylation
analysis of primary tumors. Cancer Res 57, 5336-5347.

Gonzalgo ML, Hayashida T, Bender CM, Pao MM, Tsa YC,
Gonzales FA, Nguyen HD, Nguyen TT and Jones PA (1998)
The role of DNA methylation in expression of the p19/p16
locus in human bladder cancer cell lines. Cancer Res 58,
1245-1252.

Herman JG, Latif F, Weng J, Lerman MI, Zbar B, Liu S, Samid
D, Duan DSR, Gnarra JR, Linehan WM and Baylin SB
(1994) Silencing of the VHL tumor-suppressor gene by DNA



Gene Therapy and Molecular Biology Vol 5, page 161

methylation in rena carcinoma. Proc Natl Acad Sci USA
91, 9700-9704.

Herman J G, Merlo A, Mao L, Lapidus RG, Issa J-PJ, Davidson
NE, Sidransky D and Baylin SB (1995) Inactivation of the
CDKN2/p16/MTSL gene is frequently associated with
aberrant DNA methylation in all common human cancers.
Cancer Res 55, 4525-4530.

Jones PA, Rideout WM, Shen JC, Spruck CH and Tsai YC
(1992) Methylation, mutation and cancer. Bioessays 14, 33-
36

Jones PA (1999) The DNA methylation paradox. Trends Genet
15, 34-37.

Jones PA and Laird PW (1999) Cancer epigenetics comes of age.
Nature Genet 21, 163-166.

Jurgens B, Schimtz-Drager BJ and Schulze W (1996)
Hypomethylation of L1 LINE sequences prevailing in human
urothelial carcinoma. Cancer Res 56, 5698-5703.

Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K,
Tavtigian SV, Stockert E, Day RSIII, Johnson BE and
Skolnick MH (1994) A cell cycle regulator potentialy
involved in genesis of many tumor types. Science 264, 436-
440.

Kim Y1, Giuliano A, Hatch KD, Schneider A, Nour MA, Dallal
GE, Selhub J and Mason JB (1994). Global DNA
hypomethylation increases progressively in cervica
dysplasiaand carcinoma. Cancer 74, 893-899.

Laird PW and Jaenisch R (1994) DNA methylation and cancer
Hum Mol Genet 3, 1487-1495.

Laird PW and Jaenisch R (1996) Therole of DNA methylation in
cancer genetics and epigenetics. Annu Rev Genet 30, 441-
464.

Maesawa C, Tamura G, Satoshi N, Ogasawara S, Ishida K,
Terashima M, Sakata K, Sato N, Saito K and Satodate R
(1996) Inactivation of CDKN2 gene by homozygous deletion
and de novo methylation is associated with advanced stage
esophageal squamous cell carcinoma. Cancer Res 56, 3875-
4878.

Marx J (1994) A challenge to pl6 gene as a major tumor
suppressor. Science 264, 1846.

161

Merlo A, Herman JG, Mao L, Lee DJ, Gabrielson E, Burger PC,
Baylin SB and Sidransky D (1995) 5 CpG island
methylation is associated with transcriptional silencing of the
tumor suppressor pl6/CDKN2/MTSL in human cancer.
NatureMed 1, 686-692.

Nobori T, Miura K, Wu DJ, Lois A, Takabayashi K and Carson
DA (1994) Deletions of the cyclin-dependent kinase-4
inhibitor gene in multiple human cancers. Nature 368, 753-
756.

Ng HH and Bird A (1999) DNA methylation and chromatin
modification. Curr Opin Genet 9, 158-163.

Nuovo GJ, Plaia TW, Belinsky SA, Baylin SB and Herman JG
(1999) In situ detection of the hypermethylation-induced
inactivation of the p16 early event in oncogenesis. Proc Natl
Acad Sci USA 96, 12754-12759.

Okano M (1998) Cloning and characterization of a family of
novel mammalian DNA(Cytosine-5) methyltransferase.
Nature Genet 19, 219-220.

Okano M, Bell DW, Haber DA, and Li E (1999) DNA
methyltransferase Dnmt3a and Dnmt3b are essential for de
novo methylation and mammalian development. Cell 99,
247-257.

Ramchandani S, Bhattacharya SK, Cervoni N and Szyf M (1999)
DNA methylation is areversible biological signal. Proc Natl
Acad Sci USA 96, 6107-6112.

Schmutte C and Jones PA (1998) Involvment of DNA
methylation in human carcinogenesis. Biol Chem 379, 377-
388.

Selig S, Okumura K., Ward D.C. and Cedar H (1992)
Delineation of DNA replication time zones by fluorescence
in situ hybridization. EMBO J 11, 1217-1225.

Soares J, Pinto AE, Cunha CV, Barao AS, Sousa JM and Cravo
M (1999) Global DNA hypomethylation in breast carcinoma.
Cancer 85, 112-118.



Mariani et al: DNA methylation of p16 genein cervical carcinoma

162



