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Abstract

We have recently reported that inactivation of the pi6 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 pi6 gene in this tumor.
Using Southern blotting analysis and multiplex PCR, aberrant methyla-
tion of the 5' CpG island of the pI6 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 pl6
gene, no piÃ² gene expression was found. After treatment with 5-aza-2'-

deoxycytidine, reexpression of the piÃ² gene was detected in the cell line
cell-666. These findings suggest that aberrant methylation of the 5' CpG

island may participate in the transcriptional inactivation of the piÃ² gene
in NPC. The present results further support that the piÃ² gene is the
critical target on chromosome 9p21 for inactivation during the develop
ment of this disease.

Introduction

NPC3 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, p2l, 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 piÃ² gene at
chromosome 9p21 in both NPC xenografts (67%) and primary tumors
(35%). Mutations of the piÃ² gene have also been demonstrated in
three NPC cell lines but not in the xenografts and primary tumors (12).
Sun et al. (13) also reported on decreased expression of the p 16 gene
in two NPC xenografts. Both of these studies demonstrated that
alteration of the pl6 gene may be involved in the development of this
cancer.

The expression of the piÃ³ 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 piÃ² 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 piÃ³ 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 piÃ² gene has taken place
in NPC. We examined for the methylation changes in the 5' CpG

island at the piÃ³ gene in NPC samples. In this report, we demon
strated the presence of hypermethylation of the piÃ³ gene in NPC
xenografts and primary tumors. Reexpression of the piÃ³ gene was
determined in the NPC xenograft-derived cell line with hypermethy
lation of piÃ³ gene after treatment with 5-aza-2'-deoxycytidine. Our
results strongly suggested that hypermethylation of the 5' CpG island

is an alternate mechanism for the inactivation of the piÃ³ 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 Â¡>I6gene
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 (xeno-666) in which no alteration of the piÃ³ 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 /UM 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 pi ft gene, 10 ^g
genomic DNA were first digested with either 40 units Sodi or 40 units Smal
overnight. The restriction digests were ethanol precipitated, dried, and further
digested with 40 units fcoRI. 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 pl6 gene was generated by PCR using the primers 2F and 1108R
(17) and labeled with [a-'2P]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 piÃ³

gene in the NPC samples were also investigated using the multiplex PCR
analysis as described by Ritter el al. (18). One jig 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 piÃ³ gene was amplified in the Smol-digested DNA using

the primers 2F and l I08R (17). As internal control, the STS marker 1063.7 on
the distal side of thep/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 Snml 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 piÃ³ gene
expression. The expression of the piÃ³ gene was determined by RT-PCR using
the primers P16-S9 and P16-SI3 flanking exons 1 to 3 of the gene (20). The

expression of the p!6ÃŸtranscripts was also investigated using the primers PI
and 346R flanking exons IÃŸand 2 (21, 22). The mRNA samples were also
amplified by the primers for the cyclin DÃ¬gene as control (23).

Results

Methylation of the piÃ² 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 pl6
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 5' CpG island in exon 1 of the piÃ² 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. la, the SacII site in the piÃ³ 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 piÃ² 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 piÃ² gene. When
the xeno-666 sample was doubly digested with EcoRI and SacII, 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 pl6 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 pi6 gene. Both the 4.3- and

3.3-kb bands were observed in these cases after digestion with EcoRI
and Sodi (Fig. lo). 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 piÃ³
alÃ­eles.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 thep/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 piÃ³ 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 piÃ² gene, no PCR products of the piÃ² gene were
amplified after complete digestion with Smal. Fig. 2 shows that no
PCR products of the pÂ¡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 piÃ² gene
were observed in the DNA samples of the NPC xenograft (xeno-666)

a.
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Fig. 1. Methylation state of the 5' CpG island of the p/6 gene in NPC. Ali DNA

samples were doubly digested with EroRI and Sacll and subjected to Southern blotting
analysis using a probe for exon 1 of the piÃ² 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 Sodi
sites at exon 1 of the p 16 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
filÃ³ 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 pl6 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 EcoUISactt.

and its derived cell line (cell-666), both of which have hypermethy

lation of the piÃ² gene. Similarly, hypermethylation of the piÃ² 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 pl6 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 piÃ² gene. As

shown in Fig. 3o, 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 piÃ³ 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 pl6 gene in NPC samples using
multiplex PCR. The 5mÂ«I-digesietl and -undigested DNA samples were amplified using
primers 2F/II08R and 1063.7-1/1063.7-2 as described in "Materials and Methods." The

PCR products of the piÃ² gene and 1063.7 were indicated. The presence of PCR products
of the plf> gene in xeno-666. cell-666. NPC-1. and NPC-2 after digestion with Smal

indicated thai the Smal sites in exon I were methylated in these samples. No PCR products
of the pl6 gene were found in HcLa. CC3. NPC-3. and NPC-4. The PCR products of the
STS marker 1063.7 were amplified in all of the samples. Marker. <f>174DNA Hue\\\
digest.

5-aza-2'-deoxycytidine may lead to reexpression of the piÃ³ gene in

cell-666.

Discussion

The p 16 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 CDK6. This is achieved
by the binding of the pi6 protein to CDK4 or CDK6. Inactivation of
the piÃ³ 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 pl6
gene in NPC and showed that homozygous deletion is the major
mechanism for inactivation of the piÃ³ gene in this nasal cancer (12).
In the present study, we have further demonstrated that hypermethy
lation of the 5' CpG island of the piÃ³ gene occurs in NPC and is an

important mechanism for loss oÃ­piÃ³ 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 piÃ³ gene (12). Furthermore, absence of piÃ³ gene expression
and the full methylation of the 5' CpG island of the piÃ³ gene was

observed in this xenograft and its newly derived cell line cell-666. The

a.

sion of the /'/6ÃŸtranscripts, 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. 3/7), but not in two xenografts (xeno-
2117 and xeno-1915) which showed homozygous deletion of the/>/6

gene. The results demonstrated that ploÃŸtranscripts 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 pi6 gene.

Demethylation and Reexpression of the piÃ² Gene in an NPC
Cell Line. To further confirm the correlation between the absence of
piÃ³ gene expression and hypermethylation of the pl6 gene in NPC,
we treated the NPC cell line cell-666 with 5-aza-2'-deoxycytidine.

Partial demethylation of the pÃ¬6gene was observed in cell-666 after
treatment with 0.3 or 1 /MM5-aza-2'-deoxycytidine for 10 days. As

shown in Fig. 3, the EcoRl-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 piÃ³ gene using

b.

Fig. 3. RT-PCR analysis of the expression of different piÃ³ transcripts in NPC. ti.
RT-PCR analysis of piÃ² gene expression in NPC xenografts and cell lines using primers
S9 and SI3 flanking exons 1 to 3. A 560-hp PCR product of the pif> gene (arrow) was
demonstrated in the cervical cancer cell lines (HeLa and CC3) and normal epithelial cell
outgrowth ot 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). h. the 500-bp PCR products of
the pÃ¬fifÃ¬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 plftÃŸtranscripts was shown in xeno-2117 and xeno-1915.

Marker. *I74 DNA Â«adii digest.
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Fig. 4. Demethylation and reexpression of the 77/6 gene in the NPC cell line cell-666

after treatment with 5-aza-2'-deoxycytidine. Upper auioradiogram, methylation state of
the piÃ² gene of cell-666 after treatment with 0.3 and l Â¡IM5-aza-2'-deoxycylidine (5
Aza-2'-dc). Using Southern blotting analysis, the DNA sample from the untreated cell-666

showed a single 4.3-kb fragment after digestion with Â£rÂ»RIand Snuil. After treatment
with 0.3 and 1 JIM5-aza-2'-deoxycytidine for 10 days, demethylation of the Snuil site on

exon 1 of the p 16 gene was shown. Two smaller fragments (1.45-kb and 1.05-kh) were
seen in the DNA sample of the treated cell-666 after digestion with Â£rÂ»RIand Smal.

Limer photograph, reexpression of the plf> gene was demonstrated in the samples of
cell-666 treated with 0.3 and 1 (Â¿M5-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 piÃ³ 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 piÃ³ gene in
cell-666. The above finding suggested that hypermethylation of the 5'

CpG island of the piÃ³ 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 piÃ² gene expression in two

NPC xenografts in which no homozygous deletion nor mutation of the
pÂ¡6 gene was observed. It is suspected that the piÃ² gene may be
transcriptionally inactivated by hypermethylation of the 5' CpG island

in these tumors. Summarizing these findings, it was observed that the
piÃ² 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 pl6 protein may provide a growth
advantage for the establishment of the NPC cell lines and xenografts
or that inactivation of the piÃ² gene may be a common genetic
alteration in this nasal cancer.

In the present study, the aberrant methylation of the piÃ³ gene was
found in 6 (22%) of 27 primary tumor biopsies but not in biopsies of
normal nasopharynx. This demonstrated that inactivation of the piÃ³
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 piÃ³ gene and allelic loss
on chromosome 9p21. It is suspected that piÃ³ gene expression may be
silenced by hypermethylation of either one or both alÃ­elesof the p!6
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 pI6 gene in NPC tumors further supports that the piÃ³ 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 pi6 gene (12) and that 22%
had hypermethylation of the gene, it is evident that more than 50% of
the primary NPC tumors had piÃ² gene inactivation through either
mechanism. We concluded that the inactivation of the piÃ² gene may
play an important role in the development of NPC.
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