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Head and neck squamous cell carcinomas (HNSCC) often metastasise to the cervical lymph nodes. It
is known for HNSCC as well as other cancers that progression from normal tissue to primary tumour
and finally to metastatic tumour is characterised by an accumulation of genetic mutations. DNA meth-
ylation, an epigenetic modification, can result in loss of gene function in cancer, similar to genetic
mutations such as deletions and point mutations. We have investigated the DNA methylation
phenotypes of both primary HNSCC and metastatic tumours from 13 patients using restriction
landmark genomic scanning (RLGS). With this technique, we were able to assess the methylation sta-
tus of an average of nearly 1300 CpG islands for each tumour. We observed that the number of CpG
islands hypermethylated in metastatic tumours is significantly greater than what is found in the primary
tumours overall, but not in every patient. Interestingly, the data also clearly show that many loci meth-
ylated in a patient’s primary tumour are no longer methylated in the metastatic tumour of the same

patient. Thus, even though metastatic HNSCC methylate a greater proportion of CpG islands than do
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the oral cavity, pharynx, and larynx occur at a rate of

approximately 500 000 new cases per year world wide.'
The overall five year survival rate for patients without
clinically evident cervical lymph node metastases is 85% with
little variation dependent upon tumour staging. However,
patients with microscopic lymph node metastases have a sur-
vival rate of 54%. It has been estimated that 20-50% of patients
without clinically evident cervical lymph node metastases do
in fact have microscopic metastases and therefore a poor
prognosis.’

It is widely accepted that cancer results from a multistep
process in which a series of genetic “hits” are required to allow
cells to progress through hyperplasia, dysplasia, carcinoma in
situ (CIS), invasive tumour, and metastatic tumour. The
genetic progression model for colorectal tumorigenesis serves
as a template for many other cancers.’ It is clear that the accu-
mulation of genetic damage correlates with the progression of
cells towards metastasis. Califano et al* proposed a similar
model of accumulation of genetic changes in HNSCC, where
events such as loss of chromosome 9p occur frequently and
carly, while loss of 4q occurs late in tumour progression.

Little is known about the specific gene defects that are
associated with HNSCC progression. The most common type
of molecular defect is unbalanced translocations causing
deletions.”® Loss of heterozygosity (LOH) of 18q" and of
13q14.3°* has been correlated with HNSCC progression and
metastasis. In addition, overexpression of ETS-1, which is not
expressed in normal epithelium, has been correlated with
stage III and stage IV primary tumours, as well as metastatic
involvement of the cervical lymph nodes.” Thus, evidence is
accumulating that, as in other tumour types, it is possible to
identify distinct molecular defects associated with specific
stages of the development of HNSCC.

DNA hypermethylation of CpG islands in the promoters of
genes is a well studied epigenetic alteration of the genome
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the primary tumours, they do so at different subsets of loci. These data show an unanticipated variabil-
ity in the methylation state of loci in primary and metastatic HNSCCs within the same patient. We dis-
cuss two possible explanations for how different epigenetic events might arise between the primary
tumour and the metastatic tumour of a person.

that is known to play a significant role in cancer.'”" The effect
of such promoter hypermethylation can be analogous to
genetic loss of function mutations such as point mutations
and deletions. DNA hypermethylation of a promoter is
thought to transcriptionally suppress the gene through the
recruitment of chromatin remodelling complexes.'*"” Thus,
promoter hypermethylation of a tumour suppressor gene is
one way in which a cell may acquire one or more of the “hits”
that must accumulate in order to progress towards malig-
nancy and/or metastasis.

The p16™“ (p16) gene is located on chromosome 9p21 in a
region that is lost frequently and early in HNSCC.* *” Genomic
analysis of the pI6 locus in tumours lacking the p16 protein
showed that 67% had a homozygous deletion of the p16 locus,
and 21% had hypermethylation of the p16 promoter. In a more
recent study of 14 HNSCC cell lines derived from both primary
and metastatic tumours of the oral cavity, there was no wild
type pl6 expression found. Analysis of the locus determined
that 21% had homozygous deletions, 29% had exonic
mutations, 14% had intronic mutations, and 29% showed
hypermethylation of the pI6 promoter.*

Investigation of genes known to exhibit promoter hyper-
methylation in other cancers has shown that promoter hyper-
methylation does play a role in HNSCC.” **” Interestingly, in a
study of four known genes, no correlation between overall
hypermethylation and clinicopathological factors could be
made. However, hypermethylation of one gene, DAP-kinase,
was positively correlated with stage III-IV tumours and nodal
involvement.” These observations raise the following ques-
tions. To what degree does CpG island hypermethylation con-
tribute to the genomic abnormalities in HNSCC, and do
hypermethylation events accumulate as cells progress towards
metastasis?

Here we report the assessment of the hypermethylation
phenotypes of 13 primary HNSCCs and cervical lymph node
metastases from the same 13 patients. We have used the
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restriction landmark genomic scanning (RLGS) technique to
assess the methylation status of an average of 1293 NofI sites
in normal adjacent tissue, primary tumour, and cervical lymph
node metastasis from all 13 patients. Although quantitatively
we detect a higher proportion of RLGS fragments methylated
in the metastatic tumours, this is not simply an accumulation
of methylation events since many events found in the primary
tumour are not found in the metastatic tumour of the same
patient.

MATERIALS AND METHODS

Tissue collection

Primary head and neck squamous cell carcinomas of the oral
cavity, larynx, and pharynx, and metastases to the cervical
lymph nodes were obtained from the Cooperative Human Tis-
sue Network. All patients were operated on at The Ohio State
University and included 11 males and two females ranging
from 42 to 77 years of age. The 13 patients’ sample sets were
chosen only where the metastatic lymph node contained
grossly visible tumour. All normal specimens were harvested
from morphologically normal appearing tissue located at least
3 cm from the tumour margin and were used as the normal
control tissue for comparisons with the tumour tissues.
Pathological evaluation of the normal, primary tumour, and
metastatic tissues was performed. All tissues were snap frozen
in liquid nitrogen and stored at —80°C before DNA isolation.
All tissues were collected under a protocol approved by the
Institutional Review Board of The Ohio State University.

RLGS

RLGS gels were run as previously described.” *** For each
patient set, the normal profile was compared to the primary
tumour profile and to the metastatic tumour profile. In each
comparison, RLGS fragments present in the normal profile
and absent or greatly reduced in intensity (visual inspection)
in one or both tumour profiles from the same patient were
scored as methylation events. We have previously determined
by comparing quantitative Southern blot analysis with RLGS
profile analysis that we can reliably detect loss of spot
intensity equal to 30-40% methylation. Such loss events were
scored equally as methylation events regardless of whether the
loss appeared to be closer to 40% or 100%. Therefore, despite
the presence of normal contaminating tissue we are still able
to detect methylation in the malignant cells as long as the
majority of the tissue used for DNA isolation is malignant.
Thus, methylation of a locus in 80% of malignant cells within
a tissue with 30% normal cells is well within our detection
capabilities. In addition, we and others have previously shown
that RLGS spot loss equates with methylation."” ”* RLGS
fragments were identified by a coordinate naming system pre-
viously described.” Polymorphic fragments not found in the
RLGS master profile used for naming are uniquely named by
their section, followed by “XHN" and an arbitrary number (for
example, 2DXHN47 indicating section 2D and fragment
XHNA47).

RLGS fragment cloning

RLGS fragments were cloned using the NofI/EcoRV boundary
library mixing gels as previously described.” Single pass
sequencing was performed from the NotI end of the clone and
used for database searches at NCBI. CpG island characteristics
were determined using a CpG island prediction tool at the
WebGene web site (http://www.itba.mi.cnr.it/webgene/). All
sequencing was performed at the Genotyping and Sequencing
Unit (GSU) at The Ohio State University, Division of Human
Cancer Genetics.

Bisulphite treatment, PCR, and sequencing

Bisulphite treatment of DNA and subsequent PCR was
performed as described by Herman et al”* with the exceptions
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that the DNA purification before and after alkali desulphona-
tion was done using the Qiagen gel extraction kit (Qiagen).
Bisulphite treated DNA was used as template in PCR reactions
set up as previously described.” The PCR reactions were run
for 35 cycles. The primers used to amplify the promoter region
of the formin 2 like gene are forward 5' .. TTGGAGTTTTGGT-
GAGTAGGG .. .3', and reverse 5' . . .CCCAAAAATATAAAAAC-
CACAAAAA .. .3" with an annealing temperature of 59°C. The
bisulphite converted sequence of RLGS fragment 2C54 was
amplified using the primers forward 5' . . .GAGGAGGAGAAG-
GAGGAGGA . . .3', and reverse 5' . . .CRACRCCRATATCA-
CATTTA . . 3" with an annealing temperature of 48°C.
Methylation sensitive PCR (MS-PCR) for pl16 was performed
as previously described using the pl6éM2 and pléU2
primers.” Bisulphite sequencing primers for pl6 were de-
signed just flanking these MS-PCR primers: forward
5 . . .GGAGGGGTTGGTTGGTTATIT . . .3/, and reverse
5" .. .CAAACCCTCTACCCACCTAAA .. .3" with an annealing
temperature of 61°C. The PCR products were gel purified using
the Qiagen gel extraction kit, and cloned using the TA Cloning
kit (Invitrogen). Individual clones were sequenced using the
MI13F primer.

RT-PCR and sequencing

Total RNA was extracted from tissue using a modification of
our previously described method.” Briefly, specimens were
placed in individual plastic bags partly immersed in liquid
nitrogen. The bags were resistant to cracking under low tem-
perature exposure. Frozen tissue was crushed by repetitive
strikes with a hammer and dissolved in TRIzol reagent (Invit-
rogen Life Technologies, Carlsbad, CA) by direct addition to
the bag. Specimens were then transferred to centrifuge tubes,
followed by freeze-thawing, and debris removed by brief cen-
trifugation. RNA was then extracted according to the
manufacturer’s protocol; 1.0 pg of total RNA was used for first
strand cDNA synthesis in a total volume of 25 pl and reactions
otherwise performed according to the manufacturer’s instruc-
tions (ProSTAR, Stratagene, La Jolla, CA). PCR amplification
was performed using the Advantage-GC PCR kit (CLONTECH,
Palo Alto, CA). Separate reactions were performed for each
primer pair with the following reaction conditions: 96°C for
one minute followed by 94°C for 30 seconds, 65°C for 30 sec-
onds, 72°C for one minute for 35 cycles (p16), or 33 cycles
(p14) and a final five minute extension at 72°C. PCR samples
were then run through 2% agarose gels and the presence of
amplified product and correct product size verified by
ethidium bromide fluorescence in the presence of 100 bp size
markers (Gibco BRL, Gaithersburg, MD). Primers were
designed by computer analysis (Oligo 4.0, NBI, Hamel, MN) of
available DNA sequence for each gene and are intron
spanning, precluding PCR amplification of any residual DNA
present in RNA samples. Optimum cycle number for PCR
amplification was predetermined for each primer set using a
mixture of RT reactions from 12 random tumour samples
(data not shown). This step is necessary to ensure that PCR
amplification remains in the linear range and that production
of PCR product does not plateau. Primers used in PCR
reactions comprise ple: plé-15, 5'-
GGAGAGGGGGAGAGCAGGCAGC-3' and pl6-14, 5'-
TGGCCCTG TAGGACCTTCGGTGAC-3', pl4*™™: P14-1, 5'-
CGCGCCTGCGGGGCGGA-3'".

RESULTS

Quantification of hypermethylation phenotypes in
primary and metastatic HNSCCs

RLGS profiles were prepared from the DNA of primary tumour
tissue, normal adjacent tissue, and cervical lymph node meta-
static tissue from 13 HNSCC patients. For each patient, the
normal tissue profile was compared to both the primary
tumour profile and the metastatic tumour profile and RLGS
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Representative examples of RLGS analysis. Sections of RLGS profiles are shown from normal cerebellum obtained from a non-cancer

patient at necropsy, as well as HNSCC patient normal adjacent tissues, primary tumour tissues, and metastatic tumour tissues. The solid
arrowheads indicate normal presence of the RLGS fragment, and the open arrowheads indicate reduced RLGS fragment intensity. (A) Profiles
showing the RLGS fragment 5E25 lost in both the primary and metastatic tumours of patient 32. (B) Profiles showing the RLGS fragment 4E1
lost only in the metastatic tumour of patient 7. (C) Profiles showing the RLGS fragment 2D45 lost in the primary tumour, but not the metastatic
tumour of patient 8. (D) Profiles showing the RLGS fragment 2C61 lost in the primary tumour, but not the metastatic tumour of patient 4. (E)
Profiles showing the RLGS fragments 4E24 and 4F22 lost in the primary tumour, but not the metastatic tumour of patient 4.

fragments were scored for presence or absence in the tumour
profiles (see Materials and methods). A total of 33 617 RLGS
fragments were analysed in the set of 26 tumours for a mean
of 1293/tumour profile with a range of 747-2126. Fig 1 shows
portions of RLGS profiles representative of this data set. Note
that although the overall intensity varies from gel to gel, spot
loss is determined by loss of intensity relative to the
surrounding spots. In addition, the fact that spot loss is not
100% in most cases may be explained by partial methylation
and/or normal contaminating tissue that is not methylated. In
all cases, the non-cancer related normal cerebellum profile

shows the normal intensity of the spots, while in some
instances the normal adjacent tissue shows slightly reduced
intensity (fig 1A, C). Methylation in both the primary tumour
and the metastatic tumour was often observed (fig 1A), as was
methylation in the metastatic tumour only (fig 1B). More sur-
prisingly, there were many instances where methylation was
detected in a patient’s primary tumour, but not in the
metastatic tumour from the same patient. Three such
examples are shown in fig 1C, D, and E.

We found that 104 RLGS fragments present in at least one
patient’s normal tissue profile were absent from either one or
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Table 1 Patient and RLGS analysis data for 13 HNSCC patients
% of analyed loci methylated

*Primary tMetastatic 1% lost in primary
Patient  Age (y) Sex Race Tissue Primary Metastatic only only Both  §NA but not metastasis
2 44 M B Tongue 2.1 1.9 6 12 16 0 27
4 56 M Wh Pharynx 1.2 0.57 13 6 1 0 93
7 52 M Wh Pharynx 1.3 1.2 14 14 8 0 64
8 46 M Wh Tonsil 0.76 0.67 11 8 3 0 79
11 67 M Wh Tonsil 0.09 0.36 1 5 1 0 50
12 65 F Wh Tonsil 1.4 1.6 5 16 8 1 38
14 65 M Wh Larynx 0.74 1.4 6 16 2 2 75
15 77 F Wh Tonsil 0.90 3.3 9 27 1 0 90
16 59 M Wh Tongue 0.74 1.9 2 12 4 0 33
23 42 M Wh Pharynx 2.0 3.1 8 14 7 3 53
28 48 M Wh Tongue 0.46 1.2 4 15 2 0 67
29 62 M Wh Tongue 1.2 1.9 2 11 10 0 17
82, 65 M Wh Pharynx 1.3 1.8 12 17 7 1 63
Ave **0.99 **1.47 58
*Number of loci methylated in the primary tumour, but not the metastatic tumour.
tNumber of loci methylated in the metastatic tumour, but not the primary tumour.
tNumber of loci methylated in both the primary and metastatic tumours.
§Number of loci that were methylated in one tumour, but unable to be analysed in the other tumour RLGS profile.
fNumber of loci methylated in the primary only divided by the number of loci methylated in primary only plus the number methylated in both primary and
metastasis.
**An unpaired Z test fest using the normal approximation to the binomial distribution to compare the frequencies of methylation between primary tumours
and metastatic tumours indicates significantly more methylation in the metastatic tumours as a group (p<<0.001).

both of that patient’s tumour profiles (table 1). These RLGS
fragment losses are indicative of methylation of those loci.”
Within each patient set, we have identified loci that are meth-
ylated in the primary tumour only, the metastatic tumour
only, or in both (table 1, fig 1). The percentage of RLGS frag-
ment methylation ranges from 0.09% to 2.10% in primary
tumours and from 0.36% to 3.30% in metastatic tumours. The
frequencies of locus methylation are similar in primary
tumours and metastatic tumours; 23 of the 67 loci methylated
in primary tumours (34%) are methylated in more than 30%
of the patients and 34 of the 89 loci methylated in metastatic
tumours (38%) are methylated in more than 30% of the
patients. The differences in the frequency distributions of
locus methylation are mnot statistically significant
(Komogorov-Smirnov goodness of fit test, p=0.23).

The degree of hypermethylation in primary and metastatic
tumours is compared in table 1. The combined data from all 13
patients indicate that 0.99% of the RLGS fragments are meth-
ylated in the primary tumours, while 1.47% are methylated in
metastatic lymph nodes. A total of 167 methylation events out
of 16 868 data points were detected in primary tumours, and
246 methylation events out of 16 749 data points were
detected in metastatic tumours. An unpaired Z test using the
normal approximation to the binomial distribution to
compare the frequencies of methylation between primary
tumours and metastatic tumours gives a Z statistic of —-3315.4,
indicating significantly more methylation in the metastatic
tumours (p<<0.001).

Primary and metastatic tumours show methylation of
different loci

Additional information can be gleaned by studying the distri-
bution of locus hypermethylation in each individual patient
set (table 1). With the exceptions of patients 2 and 29, the
degree of overlap between loci methylated in the primary
tumour and the metastatic tumour is surprisingly small.
Patients 4, 7, 8, and 32 exhibit more than 10 loci that are
methylated in their primary tumours, but are no longer meth-
ylated in their metastatic tumours. These observations cannot
be explained by contaminating normal tissue masking our
ability to detect methylation since numerous other loci are
methylated in these metastatic tumours. The percentage of
loci methylated in the primary tumour of a patient, but not in
the metastatic tumour from the same patient range from 17%
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to 93% (table 1). These data indicate that the group of loci that
become hypermethylated in HNSCC tumours may differ
significantly between the primary tumour and metastatic
tumour of an individual person and, furthermore, that this
difference is highly patient specific.

One hundred and four methylated loci have been identified
in this patient set. By combining the data from all 13 patient
sets, we are able to look for trends in the methylation state of
specific loci. Eight loci are methylated exclusively in primary
tumours, 17 in metastatic tumours, and 79 in both the
primary and metastatic tumours; 88 of the 104 methylated loci
in this data set are lost in more than one tumour. The
distribution of the methylation events found in the 26 tumour
samples is shown in fig 2 for these 88 loci. There are 86
instances where a locus is methylated only in a patient’s
primary tumour, 170 only in a patient’s metastatic tumour,
and 73 in both the primary and metastatic tumours of an
individual patient.

Cloning and characterisation of targets of
hypermethylation

Fifteen hypermethylated loci were readily clonable using the
Notl/EcoRV boundary library and mixing gel cloning tech-
niques previously described.” ** All 15 were confirmed by mix-
ing gel analysis. Chromosomal location, CpG island traits, and
the genomic context of these 15 loci are shown in table 2. All
15 loci fall within CpG islands.” Homologies to known genes
were identified for six loci, to ESTs for six, and to a pseudo-
gene for one locus. For all six known genes, the CpG island
from which the RLGS fragment arises is found in the
promoter region and 5' end of the gene.

Methylation differences between primary and
metastatic tumours are confirmed by bisulphite
sequencing

There were 93 instances where an RLGS fragment was meth-
ylated in the primary tumour, but was not methylated in the
metastatic tumour from the same patient (table 1, fig 1C, D,
E). To investigate this surprising finding in more detail, an
RLGS fragment (2C54) and a tumour suppressor gene
previously identified as a target of hypermethylation in
HNSCC (pl6) were further analysed. RLGS profile analysis
identified fragment 2C54 as methylated in the primary
tumour of patient 23 but not the metastatic tumour.
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Figure 2 Distribution of methylated loci by patient. Black indicates methylation. White indicates lack of methylation. NA indicates that the
fragment was not analysable. P indicates primary tumour. M indicates metastatic tumour. PO indicates the number of patients where loss was in
the primary tumour only. MO indicates metastatic tumour only. Both indicates where loss was in both.

Bisulphite sequencing primers were designed to amplify a
region within the 2C54 CpG island containing 49 CpG
dinucleotides. Fifteen normal, 17 primary tumour, and 24
metastatic tumour clones were sequenced from patient 23.
More than twice as much methylation was detected in the
primary tumour clones as compared to the metastatic tumour
clones. The proportion of clones showing methylation was
calculated for each CpG dinucleotide and is plotted in fig 3.
The proportion of methylated clones is greatest in the primary
tumour throughout the entire set of 49 CpGs studied. The level
of methylation detected in the normal tissue and the
metastatic tissue overlaps considerably. It is important to note
that these data represent a relative quantification, not an
absolute quantification. Owing to the previously reported
possibility for PCR bias in bisulphite sequencing, we cannot
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use this method for absolute quantification.” The low absolute
level of methylation detected here is likely to be a reflection of
the relative difficulty of amplifying the methylated product,
since it contains up to 49 CpGs within 332 bp.

p16 study provides independent confirmation of
methylation unique to a patient’s primary tumour

The previous data have shown the phenomenon of methyla-
tion present in the primary tumour, but no longer present in
the metastatic tumour of the same patient at anonymous
RLGS loci. In order to understand better the biological signifi-
cance of this phenomenon, we looked to see if we could find it
in a well characterised tumour suppressor gene whose loss of
function has been clearly shown to have biological signifi-
cance. The p16 gene promoter has been previously identified as
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Table 2 RLGS fragment sequence characteristics
CpG island traits

RLGS Class of
fragment Chr location Size (bp) %GC CpG:GpC Genomic context methylation
2B53 2q36-q37 1461 65 0.93 5'end/exon 1 of nucleolin gene Both

2C59 19q13.2 1274 56 0.78 5'end/exon 1 of HSPCO59 protein Primary only
5E25 1q44 2033 70 0.73 5'end/exon 1 of formin-2 like gene Both

3G46 11923 1079 55 0.65 5'end/exon 1 of GlcNac-1-P transferase gene Both

2C54 2935 1860 68 0.86 5'end/exon 1 of cullin3 gene Primary only
3E4 11q14 2322 67 0.83 5'end of a1,3 fucosyltransferace gene Both

3F82 16p11.2 1422 67 0.86 CSDAP1 pseudogene 1 Both

2C29 6q21 885 55 0.75 EST accession No AL516185 Both

3E50 16p13.3 1479 66 0.75 EST accession No BEZ735354 Primary only
4B44 3921 653 72 0.77 EST accession No AW294737 Both

4F22 3p25-p26 734 67 0.71 EST accession No AA338277 Both

2D27 4933-934 1030 69 0.84 EST accession No BF961384 Metastatic only
8E5 16q12.1 2153 73 0.88 EST accession No AV720746 Both

2D48 7p21 890 60 0.74 No known gene homology Both

3E57 5 1025 60 0.69 No known gene homology Both

a target of CpG island hypermethylation in HNSCC and this
methylation has been correlated with silencing of the gene.
Methylation specific PCR (MS-PCR) was performed for the
pl16 promoter as previously described™ in a set of nine primary
and metastatic tumours. Of the nine patients studied in fig 4A,
only patient 4’s primary tumour showed methylation. No
methylation is detected in the metastatic tumour from patient
4; however, the presence of the unmethylated pl6 band
indicates that the locus has not been homozygously deleted.
The MS-PCR result was confirmed by bisulphite sequencing of
10 clones each for normal adjacent, primary tumour, and
metastatic tumour DNA from patient 4 using primers
designed to flank the region amplified by MS-PCR. The
primary tumour DNA showed heavy methylation of approxi-
mately half the clones, while the metastatic tumour showed

0.6 —

Proportion of methylated CpGs

0

almost no methylation (fig 4B). Methylation of multiple other
loci, as detected by RLGS analysis of the metastatic tumour
from patient 4, shows that the ability to detect methylation in
this tumour is not masked by contaminating normal tissue.
RT-PCR from RNA obtained from the primary and metastatic
tumours from patient 4 showed low expression from the
primary tumour where methylation was detected, but high
expression from the metastatic tumour where no methylation
was detected (fig 4C). The primers used for the pl6 RT-PCR
reaction fall in exon 1 of the p16 transcript and exon 2 shared by
both the pl6 and p14** (p14) transcript. Direct sequencing of the
RT-PCR product (the entire pl6 transcript) showed that the
transcript expressed in the metastatic tumour has a 17 bp dele-
tion early in exon 2 (nucleotide 219 of the p16 mRNA), resulting
in a frameshift (fig 4D). The frameshift occurs after amino acid

---@-- Normal adjacent issue (n = 15)
—A— Metastatic lymph node (n = 24)
—&— Primary tumour (n = 17)

\ /

\ 1
\ !
L1l lglelgl LI 1 111

Figure 3 Bisulphite sequencing of RLGS fragment 2C54. After bisulphite PCR of 2C54 from patient 23’'s HNSCC DNA, 15 normal adjacent
tissue clones, 17 primary tumour clones, and 24 metastatic lymph node clones were sequenced. The data are presented as the proportion of
CpGs methylated per group of clones for each of 49 CpG dinucleotides sequenced from the 332 bp cloned products. The proportions were
calculated by dividing the number of methylated CpGs by the number of clones sequenced from that tissue. The proportion of methylated CpGs
is represented on the Y axis, and each of 49 CpGs is represented on the X axis.
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Figure 4 pl6and pl4 studies. (A) MS-PCR analysis of the p16 gene promoter on a set of nine pairs of HNSCC DNAs. For each DNA, a
separate PCR reaction was run and loaded on a polyacrylamide gel for the unmethylated specific primers (U) and the methylated specnhc
primers (M), as indicated above each lane. The patient numbers are indicated. P, primary tumours; M, metastatic lymph node. (B) “Beads on a
string” diagrams indicating the multiple clones sequenced from bisulphite PCR of the p16 promoter. The arrows indicate primer sets X and Y.
The Y primer set indicates the position of the primers used for MS-PCR analysis in (A). The X primer set indicates the position of the primers used
for bisulphite PCR. Each bead represents one of 28 CpG dinucleotides analysed with primer set X. Open beads indicate non-methylated CpGs,
while closed beads indicate methylated CpGs. Each horizontally arranged string of beads indicates a single sequenced clone. Ten clones each
were sequenced from patient 4’s normal adjacent tissue, primary tumour, and metastatic lymph node DNAs. N, normal adjacent tissue; P,
primary tumours; M, metastatic lymph node. (C) RT-PCR was performed using primers specific to the p16 and p14 transcripts on RNA obtained
from patient 4's primary tumour and metastatic tumour. The product sizes are 580 bp and 577 bp, respectively. (D) Chromatograms from each
of the four RT-PCR products shown in (C). RT-PCR products were gel purified and directly sequenced.

60 and produces a nonsense mutation with a stop codon at
amino acid 112. The low level transcript detected in the primary
tumour has no mutation.

The transcript detected in the primary tumour may arise
from contaminating normal cells, and so to determine if the
17 bp deletion is present in the primary tumour cells the p14
transcript was studied. RI-PCR was performed on the same
samples using a primer specific to the pI4 exon 1, and the
same second primer in the shared exon 2 that was used for p16
RT-PCR. The pI4 transcript is equally expressed in both the
primary and the metastatic tumours of patient 4 (fig 4C). Fur-
thermore, direct sequencing of the RT-PCR product shows
that, just as with the p16 transcript, the metastatic tumour has
a 17 bp deletion while the primary tumour transcript has no
mutation. These results confirm that in patient 4’s primary
tumour there is methylation of p16, but no mutation, whereas
in the metastatic tumour from the same patient, there is
mutation of p16 but no methylation. Important to the biology
of the tumours, however, both genomic alterations lead to loss
of function of the p16 protein.

DISCUSSION
A crucial point in our understanding of cancer biology is that
neoplastic cells evolve from the accumulation of genetic

changes that give the cells a growth or survival advantage.’
These genetic changes tend to accumulate in a loose order. For
instance, loss of chromosome 9p is a common and early
change (often in hyperplasia) in the development of HNSCC,
while loss of chromosome 4q is found late (often in CIS and
invasive tumour) in HNSCC.* ** It seems reasonable to predict
that epigenetic changes such as CpG island hypermethylation
may also accumulate in a similar manner. To address this idea
experimentally, we have used restriction landmark genomic
scanning (RLGS) to study the hypermethylation phenotypes
in 13 HNSCC patients, comparing the RLGS profiles from their
primary tumours and cervical lymph node metastases to their
normal adjacent tissue profiles. CpG island hypermethylation
is generally thought to result in loss of function of the gene
involved owing to suppression of transcription. This is analo-
gous to other loss of function mutations such as deletions and
point mutations. Deletions resulting from unbalanced translo-
cations are the most common type of mutation in HNSCC.
Nevertheless, it is clear from the data presented in this article,
as well as the data of others, that the mutation spectrum in
HNSCC also includes CpG island hypermethylation. We found
that in the overall data set there is a small but significant
increase in the degree of CpG island hypermethylation in
metastatic tumours compared to the primary tumours.
Importantly, however, we also found that the hypermethylated
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loci in primary tumours and metastatic tumours can vary
tremendously within a single patient. Thus, even though there
tends to be more methylation in any one patient’s metastatic
tumour, this is not simply the result of an accumulation of
additional methylation events, since many found in the
primary tumour are no longer found in the metastatic tumour.

The percentage of specific loci that are methylated in the
primary tumour of a patient, but not in the metastatic tumour
from the same patient varies widely from 17% in patient 29, to
93% in patient 4, with an average of 58% (table 1). This indi-
cates that there is not an accumulation of epigenetic changes
in the metastatic tumours, but instead a different set of
changes with only a portion of those found in the primary
tumour retained in the metastatic tumour. This is reinforced
by the bisulphite sequencing data of RLGS fragment 2C54 and
the pl16 promoter. Furthermore, the finding of very low pl6
expression in the methylated primary tumour, but high
expression in the unmethylated metastatic tumour, and that
the metastatic tumour harbours a genetic mutation in pl6
while the primary tumour does not, offers some insight on
how to explain these findings.

One interpretation of these data would be to suggest that
there is substantial epigenetic heterogeneity within the
primary tumours. We would then predict that hypermethyla-
tion events present in both the primary and metastatic
tumours are from events that were present very early in the
development of the primary tumour. Further evolution of the
tumour may proceed differently in various regions, either by
random chance or by selection because of different microenvi-
ronments. This may result in the formation of many unique
subpopulations with regard to methylation within the
primary tumour. Since our sensitivity with RLGS is limited to
reliably detecting 30% hypermethylation of a locus, the hyper-
methylation events we have detected in primary tumours are
likely to be present in most subpopulations of cells within the
tumour. If one of the minor subpopulations of cells with
differential hypermethylation events acquires characteristics
advantageous to metastatic spread, then the hypermethyla-
tion we detect in the metastatic tumour would be different
from what is detected in the primary tumour. The differential
methylation events may or may not directly contribute to the
cells” propensity for metastasis.

The fact that patient 4’s primary and metastatic tumours
have found different ways to inactivate p16 function fits well
within this interpretation. Perhaps because of a field effect,
multiple initiated cells became malignantly transformed and
ultimately contributed to the primary tumour. Some of those
cells may have inactivated p16 function by promoter hyper-
methylation and contributed to the majority of the primary
tumour, while other cells had a 17 bp deletion and made only
a minor contribution to the population of primary tumour
cells. However, this minor population continued its independ-
ent evolution and acquired the ability to create the metastatic
tumour in the cervical lymph node.

An alternative interpretation of the data relies on the
potential plasticity of DNA methylation. Although DNA
methylation can act as a loss of function mutation similar to
point mutations or deletions, a significant difference is that
while genetic mutations are permanent, hypermethylation of
a CpG island may be reversible. An excellent example of how
such a scenario may be advantageous to tumour development
has been proposed for the E-cadherin gene (CDHI).” CDHI is
involved in homotypic cell-cell adhesion of differentiated epi-
thelial cells, and loss of expression has been linked to
invasiveness. It is advantageous for a cell to express CDHI
when growing in a tumour mass, but in order to become inva-
sive, or to leave the tumour mass for metastatic spread, it is
advantageous to block expression. Graff et al’” have shown that
the prostate cancer cell line TSUPr1 shows moderate levels of
hypermethylation of the CDHI locus. When this cell line is put
into a model culture system for basement membrane invasion,
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the invasive cells show higher levels of hypermethylation.
However, when this cell line is put into a culture model system
for three dimensional tumour growth, the cells showed low
levels of hypermethylation.” This potential for dynamic
hypermethylation of promoters affords the opportunity to up-
or downregulate gene expression either randomly or in
response to other signals. This represents a significant differ-
ence between epigenetic and genetic changes.

The lack of hypermethylation seen in the metastatic HNSCC
tumours at loci that were previously methylated in the
primary tumours may in part be explained by dynamic loss of
hypermethylation. This idea, and the idea of the independent
development of subpopulations of cells with unique hyper-
methylation patterns within the primary tumour, is not
mutually exclusive. Our findings show that the patterns of
CpG island hypermethylation in primary and metastatic
HNSCC are complex and suggest that the relationship
between those patterns in any one patient may require a more
sophisticated explanation than a simple accumulation of
changes.
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