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Abstract

We have recently reported that inactivation of the p16 gene by mutation
and deletion is common in nasopharyngeal carcinoma (NPC). The present
study demonstrates that hypermethylation of the 5’ CpG island can serve
as an alternative mechanism for inactivation of the p16 gene in this tumor.
Using Southern blotting analysis and multiplex PCR, aberrant methyla-
tion of the 5’ CpG island of the p16 gene was found in a NPC xenograft
(xeno-666) and 6 (22%) of 27 primary tumors, but not in normal tissues
of the nasopharynx. In the NPC xenograft (xeno-666) and its newly
derived cell line (cell-666), both showing hypermethylation of the p16
gene, no pl6 gene expression was found. After treatment with 5-aza-2’'-
deoxycytidine, reexpression of the pl6 gene was detected in the cell line
cell-666. These findings suggest that aberrant methylation of the §' CpG
island may participate in the transcriptional inactivation of the p16 gene
in NPC. The present results further support that the pI16 gene is the
critical target on chromosome 9p21 for inactivation during the develop-
ment of this disease.

Introduction

NPC? is rare in most parts of the world, but prevalent in Chinese
living in Hong Kong and the southern part of China where the
incidence is 25-50/100000 (1). Etiological studies have demonstrated
that this cancer is closely associated with specific HLA haplotypes,
environmental factors, and EBV infection (2).

The tumorigenesis of NPC is thought to be a multistep process and
involves multiple genetic changes. Thus far, not much is known about
the genetic changes involved in the development of this disease. There
were reports on overexpression of several proto-oncogenes such as
bcl-2, ras, and c-myc (3, 4). The possible role of several tumor
suppressors have also been investigated, but there was no evidence of
the alteration of the RB, p21, and VHL gene, and mutation of p53 gene
is rare in primary NPC (5-9).

We have previously reported on the frequent allelic losses at
chromosome 3p and 9p in primary NPC tumors (10, 11). Furthermore,
we have identified the homozygous deletions of the p/6 gene at
chromosome 9p21 in both NPC xenografts (67%) and primary tumors
(35%). Mutations of the p/6 gene have also been demonstrated in
three NPC cell lines but not in the xenografts and primary tumors (12).
Sun ez al. (13) also reported on decreased expression of the p16 gene
in two NPC xenografts. Both of these studies demonstrated that
alteration of the p/6 gene may be involved in the development of this
cancer.

The expression of the p/6 gene has recently been shown to be
silenced by aberrant methylation in several tumors (14). Hypermethy-
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lation in the 5' CpG island of the p16 gene is frequently found in the
primary tumors and cell lines of gliomas and cancer of the lung,
breast, colon, bladder, prostate, and head and neck organs (14-16).
These studies illustrate that hypermethylation of the p/6 gene is one
of the major mechanisms for the inactivation of this tumor suppressor
gene in human cancers. The present study aimed to investigate
whether similar aberrant methylation of the p/6 gene has taken place
in NPC. We examined for the methylation changes in the 5' CpG
island at the p/6 gene in NPC samples. In this report, we demon-
strated the presence of hypermethylation of the p/6 gene in NPC
xenografts and primary tumors. Reexpression of the p/6 gene was
determined in the NPC xenograft-derived cell line with hypermethy-
lation of pl6 gene after treatment with S-aza-2'-deoxycytidine. Our
results strongly suggested that hypermethylation of the 5' CpG island
is an alternate mechanism for the inactivation of the p/6 gene in NPC.

Materials and Methods

Cell Lines, Xenografts, and Tissue Samples. Four NPC cell lines (HK-1,
CNE-1, CNE-2, and cell-666) were examined. Two of them (HK-1 and
CNE-2) were derived from differentiated NPCs, whereas the other two (CNE-1
and cell-666) were from undifferentiated NPCs. The status of the p/6 gene
alterations of three cell lines (HK-1, CNE-1, and CNE-2) has been reported
previously (12). cell-666 is a cell line newly derived from an undifferentiated
NPC xenograft (xeno0-666) in which no alteration of the p/6 gene was iden-
tified (12). The cell lines were maintained in RPMI 1640 with 10% fetal bovine
serum. For the study of demethylation, the cell line cell-666 was treated with
0.3-1 puM 5-aza-2'-deoxycytidine for 5 to 10 days. Normal epithelial cell
outgrowth from nasopharyngeal mucosal tissue (NP-3) and two cervical cancer
cell lines (HeLa and CC3) was included as controls. Three NPC xenografts
(HK-2117, HK-1915, and HK-666) were also involved. Twenty-seven cases of
primary tumor and four cases of nonmalignant tissue biopsy of the nasophar-
ynx were obtained from the Department of Oncology and Department of
Surgery at the Prince of Wales Hospital (Chinese University of Hong Kong).

Southern Blotting. To access the methylation state of the p/6 gene, 10 ug
genomic DNA were first digested with either 40 units Sacll or 40 units Smal
overnight. The restriction digests were ethanol precipitated, dried, and further
digested with 40 units EcoRI. After electrophoresis on a 1.5% agarose gel,
DNA was transferred to a Hybond N+ membrane as described by the manu-
facturer (Amersham Corp., Bucjinghamshire, United Kingdom). The probe for
exon 1 of the p/6 gene was generated by PCR using the primers 2F and 1108R
(17) and labeled with [a->?P}dCTP using a rediprime Random Primer Labeling
kit (Amersham Corp.). After hybridization, the membrane was washed and
exposed to a Kodak X-OMAT AR film (Eastman Kodak Company, Rochester,
NY) for 2 to 5 days.

Multiplex PCR. The methylation status of the 5’ CpG island of the p/6
gene in the NPC samples were also investigated using the multiplex PCR
analysis as described by Ritter et al. (18). One ug genomic DNA was digested
with 10 units methylation-sensitive restriction enzyme Smal overnight. To
completely digest the DNA samples, additional incubation with another 10
units restriction enzyme overnight was performed. The digested DNAs were
then subjected to the multiplex PCRs. For the assessment of the methylation
status, exon 1 of the p16 gene was amplified in the Smal-digested DNA using
the primers 2F and 1108R (17). As internal control, the STS marker 1063.7 on
the distal side of the p/6 gene was amplified in the same reaction solution (17).
This STS marker does not contain the Smal site and is able to be amplified in
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each reaction. The undigested DNA of the corresponding samples was also
amplified and used as control. To confirm complete digestion of the DNA
samples, the digested DNAs were subjected to a separate set of multiplex PCRs
in which two different regions of exon 1 of the VHL gene were amplified.
Primer pair 104 and 105 flanking the Smal site and primer pair 1 and 10 with
no Smal site on exon 1 of the VHL gene were used (19). All samples were
examined in duplicate experiments.

RT-PCR. The expression of the p/6 mRNA transcripts of the NPC cell
lines and xenografts were examined by RT-PCR analysis. The mRNA of the
samples was extracted using the Quick Prep Micro mRNA Purification kit
(Pharmica LKB, Uppsala, Sweden). mRNA extracted from the cervical cancer
cell lines (HeLa and CC3) were used as positive controls for pl6 gene
expression. The expression of the p/6 gene was determined by RT-PCR using
the primers P16-S9 and P16-S13 flanking exons 1 to 3 of the gene (20). The
expression of the p/6f transcripts was also investigated using the primers P1
and 346R flanking exons 18 and 2 (21, 22). The mRNA samples were also
amplified by the primers for the cyclin D1 gene as control (23).

Results

Methylation of the pI6 Gene in NPC. We have investigated 3
NPC xenografts, 4 cell lines, 27 biopsies of primary NPC tumor, and
4 biopsies of normal nasopharynx for hypermethylation of the p/6
gene. Two cervical cancer cell lines (HeLa and CC3) were included as
controls. Using Southern blotting analysis, we have examined for the
methylation status at the S’ CpG island in exon 1 of the pI6 gene as
described by Herman et al. (15). In an unmethylated sample, after
double digestion with EcoRI and the methylation-sensitive restriction
enzyme Smal or Sacll, one would expect to see the 0.65- and 0.35- or
3.3- and 0.3-kb fragments, respectively. If the restriction site is
methylated, a 4.3-kb flanking fragment will be generated after double
digestion. This 4.3-kb fragment can also result from EcoRI digestion
alone. As shown in Fig. 1a, the Sacll site in the p/6 gene of the HeLa
cell line was unmethylated, and only the 3.3-kb fragment was seen.
The three NPC cell lines (HK-1, CNE-1, and CNE-2), which are
known to have p/6 gene mutation, showed no methylation at this site.
No signals were shown in the samples of the other two NPC xe-
nografts (xeno-2117 and xeno-1915), both of which have previously
been reported to show homozygous deletion of the p/6 gene. When
the xeno-666 sample was doubly digested with EcoRI and Sacll, a
single 4.3-kb fragment was observed, indicating that the xeno-666
was fully methylated. Moreover, in the cell line cell-666, which is
newly derived from the xeno-666, the Sacll site of the p/6 gene was
also fully methylated. Similar results were reproduced in all of these
samples by double digestion with EcoRI and Smal.

Six (22%) of 27 cases of the primary NPC tumor showed hyper-
methylation at the 5’ CpG island of the p/6 gene. Both the 4.3- and
3.3-kb bands were observed in these cases after digestion with EcoRI
and Sacll (Fig. 1b). The 3.3-kb bands may result from the contami-
nation by nonmalignant cells infiltrating the tumor; the alternative
explanation is that hypermethylation occurred only in one of the pI6
alleles. After double digestion with EcoRI and Smal, the 4.3-, 0.65-,
and 0.35-kb fragments were also found in these samples. In contrast,
the Smal and Sacll sites in exon 1 of the p/6 gene were unmethylated
in four cases of normal nasopharynx biopsies.

To determine whether there could be a small number of tumor cells
with hypermethylation of the p/6 gene in our samples, all of the
samples were also digested with Smal and then subjected to the
multiplex PCR analysis. For all DNA samples without methylation at
exon 1 of the pI6 gene, no PCR products of the pl/6 gene were
amplified after complete digestion with Smal. Fig. 2 shows that no
PCR products of the p/6 gene were found in the digested DNA
sample of the HeLa cell line when the fragment of the internal control
(1063.7) was amplified. Moreover, the PCR products of the p16 gene
were observed in the DNA samples of the NPC xenograft (xeno-666)
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Fig. 1. Methylation state of the 5' CpG island of the p/6 gene in NPC. All DNA
samples were doubly digested with EcoRI and Sacll and subjected to Southern blotting
analysis using a probe for exon 1 of the pl6 gene. Right, size of specific fragments. a,
3.3-kb fragments are shown in the DNA samples from the cervical cancer cell lines (HeLa
and CC3) and three NPC cell lines (HK-1, CNE-1, and CNE-2), indicating that the Sacll
sites at exon 1 of the p16 gene were unmethylated. No signal was observed in the samples
of two NPC xenografts (xeno-2117 and xeno-666) in which homozygous deletion of the
pl6 gene has been identified previously. Full methylation of the p/6 gene was identified
in the samples of the xeno-666 NPC xenografts and cell-666 cell line. Only a single 4.3-kb
fragment was detected in these two samples. b, NPC primary tumors (NPC-1 to NPC-11)
were examined for the methylation state of the p/6 gene. HeLa and xeno-666 were
included as controls. The DNA samples from NPC-1, NPC-2, and NPC-10 were found to
be methylated. Both 3.3- and 4.3-kb fragments were detected in these three tumors after
double digestion with EcoRl/Sacll.

and its derived cell line (cell-666), both of which have hypermethy-
lation of the pI6 gene. Similarly, hypermethylation of the p/6 gene
was also identified in six cases of primary tumors using the multiplex
PCR analysis, as already demonstrated by Southern blotting. All of
the digested DNAs were subjected to the amplification of exon 1 of
the VHL gene. In all Smal-digested DNA samples, no PCR products
of the region bearing the Sma I site were observed whereas the region
without the Smal site was amplified. This control experiment con-
firmed complete digestion of all DNA samples.

Expression of the pI6 Gene in NPC. The expression of the pl6
gene in NPC xenografts and cell lines was investigated with RT-PCR
analysis using the primer pair flanking exons 1-3 of the p/6 gene. As
shown in Fig. 3a, no PCR products were found in the NPC xenografts
(xeno-2117, xeno-1915, and xeno-666), whereas a PCR product about
the size of 560 bp was observed in the normal epithelial cell out-
growth of the nasopharynx (NP3) and cervical cancer cell lines (HeLa
and CC3). A shorter fragment (260 bp) was observed in samples of the
cell lines HK-1, CNE-1, and CNE-2. All three of these cell lines
contained splicing mutations at the boundary of intron 1 and exon 2,
as previously reported by us (12). Using DNA sequencing, it was
confirmed that the shorter transcripts contained only exons 1 and 3 of
the pl6 gene. However, transcripts have been identified in the xe-
nograft xeno-666 and cell lines HK-1, CNE-1, and CNE-2 using the
primers flanking exons 2 and 3 of the gene in our previous study (12).
In fact, similar observations have been reported by Mao et al. (21) in
other human cancers. When our samples were examined for expres-
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Fig. 2. Detection of the methylation status of the p/6 gene in NPC samples using
multiplex PCR. The Smal-digested and -undigested DNA samples were amplified using
primers 2F/1108R and 1063.7-1/1063.7-2 as described in “Materials and Methods.” The
PCR products of the p/6 gene and 1063.7 were indicated. The presence of PCR products
of the pl6 gene in xeno-666, cell-666, NPC-1, and NPC-2 after digestion with Smal
indicated that the Smal sites in exon 1 were methylated in these samples. No PCR products
of the p/6 gene were found in HeLa, CC3, NPC-3, and NPC-4. The PCR products of the
STS marker 1063.7 were amplified in all of the samples. Marker, $174 DNA Haelll
digest.

sion of the p/6p transcripts, a PCR product about the size of 500 bp
was detected in the mRNA of normal epithelial cell outgrowth of the
nasopharynx (NP3), three NPC cell lines (HK-1, CNE-1, and CNE-2),
and xenograft xeno-666 (Fig. 3b), but not in two xenografts (xeno-
2117 and xeno-1915) which showed homozygous deletion of the p/6
gene. The results demonstrated that p/6f transcripts were expressed
in the normal epithelial cell outgrowth of the nasopharynx and NPC
samples with hypermethylation (xeno-666) or mutation (HK-1,
CNE-1, and CNE-2) of the pl/6 gene.

Demethylation and Reexpression of the pI6 Gene in an NPC
Cell Line. To further confirm the correlation between the absence of
p16 gene expression and hypermethylation of the p/6 gene in NPC,
we treated the NPC cell line cell-666 with S-aza-2'-deoxycytidine.
Partial demethylation of the p/6 gene was observed in cell-666 after
treatment with 0.3 or 1 uM 5-aza-2’-deoxycytidine for 10 days. As
shown in Fig. 3, the EcoRI-Smal digestion pattern of the treated
cell-666 was different from that of the untreated cell-666 line. In
addition to the 4.3-kb bands, two smaller DNA fragments (1.45-kb
and 1.05-kb) were found in the treated cell-666 but not in the un-
treated control. using RT-PCR analysis, the expression of the pl6
gene was detected in cell-666 treated with 5-aza-2’-deoxycytidine but
not in the untreated one (Fig. 4). These observations demonstrate that
partial demethylation of the 5' CpG island of the p/6 gene using

S-aza-2'-deoxycytidine may lead to reexpression of the p/6 gene in
cell-666.

Discussion

The p16 protein is a tumor suppressor that plays a central role in the
control of cell proliferation during G,. As a regulator of RB phos-
phorylation, the pl6 protein inhibits the catalytic activity of the
complexes comprising D cyclin and CDK4 or CDKG6. This is achieved
by the binding of the p16 protein to CDK4 or CDKG6. Inactivation of
the p/6 gene would be expected to lead to uncontrolled cell growth
and may contribute to the oncogenesis of human cancers.

We have recently reported on the frequent alterations of the p/6
gene in NPC and showed that homozygous deletion is the major
mechanism for inactivation of the p/6 gene in this nasal cancer (12).
In the present study, we have further demonstrated that hypermethy-
lation of the 5’ CpG island of the p/6 gene occurs in NPC and is an
important mechanism for loss of p/6 gene expression in this cancer.

In the NPC xenografts and cell lines we examined, xeno-666 was
the only one that showed neither homozygous deletion nor mutation
of the p/6 gene (12). Furthermore, absence of p/6 gene expression
and the full methylation of the S’ CpG island of the p/6 gene was
observed in this xenograft and its newly derived cell line cell-666. The
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Fig. 3. RT-PCR analysis of the expression of different p/6 transcripts in NPC. a,
RT-PCR analysis of p/6 gene expression in NPC xenografts and cell lines using primers
S9 and S13 flanking exons 1 to 3. A 560-bp PCR product of the p/6 gene (arrow) was
demonstrated in the cervical cancer cell lines (HeLa and CC3) and normal epithelial cell
outgrowth of the nasopharynx (NP3). Smaller PCR products (arrowhead) were shown in
the NPC cell lines (HK-1, CNE-1, and CNE-2). No PCR products were observed in the
NPC xenografts (xeno-666, xeno-2117, and xeno-1915). b, the 500-bp PCR products of
the pl6p transcripts (arrow) were demonstrated in cervical cancer cell lines HeLa and
CC3, NPC xenograft xeno-666, and NPC cell lines HK-1, CNE-1, and CNE-2. The
absence of expression of the p/6B transcripts was shown in xeno-2117 and xeno-1915.
Marker, ¢174 DNA Haelll digest.
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Fig. 4. Demethylation and reexpression of the p/6 gene in the NPC cell line cell-666
after treatment with 5-aza-2'-deoxycytidine. Upper autoradiogram, methylation state of
the pl6 gene of cell-666 after treatment with 0.3 and 1 um 5-aza-2’-deoxycytidine (5
Aza-2’-dc). Using Southern blotting analysis, the DNA sample from the untreated cell-666

NPC xenografts in which no homozygous deletion nor mutation of the
pl6 gene was observed. It is suspected that the p/6 gene may be
transcriptionally inactivated by hypermethylation of the 5’ CpG island
in these tumors. Summarizing these findings, it was observed that the
pl6 gene was found to be completely inactivated in almost all re-
ported NPC lines including xenografts and cell lines. It could be
suggested that loss of the functional p16 protein may provide a growth
advantage for the establishment of the NPC cell lines and xenografts
or that inactivation of the p/6 gene may be a common genetic
alteration in this nasal cancer.

In the present study, the aberrant methylation of the p/6 gene was
found in 6 (22%) of 27 primary tumor biopsies but not in biopsies of
normal nasopharynx. This demonstrated that inactivation of the p16
gene by hypermethylation of the 5’ CpG island of the gene was also
common in primary NPC. The allelic status on chromosome 9 of these
six primary tumors has been examined previously. Only three of the
six cases showed allelic loss on chromosome 9p21. No correlation
was found between hypermethylation of the p16 gene and allelic loss
on chromosome 9p21. It is suspected that p/6 gene expression may be
silenced by hypermethylation of either one or both alleles of the p16
gene. Another possibility for the inconsistency between methylation
and loss of heterozygosity at 9p21 is a possible small deletion at the
region which may not be detected by the relatively small number of
markers tested. The specific aberrant methylation of the 5’ CpG island
of the p16 gene in NPC tumors further supports that the p/6 gene is
the target gene on chromosome 9p21 for inactivation.

Taken together, the observation that 35% of the primary NPC
tumors had homozygous deletion of the p/6 gene (12) and that 22%
had hypermethylation of the gene, it is evident that more than 50% of
the primary NPC tumors had p/6 gene inactivation through either
mechanism. We concluded that the inactivation of the p/6 gene may
play an important role in the development of NPC.

References

. Muir, C., Waterhouse, J., Mack, T., Powell, J., and Whelan, S. Cancer Incidence in

Five Continents, Vol. 5. IARC Scientific Publ. No. 88. Lyon, France: IARC, 1987.

. Huang, D. P. Epidemiology and actiology. /n: C. A van Hasselt and A. G. Gibb (eds.),

Nasopharyngeal Carcinoma, pp. 23-35. Hong Kong: The Chinese University Press,
1991.

. Lu, Q-L,, Elia, G., Lucas, S., and Thoma, J. A. Bcl-2 proto-oncogene expression in

Epstein-Barr-viru iated pharyngeal inoma. Int. J. Cancer, 53: 29-35,
1993.

4. Porter, M. J., Field, J. K., Leung, S. F., Lo, D., Lee, J. C., Spandidos, D. A., and van
Hasselt, C. A. The detection of the c-myc and ras oncogenes in nasopharyngeal
carcinoma by immunohistochemistry. Acta Otolaryngol., //4: 105-109, 1994.

5. Sun, Y., Hegamyer, G., and Colbumn, N. H. Nasopharyngeal carci shows no
detectable retinoblastoma susceptibility gene alterations. Oncogene, 8: 791-795,
1993.

6. Sun, Y., Hildesheim, A, Li, H., Li, Y., Chen, J. Y., Hayes, R. B., Rothman, N., Bi,

W.F., Cao, Y., Yao, K-T., Lanier, A. P., Hegamyer, G., El-Deiry, W. S., Xiong, Y.,

and Colburn, N. H. No point mutation but a codon 31ser > arg polymorphism of the

WAF-1/CIP-1/p21 tumor suppressor gene in haryngeal i (NPC): the

(X

polymorphism distinguishes Caucasians from Chinese. Cancer Epidemiol. Bio-

N

w

showed a single 4.3-kb fragment after digestion with EcoRIl and Smal. After
with 0.3 and 1 uMm 5-aza-2’'-deoxycytidine for 10 days, demethylation of the Smal site on
exon | of the p/6 gene was shown. Two smaller fragments (1.45-kb and 1.05-kb) were
seen in the DNA sample of the treated cell-666 after digestion with EcoRI and Smal.
Lower photograph, reexpression of the p/6 gene was demonstrated in the samples of
cell-666 treated with 0.3 and 1 um 5-aza-2’-deoxycytidine, using RT-PCR analysis.

cell-666 is thus a valuable asset for investigating the correlation
between hypermethylation and silent expression of the p/6 gene in
NPC. Demethylation of the 5’ CpG island on exon 1 using 5-aza-2'-
deoxycytidine was shown to result in reexpression of the p/6 gene in
cell-666. The above finding suggested that hypermethylation of the 5’
CpG island of the p/6 gene is associated with the transcriptional
inactivation of this gene in the NPC. Sun et al. (13) have recently
reported on decreased or absence of the p/6 gene expression in two

rkers & Prev., 4: 261-267, 1995.

7. Sunm, Y., Hildesheim, A, Li, H., Lanier, A. P., Cao, Y., Yao, K. T., Yang, C. S., and
Colburn, N. H. The von Hippel-Lindau disease tumor-suppressor gene is not mutated
in nasopharyngeal carcinomas. Int. J. Cancer, 60: 437-438, 1995.

8. Spruck, C. H., II, Tsao, Y. C., Huang, D. P., Yang, A. S., Rideout, W. M., III,
Gonzalwz-Zulueta, M., Choi, P, Lo, K. W., Yu, M. C,, and Jones, P. A. Absence of
P53 gene mutations in primary nasopharyngeal carcinomas. Cancer Res., 52: 4787-
4790, 1992.

9. Chakrani, F., Armand, J., Lenoir, G., Ju, L. Y., Liang, J. P., May, E., and May, P.
Mutations clustered in exon 5 of the p53 gene in primary nasopharyngeal carcinomas
from southeastern Asia. Int. J. Cancer, 6/: 316-320, 1995.

10. Lo, K. W,, Tsao, S. W., Huang, D. P., and Lee, J. C. K. Detailed deletion mapping
on the short arm of chromosome 3 in nasopharyngeal carcinomas. Int. J. Oncol., 4:
1359-1364, 1994.

11. Huang, D. P, Lo, K. W, van Hasselt, C. A., Woo, J. K. S., Choi, P. H. K., Leung,
S. F., Cheung, S. T., Caims, P., Sidransky, D., and Lee, J. C. K. A region of
homozygous deletion on chromosome 9p21-22 in primary nasopharyngeal carci-
noma. Cancer Res., 54: 4003-4006, 1994.

12. Lo, K. W,, Huang, D. P., and Lau, K. M. p/6 gene alterations in nasopharyngeal
carcinoma. Cancer Res., 55: 2039-2043, 1995.

2724

Downloaded from cancerres.aacrjournals.org on September 19, 2020. © 1996 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

16.

17.

HYPERMETHYLATION OF pl6 GENE IN NPC

. Sun, Y., Hildesheim, A., Lanier, A. E. P., Cao, Y., Yao, K. T., Raab-Traub, N., and

Yang C. S. No point mutation but decreased expression of the p/6/MTS! tumor
suppressor gene in nasopharyngeal carcinomas. Oncogene, /0: 785-788, 1995.

. Merlo, A., Herman, J. G., Mao, L., Lee, D. J., Gabrielson, E., Burger, P. C., Baylin,

S. B., and Sidransky, D. 5’ CpG island methylation is associated with transcriptional
silencing of the tumor suppressor p/6/CDKN2/MTS1 in human cancers. Nat. Med., /:
686-692, 1995.

. Herman, J. G., Merlo, A., Mao, L., Lapidus, R. G., Issa, J-P. J., Davidson, N. E.,

Sidransky, D., and Baylin, S. B. Inactivation of the CDKN2/pl6/MTSI gene is
frequently associated with aberrant DNA methylation in all common human cancers.
Cancer Res., 55: 4525-4530, 1995.

Gonzalez-Zulueta, M., Bender, C. M., Yang, A. S., Nguyen, T., Beart, R. W., Von
Tomout, J. M., and Jones, P. A. Methylation of the 5'CpG island of the p/6/CDKN2
tumor suppressor gene in normal and transformed human tissues correlates with gene
silencing. Cancer Res., 55: 4531-4535, 1995.

Kamb, A., Gruis, N. A., Weaver-Feldhaus, J., Liu, Q., Harshman, K., Tavtigian, S. V.,
Stockert, E., Day III, R. S., Johnson, B. E., and Skolnick, M. H. A cell cycle regulator
potentially involved in genesis of many tumor types. Science (Washington DC), 264:
436-439, 1994.

18.

19.

20.

21.
22.

23.

2725

Ritter, M., de Kant, E., and Neubauer, A. Detection of DNA methylation in the
calcitonin gene in human leukemias using differential polymerase chain reaction.
Leukemia (Baltimore), 9: 915-921, 1995.

Gnarra, J. R, Tory, K., Weng, Y., Schmid, L., Wei, M. H,, Li, H,, Latif, F., Liu, S.,
Chen, F., Duh, F.-M., Lubensky, 1., Duan, D. R., Florence, C., Pozzatti, R., Walther,
M. M., Bander, N. H., Grossman, H. B., Brauch, H., Pomer, S., Brooks, J. D., Isaacs,
W. B., Lerman, M. L, Zbar, B., and Linchan, W. M. Mutations of the VHL tumor
suppressor gene in renal carcinoma. Nat. Genet., 7: 85-90, 1994.

Jen, J., Harper, J. W., Bigner, S. H., Bigner, D. D., Papadopoulos, N., Markowitz, S.,
Willson, J. K. V., Kinzler, K. W., and Vogelstein, B. Deletion of p/6 and p15 genes
in brains tumors. Cancer Res., 54: 6353-6358, 1994.

Mao, L., Merlo, A., Bedi, G., Shapiro, G. 1., Edwards, C. D., Rollins, B. J., and
Sidransky, D. A novel p16"¥¥4A transcript. Cancer Res., 55: 2995-2997, 1995.
Hussussian, C. J., Struewing, J. P., Goldstein, A. M., Higgins, P. A. T., Ally, D. S.,
Sheahan, M. D., Clark, W. H., Jr., Turker, M. A., and Dracopoli, N. C. Germline p/6
mutations in familial melanoma. Nat. Genet., 8: 15-21, 1994.

Naitoh, H., Shibata, J., Kawaguchi, A., Kodama, M., and Hattori, T. Overexpression
and localization of cyclin DI mRNA and antigen in esophageal cancer. Am. J. Pathol.,
146: 1161-1169, 1995.

Downloaded from cancerres.aacrjournals.org on September 19, 2020. © 1996 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

AAC American Association
for Cancer Research

Cancer Research

The Journal of Cancer Research (1916-1930) | The American Journal of Cancer (1931-1940)

Hypermethylation of the p16 Gene in Nasopharyngeal
Carcinoma

Kwok-Wai Lo, Siu-Tim Cheung, Sing-Fai Leung, et al.
Cancer Res 1996;56:2721-2725.

Updated version  Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/56/12/2721

E-mail alerts  Sign up to receive free email-alerts related to this article or journal.

Reprints and  To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Subscriptions Department at pubs@aacr.org.

Permissions  To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/56/12/2721.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on September 19, 2020. © 1996 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/content/56/12/2721
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cancerres.aacrjournals.org/content/56/12/2721
http://cancerres.aacrjournals.org/



