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SUMMARY: Loss of the CD44 transmembrane glycoprotein in primary prostate cancer has been shown to be associated with
unfavorable clinical behavior. Moreover, the majority of prostate cancer metastases lack expression of this molecule. The
mechanism of CD44 silencing in prostate cancer was investigated using both patient material and in vivo-propagated human
prostate cancer xenografts. In 9 of 11 lymph node metastases of prostate cancer, we demonstrated by methylation-sensitive
restriction enzyme digestion that the promoter region of the CD44 gene is methylated, indicating that this represents a major
mechanism of CD44 silencing. Similarly, in 6 out of 12 in vivo-growing human prostate carcinoma xenograft models,
hypermethylation of the CD44 gene was found. The extent of CpG island methylation was investigated by nucleotide sequencing
after bisulphite modification of the CD44 promoter region. In the xenografts displaying hypermethylation, the examined 14 CpG
sites in the CD44 transcription regulatory domain, including a Sp1 binding site, were consistently methylated. This correlated with
reduced CD44 expression or lack of CD44 expression at mRNA and protein levels. In the xenografts lacking hypermethylation of
the CD44 gene, high levels of CD44 mRNA and protein were expressed in some models, whereas in others CD44 mRNA
expression was only detectable by RT-PCR and the CD44 protein could hardly be detected or was not detected at all. The results
indicate that, in most prostate cancers, loss of CD44 expression is associated with extensive hypermethylation of the CpG island
of the CD44 promoter region, but other, posttranscriptional mechanisms may also lead to CD44 loss. (Lab Invest 2000,
80:1291–1298).

P rostate cancer is the second leading cause of
death among males in the United States, Western

Europe, and Australia (Parker et al, 1997). In the last
decade, as the incidence of prostate cancer has
increased with the aging of the western male popula-
tion, so has its detection improved with the introduc-
tion of prostate-specific antigen serum testing and a
growing awareness of the disease (Bangma et al,
1995). Concern has been raised about the potential
risk of overtreatment of early-detected prostate can-
cers (De Koning and Schröder 1998; Zappa et al,
1998). Insight into the nature of a tumor (ie, whether it
is aggressive or nonaggressive) at diagnosis could
help to determine the most appropriate therapy. For
that reason, a considerable effort is directed at the
search for markers predicting aggressiveness or met-
astatic potential of prostate cancer.

CD44 is a receptor for hyaluronate, plays a role in
cell-cell and cell-matrix interactions, and has been
implicated in tumor growth and migration (Aruffo et al,

1990; Naor et al, 1997; Sherman et al, 1994). The
CD44 gene consists of 20 exons, of which at least 10
are alternatively spliced (Tölg et al, 1993). Up-
regulation and down-regulation of both the standard
CD44 protein, which includes no alternative exons,
and variant proteins, have been correlated with the
metastatic behavior of various human cancers (Ponta
et al, 1994; Sy et al, 1997). Recently, some studies
demonstrated that loss of CD44 was associated with
increased grade and pathological stage of prostate
cancer. In addition to these conventional parameters,
loss of CD44 proved to predict tumor recurrence and
biochemical progression (De Marzo et al, 1998; Kal-
lakury et al, 1996; Noordzij et al, 1997). Therefore,
knowledge of the mechanisms responsible for tran-
scriptional down-regulation of the CD44 gene could
be helpful for the design of specific tools for identifying
prostate cancers with aggressive potential.

CpG island methylation in the regulatory sequence
of a gene is known to be a nonmutational mechanism
that can cause transcriptional suppression. This is
accomplished through the formation of repressor
complexes, including methyl-CpG-binding proteins
(MeCPs) and histone deacetylases, leading to an
inactive chromatin structure (Kass et al, 1997; Nan et
al, 1998; Razin, 1998). When, as a consequence of
DNA methylation, tumor suppressor genes or growth-
inhibiting genes are down-regulated, cancer progres-
sion can be promoted (Bird, 1996; Zingg and Jones,
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1997). Also for prostate cancer, CpG methylation has
been described to be a mechanism that inactivates
several genes (Jarrard et al, 1996; Schulz, 1998),
including the E-cadherin (Graff et al, 1995) and GSTP1
genes (Lee et al, 1997). These observations were the
motivation for a previous study that was to investigate
whether and to what extent methylation of the CD44
promoter was correlated with loss or decrease of its
expression. We, and others, found that this was true
for the examined human prostatic carcinoma cell lines:
DU145, LNCaP, PC3, PC-346C, and TSU (Lou et al,
1999; Verkaik et al, 1999). In a recent study,
methylation-specific restriction enzyme digestion fol-
lowed by PCR analysis was used to detect the pres-
ence of methylated CD44 DNA in 31 of 40 primary
prostate cancers and in 3 of 4 distant metastases.
These data support hypermethylation of the CD44
gene as an important mechanism of CD44 silencing in
clinical prostate cancer (Lou et al, 1999). Here, we
demonstrate hypermethylation of the promoter region
of the CD44 gene in the majority of lymph node
metastases using methylation-sensitive restriction en-
zyme analysis. Further analysis, using bisulphite
genomic sequencing, of methylation patterns in
CD44-positive and -negative human prostate cancer

xenografts demonstrated that, in most cases, loss of
CD44 mRNA and protein expression was associated
with severe methylation of the investigated CpG sites
of the CD44 promoter CpG island.

Results

Methylation Status of CD44 Gene Promoter Region in
Benign Prostatic Tissue and Prostate Cancer Lymph Node
Metastases

Clinical studies show that prostatic epithelial cells of
benign prostatic hyperplasia (BPH) tissue, representa-
tive for the normal prostate, are positive for CD44
protein expression, whereas about 80% of the lymph
node metastases investigated have complete loss of
CD44 protein expression (Noordzij et al, 1997, 1999).
Methylation-sensitive restriction enzyme analysis was
performed on three BPH samples and 11 lymph node
metastases. Methylation of the CpG in the CfoI rec-
ognition site within the CD44 promoter would prevent
digestion of the 531-bp EcoRV-BamHI CD44 pro-
moter fragment into a 365 and 166-bp band (Fig. 1A).
Genomic DNA was digested with an excess of CfoI to
ensure complete digestion. Furthermore, genomic

Figure 1.
Methylation-sensitive restriction enzyme analysis of clinical prostate cancer samples and xenograft models. A, Restriction map of the CD44 59 CpG island. The bold
line represents the 202-bp probe used for Southern blot hybridization. The 531-bp EcoRV/BamHI fragment contains one CfoI restriction site, resulting in a 166-bp
and a 365-bp fragment if the internal CpG of CfoI is unmethylated. Restriction fragments were hybridized with a 202-bp CD44 promoter probe. B, Southern blot
analysis of clinical benign prostatic hyperplasia (BPH) samples and prostate cancer lymph node (LN) metastases. C, Southern blot analysis of the human prostate
cancer xenograft models.
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DNA of the prostatic cancer cell line TSU was added
as an additional sample in each experiment. The CD44
promoter in TSU is known to be completely unmeth-
ylated (Verkaik et al, 1999) and therefore served as a
control on the efficiency of the digestion reaction.
None of the BPH, but 9 of 11 lymph node metastases,
showed the 531-bp fragment in addition to the 365-
and 166-bp fragments (Fig. 1B). This indicates that the
BPH samples are unmethylated, whereas in 9 of 11
lymph node metastases of the prostate, part of the
tissue has a methylated CD44 promoter. The ob-
served number of lymph node metastases with a
methylated CD44 promoter (9/11) corresponds well
with the 80% of CD44 immuno-negative lymph node
metastases found previously by Noordzij et al (1999).

Methylation of the CD44 Promoter and Correlation with
CD44 mRNA and Protein Expression in Human Prostate
Cancer Xenografts

To investigate the relation between CD44 expres-
sion (mRNA and protein) and the extent of methyl-
ation in the CD44 promoter region and in an in vivo
system, we analyzed a panel of in vivo human
prostatic carcinoma xenografts (Table 1). Immuno-
staining of the different xenografts with a human-
specific monoclonal antibody showed a homoge-
neous and strong membranous expression in the
PC-82 (Fig. 2A) and PC-374 models, a homogenous
and moderate expression in PC-135 and PC-310,
and a loss of expression in the PC-133, PC-295,
PC-339, PC-346P, PC-346I, PC-346B, and PC-
346BI models (Fig. 2B). Immunostaining of different
mouse passages, varying from 1 to 40, showed that
CD44 protein expression in the xenograft models
remained stable over time (data not shown).

Using reverse transcriptase-polymerase chain re-
action (RT-PCR), xenografts PC-82, PC-135, PC-
295, PC-310, PC-324, PC-339, and PC-374 dis-
played both CD44 seconds (250 bp fragment) and
CD44 variant mRNA (650 bp) (Fig. 3). PC-346B and
PC-346BI showed reduced expression of the stan-

dard CD44 mRNA transcript. Finally, PC-133, PC-
346P, and PC-346I were completely negative.
Specificity of the products was checked by hybrid-
ization of the RT-PCR products with a radioactively
labeled internal oligonucleotide. Omission of re-
verse transcriptase to the reaction gave a negative
result. To get more insight into the level of CD44
mRNA expression, a Northern blot analysis was
performed as well. On a Northern blot, PC-82 and
PC-374 were clearly positive for CD44 mRNA (data
not shown), confirming the strong CD44 expression
in these xenografts, as was also found with the
immunohistochemical staining. All other xenografts
showed no signal, meaning that they are either
CD44-negative or that the expression is too low to
be detected by Northern blot analysis.

The methylation status of the CD44 promoter
region in the xenografts was analyzed by means of
methylation-sensitive restriction enzyme analysis
(Fig. 1C). No evidence for methylation of the CD44
promoter region was found in PC-82, PC-135, PC-
310, and PC-374 (expressing both CD44 mRNA and
protein) because the 531-bp fragment of the EcoRV-
BamHI fragment was completely digested into the
365-bp and 166-bp fragments by CfoI. PC-324 and
PC-339 were not methylated at the investigated
CpG site. These xenografts were CD44 mRNA-
positive in the RT-PCR assay but negative on the
Northern blot and in the immunohistochemical
staining. PC-295 was also only positive in the RT-
PCR assay, but it proved to be heterogeneous with
respect to the methylation status of the CD44 pro-
moter region. Finally, the PC-346 panel and PC-133,
which had a low or absent CD44 mRNA expression,
were completely methylated at the CfoI site. Al-
though all four PC-346 xenograft models derived
from the same primary tumor, a weak CD44 mRNA
signal was present in PC-346B and PC-346BI. This
could originate from a small population of CD44-
positive cells within the xenografts because the
original primary prostate tumor exhibited a hetero-

Table 1. Main Characteristics and Results of CD44 Expression and CD44 Methylation Pattern of the Human Prostatic
Xenograft Models

Tumor model Origin
Androgen
sensitivity

Methylation
status

CD44 mRNA
RT-PCR

CD44 mRNA
Northern blot

CD44
protein

PC-82 RP yes 2 1 1 11
PC-133 bone no 1 2 2 2
PC-135 LN no 2 1 2 1
PC-295 LN yes 1/2 1 2 2
PC-310 RP yes 2 1 2 1
PC-324 TUR-P no 2 1 2 2
PC-339 TUR-P no 2 1 2 2
PC-346P TUR-P yes 1 2 2 2
PC-346I no 1 2 2 2
PC-346B yes 1 1/2 2 2
PC-346BI no 1 1/2 2 2
PC-374 skin no 2 1 1 11

RP, radical prostatectomy; LN, lymph node; TUR-P, trans-urethral resection of the prostate.
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geneous CD44 protein expression pattern. Table 1
summarizes the results of restriction enzyme diges-
tion with methylation-sensitive CfoI, RT-PCR, and
Northern blot analysis for CD44 mRNA expression
and immunohistochemistry for CD44 protein ex-
pression on the examined 12 xenograft models. In
conclusion, at least 9 of 12 xenograft models have a

methylation pattern consistent with a role of meth-
ylation in CD44 silencing.

Sequencing of Bisulphite Modified Genomic CD44 DNA
Derived from Prostate Cancer Xenograft Models

Because methylation-sensitive restriction enzyme
analysis only gives limited information about the meth-
ylation status, we analyzed a group of five xenograft
models in more detail using bisulphite genomic se-
quencing with a region of 14 CpGs within the CD44
promoter CpG island, including the central CpG of a
Sp1 site. For each xenograft, eight independent
clones were sequenced. Sequencing results of all
these clones are shown in Figure 4. PC-82 and PC-
135, both CD44 mRNA- and protein-positive, showed
an absence of methylation throughout the CpG island,
except for the most upstream CpG. PC-324, positive
for CD44 mRNA but negative for CD44 protein expres-
sion, was unmethylated in the CD44 promoter region.
In contrast, the CD44 mRNA- and protein-negative
PC-346P and PC-346B display heavily methylated

Figure 2.
CD44 protein expression in human prostatic carcinoma xenograft models. Slides were stained with an antibody recognising both the standard protein and all splice
variants. A, PC-82 xenograft model, with strong membrane staining. B, PC-346P xenograft model, lacking CD44 expression. (3400)

Figure 3.
CD44 mRNA expression in human prostatic carcinoma xenograft models.
RT-PCR products were visualized by ethidium bromide staining. The smallest
250-bp band represents standard CD44 mRNA. All other bands are CD44
splice variants.
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CpG islands, including the CpG of the Sp1 site.
Although the methylation pattern of the CpG island
within a xenograft varied to some extent, the CpG of
the CfoI restriction site used for the methylation-
sensitive restriction enzyme analysis always proved to
be methylated in a CD44-negative xenograft. This
would suggest that the methylation status of this site
is highly representative of the methylation status of the
xenograft analyzed.

Discussion

Several mechanisms may account for loss of suppres-
sor gene function, including allelic loss combined with
mutation, homozygous deletions, hypermethylation of
CpG islands in the promoter region, abnormal splic-
ing, and down-regulation by growth factor or cytokine-
mediated activation of cell membrane receptors. Pre-
vious in vitro experiments showed that loss of CD44
expression in human prostatic carcinoma cell lines
was correlated with methylation of the CD44 promoter
region. In fact, direct involvement of hypermethylation
in CD44 suppression was supported by the observa-
tion that the demethylating agent 5-azacytidine could
induce CD44 expression in the otherwise CD44-
negative PC346C prostate cancer line (Verkaik et al,
1999). In the current study, we present evidence that
not only in vitro, but also in vivo, promoter methylation
is one of the mechanisms by which CD44 mRNA
expression is down-regulated in human prostate can-
cer.

We confirmed the importance of methylation as a
suppressive mechanism for CD44 in vivo (Lou et al,
1999) by our results obtained with the clinical tumor
samples. None of the BPH samples, which are repre-
sentative for the normal prostate, were methylated,
whereas 9 of 11 lymph node metastases showed
methylation of the CD44 promoter CpG island. In
addition to the 531-bp fragment in the methylation-
sensitive restriction enzyme analysis, which repre-
sents methylation of the CD44 promoter DNA, most of
the lymph node metastases show the 365- and

166-bp fragments as well. The bisulphite sequencing
result (Fig. 4) shows that the methylation status of the
CfoI restriction site (CpG at position 2273) is repre-
sentative of the overall methylation status of a sample.
Therefore, we think it is not likely that the presence of
the CfoI digested fragments in the lymph node metas-
tasis samples are the result of methylation pattern
differences within the sample. However, contamina-
tion of all samples with (CD44-positive) lymphocytes
must be considered very likely, because we did not
perform microdissection for isolation of genomic DNA.
Although there is a clear correlation between reduced
expression of CD44 or lack of CD44 expression and
methylation of the CD44 promoter, it remains to be
determined whether CD44-negative prostate cancers
caused by methylation of the CD44 promoter region
behave differently from CD44-negative tumors that do
not show this methylation.

In addition, the availability of twelve human prostate
cancer xenografts (Van Steenbrugge et al, 1994; Van
Weerden et al, 1996) gave us the opportunity to
perform a detailed analysis of CD44 mRNA expres-
sion, CD44 protein expression, and the extent of
promoter methylation in an in vivo system. This panel
of 12 xenograft models has been well characterized
and consists of both androgen-dependent and
androgen-independent tumor models with varying de-
grees of differentiation representing the most common
types of prostatic adenocarcinomas (Van Steen-
brugge et al, 1994; Van Weerden et al, 1996). Slides of
all xenograft models were immunohistochemically
stained for CD44 protein (standard and all splice
variants). No correlation was found between CD44
expression and androgen dependence or expression
of prostate-specific markers, such as the androgen
receptor and prostate-specific antigen (Van Steen-
brugge et al, 1994). Based on methylation-sensitive
restriction enzyme analysis, CD44 mRNA, and CD44
protein expression, prostate cancer xenografts with
and without a methylated CpG island in the promoter
region of the CD44 gene could be distinguished. Five

Figure 4.
Bisulphite genomic sequencing of the CD44 promoter CpG island of a panel of human prostatic xenograft models. The upper part shows the position of each individual
CpG in the CD44 promoter region (indicated as a vertical bar). The arrows indicate the position of the nested primer sets used. The circles in the lower part represent
the methylation status of each individual CpG, which is the sequencing result of 8 different clones: an open circle is completely unmethylated; an open circle with
a black centre is predominantly unmethylated; a grey circle is equally unmethylated and methylated; a black circle with a white centre is predominantly methylated;
and a black circle is completely methylated.
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xenograft models, with low to undetectable CD44
mRNA and no CD44 protein expression, showed
complete methylation of the CpG island. In addition,
four xenograft models with weak to strong CD44
mRNA expression and detectable protein level had an
unmethylated CD44 promoter region. So 9 of 12
xenograft models have a methylation pattern that is
consistent with a role for methylation in CD44 silenc-
ing. However, the three remaining xenograft models
were partially or completely unmethylated, and no
protein expression could be detected. In these cases,
CD44 mRNA expression was only detectable by the
more sensitive RT-PCR analysis. It cannot be ex-
cluded that, in these xenografts, CD44 is expressed
below our detection level. Unfortunately, at the mo-
ment no data are known about the loss of heterozy-
gosity of the CD44 gene in any of the previously
examined prostatic cancer cell lines (Verkaik et al,
1999) or in the human prostatic xenograft models
studied in this paper.

Detailed analysis of the methylation of CpG islands
by bisulphite genomic sequencing revealed that, in
both PC-346P and PC-346B, the CD44 promoter
region was heavily methylated throughout the CpG
island, including the Sp1 site, whereas PC-82, PC-
135, and PC-324 were almost completely unmethyl-
ated at their CpGs. Strikingly, methylation of some
CpG sites, most notably the most upstream CpG site,
could be detected in these xenograft models. This
observation suggests that care must be taken when
choosing a restriction enzyme for detection of meth-
ylated CD44 promoter region by methylation-sensitive
restriction enzyme digestion, followed by PCR analy-
sis (Lou et al, 1999). The CfoI site seems to be a very
informative one, because its internal CpG is always
methylated in CD44-negative samples.

Suppression of transcription by methylation is the
result of chromatin structure changes mediated by the
transcriptional repression complex containing MeCPs
and deacetylases (Razin, 1998). Bisulphite genomic
sequencing of two CD44-negative xenografts (PC-
346P and PC-346B) showed severe methylation
throughout the CD44 promoter CpG island. The inves-
tigated region contains 14 CpGs, one of which is
located in a Sp1 binding site. The central CpG of this
Sp1 site is completely methylated as well, whereas the
Sp1 in the CD44-positive xenografts are completely
unmethylated. It has been described that the Sp1
transcription factor can bind DNA and activates tran-
scription even when the binding site is methylated
(Holler et al, 1988). So it does not seem likely that
CD44 is repressed by direct inhibition of Sp1 tran-
scription factor binding to the methylated Sp1 site.
However, Kudo (1998) showed that, for the human
leukosialin gene (CD43), MeCP2 represses Sp1-
activated transcription. Instead of a direct effect, it is
likely that CD44 expression is suppressed by the
indirect effect of the chromatin structure changes
mediated by binding of MeCPs close to the Sp1.

In conclusion, this study demonstrates that methyl-
ation of the promoter region of the CD44 gene repre-
sents a major mechanism of silencing CD44 expres-

sion in prostate cancer metastases and is correlated
with reduced or loss of CD44 expression. However, it
cannot be excluded that other factors may also result
into loss of CD44 expression. Both the in vitro human
prostate cancer cell lines and the in vivo xenograft
models may represent useful models for designing
tools to detect methylation of the CD44 gene in clinical
samples and for studying the involvement of methyl-
ating enzymes in prostate cancer.

Materials and Methods

Tumor Models and Clinical Tissue Samples

A panel of 12 in vivo xenograft models (listed in Table
1) and 14 freshly frozen tissue samples were used for
studying the relationship between CD44 expression
and methylation of the CD44 promoter region. The
main characteristics of the xenografts, propagated by
subcutaneous inoculation, have been described pre-
viously (Noordzij et al, 1996; Van Steenbrugge et al,
1994; Van Weerden et al, 1996). All tissues were
derived from xenografts grown in male mice with
androgen substitutes by means of a Silastic testoster-
one implant. PC-346P and PC-346B originated from
the same primary prostate tumor, but two separate
transurethrally resected prostate chips were used for
implantation into nude mice. The original primary
prostate tumor exhibited a heterogeneous CD44 pro-
tein expression pattern. PC-346I is an androgen inde-
pendent subline of the PC-346P xenograft model, as
is PC-346BI of the PC-346B model. Frozen prostatic
tissue from three prostatectomy specimens, lacking
tumor but containing both stromal and glandular cells
(ie, benign hyperplasia), and frozen tissue samples of
11 lymph node metastases were retrieved from the
Rotterdam and Nijmegen prostate tissue bank. The
lymph node metastases were selected for their high
content (.90%) of tumor tissue.

Reverse Transcriptase-Polymerase Chain Reaction and
Northern Blot Analysis

RNA isolation from xenograft material and RT-PCR
analysis was performed as described (Verkaik et al,
1999). To avoid amplification of mouse RNA of the
xenograft samples, a human-specific primer pair was
used in the PCR reaction: the sense primer CD44–5S
(exon 5): 59 ACAGCACAGACAGAATCCCTG 39 and
the intron-spanning antisense primer CD44–17AS
(exon 17/19): 59 TCTTCTGCCCACACCTTCTCC 39.
These primers amplify both CD44 standard cDNA and
all possible splice variants.

For Northern hybridization, total RNA (20 mg) was
electrophoresed on a 1% agarose formaldehyde gel
and transferred to Hybond N1. RNA was fixed to the
membrane by UV-cross-linking. The blot was hybrid-
ized overnight at 60° C with a 250-bp a32P-dATP-
labeled CD44 standard cDNA probe (RT-PCR product
obtained with the CD44–5S and CD44–17AS primers)
in a hybridization mix containing 0.5 M
Na2HPO4.2H2O (pH 7.2), 7% SDS, 1% BSA and 1 mM

EDTA. The filter was washed with 13 SSC/0.1% SDS
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and 0.33 SSC/0.1% SDS at 60° C and exposed to
X-ray film (Fuji Photo Film, Düsseldorf, Germany).

Restriction Enzyme Digestion and Southern Blot Analysis

Genomic DNA of xenografts or clinical samples was
digested first with EcoRV and BamHI as described
(Verkaik et al, 1999), followed by a digestion with an
excess of the methylation-sensitive restriction enzyme
CfoI (recognition sequence GCGC). The 531-bp
EcoRV/BamHI fragment contains one CfoI restriction
site, resulting in a 166-bp and a 365-bp fragment if the
internal CpG of CfoI is unmethylated (Fig. 1A). Subse-
quent agarose gel electrophoreses and Southern blot
hybridization with a CD44 promoter fragment was
performed as described (Verkaik et al, 1999) .

Immunohistochemistry

Formalin-fixed and paraffin-embedded slides of the
xenograft models were stained with a monoclonal
antibody recognizing both the standard form and all
possible splice variants of CD44 as described (Verkaik
et al, 1999). Immunohistochemistry was performed on
the same tumor tissue specimens as were used for
DNA and RNA isolations.

Bisulphite Modification of Genomic DNA PRIVATE

Genomic DNA was isolated from xenograft tissue
(Sambrook et al, 1989) and predigested with EcoRI.
DNA (1 mg) in a total volume of 50 ml was denaturated
by adding NaOH to a final concentration of 0.3 M and
incubating for 15 minutes at 37° C. Thirty microliters of
10 mM hydroquinone (Sigma, St. Louis, Missouri) and
520 ml of 4 M sodium bisulphite (Sigma) at pH 5.0,
both freshly prepared, were added and samples were
incubated overnight at 55° C. Modified DNA was pu-
rified using GeneClean according to the manufacturer
(Bio 101, La Jolla, California) and eluated in 50 ml of
water. Modification was completed by NaOH treat-
ment (final concentration, 0.3 M) for 15 minutes. at
37° C. The solution was neutralized by addition of
NH4OAc, pH 7, to 3 M and the DNA was ethanol
precipitated, dried, resuspended in water, and stored
at 220° C.

Genomic Sequencing

Bisulphite-modified DNA (100 ng) was amplified in a
nested PCR analysis with the human CD44 promoter
specific nested primer set 1 or 2 (Table 2). All primers
recognised methylated and unmethylated DNA
equally well. PCR conditions were as follows: 94° C for
5 minutes, followed by 35 cycles of 94° C, 1 minute;
50° C, 1 minute; 72° C, 1 minute for amplification, and
a final extension for 10 minutes at 72° C. The PCR
mixture contained one unit SuperTaq DNA polymer-
ase (Sphaero Q, HT Biotechnology, Cambridge,
United Kingdom), 13 buffer (Sphaero Q) with 1.5 mM

MgCl2, 100 ng of each primer, and 0.2 mM dNTPs in a
final volume of 50 ml. To obtain products for sequenc-
ing, a second round of PCR was performed using
nested primers. PCR was performed as above. Clon-
ing of PCR fragments was performed with the
pGEM-T Cloning kit (Promega, Madison, Wisconsin)
by a shotgun procedure according to the manufactur-
er’s protocol. Sequence analysis of eight clones per
sample was performed by dideoxy-nucleotide chain
termination using a T7 sequence kit (Pharmacia, Upp-
sala, Sweden).
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