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Abstract

AIM: Aberrant DNA methylation of CpG site is among the
earliest and most frequent alterations in cancer. Several
studies suggest that aberrant methylation of the CpG sites
of the tumor suppressor gene is closely associated with
carcinogenesis. However, large-scale analysis of candidate
genes has so far been hampered by the lack of high-
throughput approach for analyzing DNA methylation. The
aim of this study was to describe a microarray-based method
for detecting changes of DNA methylation in cancer.

METHODS: This method used bisulfite-modified DNA as a
template for PCR amplification, resulting in conversion of
unmethylated cytosine, but not methylated cytosine, into
thymine within CpG islands of interest. Therefore, the amplified
product might contain a pool of DNA fragments with altered
nucleotide sequences due to differential methylation status.
Nine sets of oligonucleotide probes were designed to
fabricate a DNA microarray to detect the methylation changes
of p16 gene CpG islands in gastric carcinomas. The results
were further validated by methylation-specific PCR (MSP).

RESULTS: The experimental results showed that the
microarray assay could successfully detect methylation
changes of p16 gene in 18 gastric tumor samples. Moreover,
it could also potentially increase the frequency of detecting
p16 methylation from tumor samples than MSP.

CONCLUSION: Microarray assay could be applied as a useful
tool for mapping methylation changes in multiple CpG loci
and for generating epigenetic profiles in cancer.
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INTRODUCTION

The epigenetic event has been observed in GC-rich regions,
called CpG idands, frequently located in the promoter and the

first exon regions of genes. CpG island hypermethylation is
closely associated with transcriptional inactivation of tumor
suppressor genes, which is a common feature in human
carcinomas!. Hypermethylated CpG islands therefore play a
causal role in promoting tumor development and are useful
molecular markersfor cancer diagnosis and prognosis. p16, an
inhibitor of the cyclin D-dependent protein kinases, isaclassic
tumor suppressor gene, and itsinactivation is closely associated
with carcinogenesis. Hypermethylation of the CpG islands of
the p16 gene has been proposed as an aternative mechanism
for theloss of p16 expression. p16 hypermethylation could be
detected in each stage, which is consistent with the finding
that aberrant methylation of pl6 is a very early event in
carcinogenesis?. Detection of promoter hypermethylation of
cancer-related genes may be useful for cancer diagnosis or the
detection of recurrence!®4.

At present, several molecular biology methods areroutinely
used to determine the methylation status of a CpG island, such
as Southern blot™®, bisulfite genomic DNA sequencing!®,
restriction enzyme-PCR!™, methylation-specific PCR (MSP)#,
methylation-sensitive single nucleotide primer extension (MS-
SNUPE)™, electrochemistry™™®, etc. Among these, bisulfite
nucleotide sequencing is a standard technique for detailed
mapping of methylated cytosine res dueswithin agene promoter.
This meticul ous method, devel oped by Frommer et al [, relies
on theability of sodium bisulfite to deaminate cytosine residues
into uracil in genomic DNA, whereas the methylated cytosine
residues are resistant to this modification. The target DNA is
then amplified by PCR with specific primersto yield fragments
inwhich all uracil residues are converted to thymine, whereas
methylated cytosine residues are amplified as cytosine. The
PCR products are sequenced and the methylation status of
individual CpG sitesisthen analyzed by comparing it with the
unmodified sequences of agiven promoter. Using thisconventiona
method, many investigators have addressed the importance of
promoter CpG hypermethylation in the regulation of specific
gene transcription in cancer*4, The method, which requires
cloning and sequencing of individua inserts, can belabor intensive
and isregtricted to the eval uation of DNA methylation on agene-
by-gene basis. Such an approach has given researchers alimited
picture of complex epigenetic dterationsin cancer. Clearly, it isof
great importance to establish novd, reliable and high-throughput
methods for the methylation detection of earlier cancer diagnosis.

For this purpose, considerable advances have been made
in hybridization-based microarray technology for genome-
wide analysis of gene mutations and single nucleotide
polymorphismg***7. In this new approach, oligonucleotides
are arrayed on solid supports known as probes, and the labeled
complex DNA mixturesto beinterrogated areknown astargets ™.
Recently, we devel oped an oligonucleotide microarray to andyze
methylation patterns of several adjacent CpG sites™. The DNA
microarray can successfully map the methylation pattern of
pl6'"™a gene. However, it can not be used to quantify the
methylation level of promoter region of gene. Gitan et al .1
have developed a methylation specific oligonucleotide (M SO)
microarray to analyze methylation of human estrogen receptor
(ER) a gene. The targets were derived from PCR products of
bisulfite-modified DNA, whereas the probes used a series of
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arrayed oligonucleotidesthat can discriminate between converted
and unconverted nucleotides, that is, unmethylated and methylated
cytosines, at CpG sites. The MSO microarray is a novel and
powerful tool for determining the methylation level in multiple
CpG idandloci and for generating epigenetic profilesin cancer.

Theam of thisstudy wasto use oligonucleotides microarray
method to analyze methylation changes of p16 gene CpGidands
in gastric carcinomas. A 336 bp segment was selected inthe 5’
untranglated region and the first exon of the p16 gene, as the
investigated target, which contain 32 CpG sites. Nine sets of
oligonuclectide probeswere designed to test 23 CpG siteswithin
theisland. Here, we described the oligonucl eotide microarray
procedure and its application for analyzing the methylation
changes of p16 gene CpG islands in gastric tumor and
corresponding normal tissues.

MATERIALS AND METHODS

Tissue samples

Eighteen gastric tumor and corresponding normal tissueswere
obtained from Gulou Hospital (Nanjing, China). Genomic DNA
wasisolated by standard methods using proteinase K digestion
and phenol/chloroform extraction.

Bisulfite genomic sequencing

Bisulfite processing of DNA was performed as described by
Frommer et al.'® and the modifications introduced by Clark
et al.[@, Briefly, 1 ug of genomic DNA wasdigested by EcoR |
and denatured in 0.35 mol/L NaOH at 37 °C for 20 min. Bisulfite
reaction was carried out in 3.2 mol/L sodium bisulfite and
0.5 mmoal/L hydroquinone (SigmaChemica Co., USA) a 55 C
for 16-24 h. DNA was recovered by adesalting column (DNA
Clean-Up System, Promega Inc., USA) and desul phonated in
0.2 mol/L NaOH at 37 °C for 15 min, neutralized by ammonium
acetate, acohal precipitated, dried and then dissolved in 30 pL of
deionized water. After bisulfite processing, all unmethylated
cytosine residues converted to uracil, whereas the methylated
ones remained unchanged. For bisulfite genomic sequencing
the sense strand of a 336 bp fragment of the p16 gene 5'-CpG
island corresponding to nucleotides -128 to +208 relatively to
the transcription start site?? was amplified with primerswhich
did not contain cytosine in a CpG context and consequently
anneal ed to the methylated status of the island. The sequence
of forward primer is5'-AAA GAGGAG GGG TTGGTT GGT
TAT TA-3' and that of backward primer is5'-TAC CTA ATT
CCA ATT CCCCTA CAA ACT-3'. (Forward primer position
5-30 and reverse primer position 310-336 in GenBank accession
number U12818). PCR-reaction was performed in a buffer
containing 10 mmol/L Tris-HCI (pH 9.0), 50 mmol/L KCl, 1 g/L
Triton X-100, 50 ¢/L DM SO, 1.75 mmol/L MgCl,, 0.2 mmol/L of
each dNTP and 1 pL bisulphite treated DNA. Amplification
conditions were asfollows: at 95 C for 5 min; followed by 35
cycles, eachat 95 C for L min, a 62 °C for 1 min, and extension
at 72 °C for 30 s, and ended with an extension a 72 °C for 7 min
and quickly chilled to 4 ‘C on a PTC-225 thermocycler (MJ
Research). PCR products were gel purified and cloned into the
pMD18-T vector according to the manufacturer’ sinstructions
(TAKARA). Part of the same PCR products was fluorescently
labeled later for MSO microarray analysis. Plasmid DNA from
30 positive recombinant clones wasisolated, and inserts were
seguenced on an automated sequence analyzer (ABI377A,
Applied Biosystem Inc., USA).

Oligonucleotide microarray

Nine sets of paired oligonucleotides used in this study were
designed to include two or three CpG sites of the p16 CpG idand
to beinterrogated (Table 1). These oligonucleotides were specific
to the bisulfite-modified sequence of portion of thepl6 CpGidand.

Each was synthesized with amino-linked C6 [NH, (CH,)q] linker
attached to its 5’ end. These oligonucleotides were suspended
in sodium carbonate buffer (0.1 mol/L, pH 9.0) to afinal
concentration of 80 umol/L. Approximately, 1 nL (0.05-0.1 pmole)
of each oligonucleotide was printed on the aldehyde-coated
glassdides(DAKO) using aPixSyss500 microarrayer (Cartesian
Technology Inc). After printed, the glass slides were incubated
in ahumid chamber at room temperature overnight, and then at
37 °C for 2h. Thedideswerewashed thoroughly in 1 g/L SDSto
remove unbound oligonuclectides. After further treatment with
a NaBH, solution for 15 min, the slides were ready for
hybridization. For target labeling, PCR products of bisulfite-
treated DNA werelabeledwith Cy3-dCTP (Amersham Pharmacia)
by terminal transferase (TAKARA). The unincorporated dCTP
was removed by passing the labeled target through a micro-
Biospin column (Bio-Rad). Thelabd ed productswereresuspended
in hybridization solution (1:3 dilution v/v). Then the mixturewas
denatured at 95 ‘C for 5 min, cooled to room temperature, and
applied to the DNA microarray dides. Microarray hybridization
was conducted in amoist hybridization chamber under a cover
dipat 42 °C for 2 h. After hybridization, the didewasrinsed and
washed at roomtemperaturewith 2xSSC-1 g/l SDSand 0.1xSSC-
1 g/L SDSfor atota of 15 min, respectively, and then dried by
centrifugation at 600 rm for 5 min.

Table 1 Nucleotide sequences of methylated and unmethylated
probes analyzed in oligonucleotide microarray

pl6 CpG Oligonucleotide sequences Tm
sites @9)]
#4-6 M: 5-NH-(T)1,,-CAACCGCCGAACGCAC-3 56
U: 5-NH,-(T),,-CAACCACCAAACACAC-3’ 50
#8-10 M: 5’-NH,-(T),-CAACCGCCGAACGCAC-3’ 61
U: 5-NH,-(T);,,-CCACCACCCACTACCTA-3’ 53
#11-13  M: 5-NHy-(T),-CCGCCGCCGACTCCAT-3’ 61
U: 5’-NH,-(T),,-CCACCACCAACTCCAT-3’ 53
#15-17  M: 5-NH,-(T),-AACCGCGACCGTAACCAA-3" 58
U: 5-NH,-(T):0rAACCACAACCATAACCAA-3* 50
#18,19 M: 5-NH,-(T),,-TCTACCCGACCCCGAACC-3 60
U: 5’-NH,-(T);,,-TCTACCCAACCCCAAACC-3" 55
#20,21  M: 5-NH,-(T);0-AACAACGCCCGCACCTC-3’ 57
U: 5’-NH,-(T);,,-AACAACACCCACACCTC-3’ 50
#22,23  M: 5-NH-(T)1,-ACAACGCCCCCGCCTC-3’ 59
U: 5’-NH,-(T)1,-ACAACACCCCCACCTC-3’ 52
#24,25 M: 5'-NH,(T);,,-AACTATTCGATACGTTAAAC-3’ 48
U: 5-NH.-(T);,;-AACTATTCAATACATTAAAC-3’ 39
#26-28 M: 5-NH,-(T);,;-ATCGACCTCCGACCGTAAC-3' 55
U: 5-NH,(T),,-ATCAACCTCCAACCATAAC-3" 49

Image scanning and data processing

DNA microarray didewasscanned with ScanArray Litemicroarray
analysis systems (A Packard BioScience Company, USA) after
the above treatment. Images acquired by the scanner were
analyzed with software Genepix Pro 3.0. Each spot was defined by
the pogitioning of agrid of circles over the array image. For each
fluorescent image, the average pixel intensity within each circle
was determined and aloca background using mean pixe intensity
was computed for each spot. The net signal was determined by
subtraction of this local background from the mean average
intensity for each spot. The data generated by the software were
exported in a spreadsheet format and processed using Microsoft
Excd. Statidtica andyseswere conducted using Origin 5.0 software.

Methylation-specific PCR (MSP)

The5'-CpG idand regions of the p16 gene were amplified with
primers for methylated and unmethylated DNA, respectively.
Primer pairsdescribed in Table 218 were synthesized and purified
by Shengyou Inc (Shanghai, China). PCR amplification was
performed in abuffer containing 10 mmol/L Tris-HCI (pH 9.0),
50mmol/L KCl, 1g/L Triton X-100, 50¢g/L DM SO, 1.75 mmol/L
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MgCl,, 0.2 mmol/L of each dNTP and 1 pL bisulfite treated
DNA inafina volumeof 30pL. Theamplificationwascarried out
for 35 cycles (30 sat 95 C, 30 s at the annealing temperature
listed in Table 2, and 30 sat 72 °C), followed by afina 4-min
extension at 72 ‘C and quickly chilled to 4 C on a PTC-225
thermocycler (MJ Research). Products amplified with both
types of primerswere examined on 10 g/L agarose gel.

Table 2 MSP primers used for amplification of p16 gene CpG
island. MS and US represent methylated and unmethylated sense
primers, respectively. MA1 and MA2, UA1 and UA2 represent
methylated and unmethylated antisense primers, respectively

Primer sets Sequences (5’ —3’) Size bp Annealing
temp (C)

MS TTATTAGAGGGTGGGGCGGATCGC 234 65

MA1 CCACCTAAATCGACCTCCGACCG

us TTATTAGAGGGTGGGGTGGATTGT 234 60

UA1 CCACCTAAATCAACCTCCAACCA

MS TTATTAGAGGGTGGGGCGGATCGC 150 65

MA2 GACCCCGAACCGCGACCGTAA

us TTATTAGAGGGTGGGGTGGATTGT 151 60

UA2 CAACCCCAAACCACAACCATAA

RESULTS

Figure 1 outlines the MSO strategy for DNA methylation
andysds. Test DNA sampleswerebiaulfite-modified, PCR amplified
products contained pools of DNA fragments with altered
nucleotide sequences dueto their differential methylation status.
As shown, the unmethylated alele of a given DNA sequence
was expected to have the unmethylated cytosine of the tested
CpG sites converted to thymine, whereas these CpG segquences
remained unchanged in the methylated allele. Target DNA was
then hybridized to arrayed oligonucl eotides probes specifically
designed to discriminate between converted and unconverted
nucleotides at these CpG sites.

A 336 bp segment was selected inthe 5’ untrandated region
and thefirgt exon of the p16 gene, astheinvestigated target, which
contains 32 CpG sites (Figure 2). Nine sets of oligonucleotide
probes were designed to test 23 CpG sites within the island,
each set contained a pair of methylated and unmethylated
oligonucleotides for interrogating 2 or 3 CpG sitesin close
proximity (Table 1). First, control DNA targetswere used to test
theaccuracy and reproducibility of probes designed for microarray
hybridization. We selected fully methylated and unmethylated
ones as positive and negative controls from 36 positive
recombinant clones. The positive control generated in thisway
remained 100% cytosine in the tested CpG sites, whereas the
negative control had all cytosine residues converted into
thymine in the tested CpG sites. Next, a series of microarray
hybridization were performed with mixtures of Cy3 labeled
positive and negative DNA targets at different proportions
representing 0%, 25%, 50%, 75%, and 100% of DNA methylation

Unmethylated allele Methylated allele

5 G CG 5 "CG__"CG
Bisulfite treatment
UG—UG "CG_TCG
+ PCR +
TG TG GG

Fluorescence labeling
and oligonucleotides
hybridization

e J
C6 amino-linker—w .J
Cy3 Cy3
probe

Figure 1 Schematic outline for analysis of DNA methylation
based on oligonucleotide microarray®. Genomic DNA was
bisulfite treated and amplified by PCR for a specific CpG island
region of interest. The amplified product was labeled with Cy3
fluorescence dye and hybridized to oligonucleotide probes at-
tached to a glass surface. At left an oligonucleotide probe was
designed to form a perfect match with a target DNA containing
the unmethylated allele. At right a probe was designed to form
a perfect match with the methylated DNA target.

O O=0 O=—
Q
®
@
A
>—0 >—

totest thelinearity of the protocol. An example of themicroarray
analysis for CpG#26-28 is shown in Figure 3A. The average
intensity of hybridization signals from the four replicate spots
for the methylated (M) and unmethylated (U) alleles wasthen
derived and used to calculate the intensity ratio of M/(M+U).
Inthiscase, alinear relationship (R, = 0.9882) was established,
showing that theincreasein DNA methylation was proportional
to the increase in intensity ratios in the control samples. The
result suggested that this set of oligonucleotide probes was
optimal for the detection of methylation changes at CpG#26-28.
This approach was used to test other oligonucleotide probes
and to generate a set of standards for the calibration of DNA
methylation changesin thetest samples (Figure 3B). We noticed
that the regression line for CpG#24, 25 was much higher onthe
Y-axis than the rest of the CpG sites. Moreover, its slope was
much lower than the others. This higher nonspecific hybridization
waslikdly dueto thelower melting temperature of the unmethylated
probe. An oligonucleotide sequence such as this would result
in the compression of the usable scale and make the assessment
of methylation status alittle more challenging.

Microarray assay was used to analyze the methylation status
of 18 gastric tumor and corresponding normal tissues. Figure 4

GGCTGGCTGGTCACCAGAGGGTGGGGCGGACCGCGTGICGCTICGGICG
GCTGCGGAGAGGGGGAGAGCAGGCAGICGGG'CGGICGGGGAGCAGCA
TGGAGCICGGRCGGHCGEGEGAGCAGCATGGAGCCTTCGGCTGACTGGC
TGGCCABCGGCUCGIICGGCCBCGGGGTYCGGGTAGAGGAGGTGOCGG
G CGCTGCTGGAGGRCGGGGGHCGCTGCCCAANCGCACSCGAATAGTT
ABCGGTYCGGAGGCHCGATCCAGGTGGGTAGAGGGTCTGCAGCGGGAG
CAGGGGATGGCGGGCGACTCTGGAGGACGAAGTTTGCAGGGGAATTGG

AATCAGGTAGCGC

Figure 2 Nucleotide sequences of the 5’ untranslated region and the first exon of the p16 gene (Genbank accession no.U12818.1
Gl: 533724). The 23 CpG sites tested by oligonucleotide microarray are underlined and shown in bold.
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Figure 3 Standardization curve for microarray assays. A: Mixtures of fully methylated and unmethylated control DNA (from 36
positive recombinant clones) prepared and amplified by PCR using bisulfite primers for the p16 gene CpG island. B: A calibra-
tion curve for measuring methylation changes at the p16 gene CpG sites.

shows the representative examples of microarray results. By use
of thestandard curves derived from the aforementioned calibration
controls, no methylation was detected in the normal tissues.
Extensive methylation of thepl6 CpG idand was observedin 7 of
18 gastric tumor tissues (T1, T2, T3, T8, T9, T11, and T18), a
modest degree of methylation wasfoundin T10 and T15, whereas
little or no methylation was seenin others (Figure 5).

Tofurther vaidate the microarray findingsin gastric tumors,
methylaton-specific PCR (M SP) was conducted in 18 tumor
and corresponding normal tissues. The primersMA1 and MA2
for M SPincluded CpG#16-19 and CpG#26-28 Sites, respectively.
Therefore, CpG#15-17 and CpG#26-28 siteswere used for this
conformation. A representation of the MSP analysisis shown
in Figure 6. By use of this approach, two normal tissues were
completely unmethylated (N4 and N8). M SP results of the 18
gastric tumor tissues completely matched with microarray results.
Interestingly, the M SP results indicated that the methylation

was not detected in T1 when the amplification was performed
with primers MS and MA2, whereas the methylation could be
found in T1 when the amplification was performed with primers
MSand MA1 (Figure 6). A most possible reason wasthat some
CpG sites were not methylated in the region of primer MA2.
Figure 5 indicates that CpG#15-17 sites had no methylation in
T1, whereas CpG#26-28 siteshad 47% methylationin T1, which
were consistent with the MSP results.

The above results indicated that microarray assay could
potentially increase the frequency of detecting p16 methylation
from tumor samples than MSP. MSP was a simple, sensitive,
and specific method for determining the methylation status of
virtualy any CpG-rich region. However, methylation could not be
detected when some CpG sites were not methylated in region of
MSP primers. Theissue could beeasly overcomeusing microarray
assay. Furthermore, microarray assay could estimate which CpG
stes(or CpG-richregion) wereeadly methylated in certaintumors.
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M: Methylated allele
U: Methylated allele
M UMUMUMUM UM UM UM UM U

#4-6  #8-10 #11-13 #15-17 #18,19 #20,21 #22,23 #24,25 #26-28
p16 CpG sites

Figure 4 Methylation analysis of 23 CpG sites in p16 gene
CpG island using oligonucleotide microarray.

CpG sites

#4-6
#8-10

#11-13
#15-17
#18,19
#20,21
#22,23
#24,25
#26-28

N1 : 0

N2 1-25
N3 26-50
N4 51-75
N5 76-100
N6 i Methylation

N7 level (%)

N10
Ni1
N12
NI3
N14
N15
N16
N17
N18

Fdd A

T5
T6

T8

T9
T10
Ti1
T12
T13
T14
T15
T16
T17
Ti8

Figure 5 Methylation analysis of p16 gene CpG islands by
oligonucleotide microarray. Summaries of the microarray
results are shown for 18 gastric tumors and corresponding
normal tissues. Gray scale shown at right represents the me-
thylation levels in percentage determined from the calibra-
tion curve for the test CpG sites.

N4 N8 T1 T8 T9 Pos Neg
UMUMUMUMUMUM

 ERCEEEEET -
F O
<—100 bp

Figure 6 MSP analysis of the p16 gene CpG island in gastric
tumor (T) and corresponding normal (N) tissues. M and U
indicate amplification using methylated and unmethylated
sequence-specific primers, respectively. DNA extracted from
tumor and the corresponding normal tissues were amplified
with primers MS and MA1 (A) and MS and MA2 (B),
respectively. (Pos) Positive control; (Neg) negative control;
(Mr.) DNA marker.

re

DISCUSSION

In this study, we have applied a microarray method to a
comprehensive analysis of DNA methylation. The results
indicated that the microarray was successfully used to map
methylated CpG siteswithin the pl6 gene CpGidandsinclinical
samples. The derived methylation information for gastric tumor
and corresponding normal tissues was assessed quantitatively
and independently validated by methylation-specific PCR.

This microarray-based analysis of DNA methylation is
expected to provide new toolsfor researchin thisfield. At present,
most methylation assays have been limited to analyzing CpG
islands of afew known genes and are restricted in throughput
for agenome-wide analysis. Until recently, Gitan et al.'*» have
developed anovd technique called M SO microarray that combines
bisulfite DNA assay and oligonucleotides microarray for
analysisof DNA methylation. The M SO microarray potentially
allows rapid screening of multiple CpG sites in many gene
promoters. CpG idland hypermethylation has been reported to
belinked to the silencing of morethan 100 cancer-related genes.
A DNA microarray can be generated to contain hundreds of
oligonucleotides designed to discriminate between methylated
and unmethylated sequencesin these gene promoters. Bisulfite-
treated genomic DNA from each of theseloci can be amplified
frominvestigated samplesin a96-well format to generatemultiple
targets for oligonucleotides hybridization.

As with other oligonucleotide microarrays, cross-
hybridization betweenimperfect-match probes and targets could
be observed. In addition, some probes might inherently diminish
hybridization signals, probably dueto decreased duplex stability
of targets and probes®®. Through careful data analysis, Gitan
and his colleagues considered that cross-reactivity might aso
increase when oligonucleotide probes were designed to query
methylation differences in one single CpG site. Theissueis
easily overcome by designing probes to include two or more
CpG sites. Thisdesign consideration may limit the MSO assay’s
ability to detect methylation changesin single CpG sites. Adorjan
et al.'?! have developed a microarray-based assay that can
analyze methylation changes of single CpG sites. Several
hundred CpG sites were screened in 76 samples from four
different human tumor types and corresponding healthy
controls. The results demonstrated that the microarray could
be applied as a powerful tool to the assessment of selected CpG
dinucleotides and quantification of methylation at each site. As
shown in this study, the use of a simple control system could
test the accuracy and reproducibility of the probes designed for
microarray hybridization. This control system can also be used
to calibrate the levels of methylation changes detected in the
investigated samples by microarray assay.

In summary, microarray assay can be readily used to high-
throughput analysis of DNA methylation. It will contribute
significant information to our understanding of CpG island
methylation in cancer.
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