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Abstract

Introduction
The incidence of EAC4 has increased significantly in the Western
world over the last three decades (1). EAC is thought to evolve from
a multistep process whereby the normal esophageal squamous epithelium is replaced by specialized columnar epithelium in Barrett’s
esophagus (IM), followed by progression through LGD and HGD
stages to invasive cancer (2). This complex sequence of events provides an excellent system to study the molecular events associated
with defined histological change (3). Several reports have described
genetic alterations in this system, including aneuploidy and LOH,
mutation or homozygous deletion of the tumor-suppressor genes APC,
CDKN2A (p16), TP53, and RB1 (3–10). However, genetic alterations
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Esophageal adenocarcinoma (EAC) is thought to develop through a
multistage process in which Barrett’s metaplasia progresses through lowand high-grade dysplasia to invasive cancer. Transcriptional silencing of
tumor suppressor genes by promoter CpG island hypermethylation has
been observed in many types of human cancer. Analysis of CpG island
hypermethylation in EAC has thus far been limited to the CDKN2A (p16)
gene. In this study, we extend the methylation analysis of EAC to include
three other genes, APC, CDH1 (E-cadherin), and ESR1 (ER, estrogen
receptor ␣), in addition to CDKN2A. Molecular analysis can provide
insight into the complex relationships between tissues with different histologies in Barrett’s esophagus and associated adenocarcinoma. Therefore, we have mapped the spatial distribution of methylation patterns in
six esophagectomy cases in detail. Hypermethylation of the four CpG
islands was analyzed by the MethyLight technique in 107 biopsies derived
from these six patients for a total of 428 methylation analyses. Our results
show that normal esophageal squamous epithelium is unmethylated at all
four CpG islands. CDH1 is unmethylated in most other tissue types as
well. Hypermethylation of ESR1 is seen at high frequency in inflammatory
reflux esophagitis and at all subsequent stages, whereas APC and
CDKN2A hypermethylation is found in Barrett’s metaplasia, dysplasia,
and EAC. When it occurs, hypermethylation of APC, CDKN2A, and ESR1
is usually found in a large contiguous field, suggesting either a concerted
methylation change associated with metaplasia or a clonal expansion of
cells with abnormal hypermethylation.

could not always fully account for the inactivation of both alleles of
these tumor suppressor genes. For instance, LOH at the APC locus has
been observed in 85% of informative EAC, but mutations in the
remaining allele were detected infrequently (3, 4, 6, 8, 10, 11).
Reduced levels of CDH1 (E-cadherin) protein expression have been
observed in dysplastic Barrett’s and EAC relative to normal esophageal epithelium (12–14). LOH of the CDH1 locus was found in 65%
of EAC cases, but mutations were rare (15). This suggests that other,
nongenetic events could contribute to gene inactivation in esophageal
adenocarcinoma. It is known that abnormal hypermethylation of CpG
islands associated with tumor suppressor genes can lead to transcriptional silencing, providing an alternative mechanism for gene inactivation in cancer cells (16, 17). Evidence for this mechanism of gene
inactivation in esophageal adenocarcinoma was provided by the documentation of promoter CpG island hypermethylation of the CDKN2A
gene in tumors with CDKN2A LOH but lacking mutations in the
remaining allele (18, 19). The low frequency of mutations accompanying LOH at the APC and CDH1 loci may indicate that the contribution by DNA hypermethylation is more widespread in Barrett’sassociated esophageal adenocarcinoma. Therefore, we have extended
the analysis of DNA hypermethylation in Barrett’s-associated adenocarcinoma to include 5⬘ CpG islands associated with the APC, CDH1,
and ESR1 genes, in addition to CDKN2A. These CpG islands are
known to become hypermethylated in adenocarcinomas of other parts
of the gastrointestinal tract (20 –23) and are good candidates to study
DNA methylation changes in esophageal adenocarcinoma.
We have used the analysis of hypermethylation of these four CpG
islands to address two separate issues: (a) in a limited number of
patients, we have determined which DNA methylation changes are
associated with specific histologies; (b) in each patient, we have
extensively characterized how these methylation changes are distributed throughout each type of tissue. Such a study of the heterogeneity
of methylation patterns within histologies, preserving the precise
topological context of the tissue samples relative to each other, has not
been reported previously and should add to our understanding of the
molecular evolution of Barrett’s-associated esophageal adenocarcinoma. To achieve this detailed analysis of methylation abnormalities,
we collected between 7 and 27 biopsies from the esophagus and
stomach of six esophagectomy cases, using a 1-cm grid to preserve
their topological context, for a total of 107 biopsies. We determined
the methylation status of the four CpG islands in each of these
samples by MethyLight (23, 24). We report for the first time the
hypermethylation of APC and ESR1 in EAC and confirm the hypermethylation of CDKN2A in this system. Our results indicate that in
patients with dysplasia and/or EAC, abnormal hypermethylation occurs both in the dysplastic and malignant tissues, as well as in earlier
stage tissues, such as Barrett’s metaplasia. Aberrant methylation is
very rarely seen in the normal squamous epithelium of the esophagus.

DNA METHYLATION MAPPING IN BARRETT’S ESOPHAGUS

The hypermethylation patterns are present throughout Barrett’s esophagus and EAC tissue as a contiguous field, suggesting either a concerted alteration of DNA methylation patterns associated with metaplasia or a clonal expansion of cells with abnormal hypermethylation
of CpG islands.
Materials and Methods

Sample Collection. Multiple tissue samples from six patients [three males
and three females; median age, 69 years (range, 47– 80)] who underwent
esophagectomy for adenocarcinoma (n ⫽ 4) or for Barrett’s esophagus with
HGD (n ⫽ 2, patients 16 and 18) were collected fresh and immediately frozen
in liquid nitrogen. The esophagectomy specimen was photographed and traced
out on a 1-cm grid, marking the sites of biopsy to preserve the topographic
relationships between biopsies. Biopsies from areas of visible Barrett’s esophagus or cancer and from adjacent and nonadjacent areas of macroscopically
normal esophageal and gastric mucosa were taken using a sterile 6-mm skin
biopsy punch (Miltex, Tuttlingen, Germany). The samples were taken at 1-cm
(patients 16 and 17) or 2-cm (patients 18 and 19) intervals from abnormal and
adjacent normal areas or at 1-cm intervals from both adjacent and separate
areas (patients 50 and 51). Part of the specimen was fixed in formalin and Results
paraffin for histopathological examination by a single pathologist (K. W.).
We selected CpG islands located in the 5⬘ regions of the APC,
Frozen section examination of the study tissue was performed if the diagnosis
was uncertain. The specimens were classified according to the highest grade CDH1, CDKN2A, and ESR1 genes to examine the methylation pathistopathological lesion present. The diagnosis of cardiac mucosa required the terns in the progression of EAC. A quantitative, fluorescence-based
presence of a columnar mucosa with glands containing mucous cells but no (TaqMan) bisulfite-PCR method called MethyLight was used (23,
parietal or chief cells. All areas of cardiac mucosa showed inflammation 24). Briefly, methylation-specific oligos were designed to amplify
(“carditis”), as is usual (25). The diagnosis of reflux esophagitis was made if completely methylated molecules. The reaction for each specific gene
intraepithelial eosinophils, papillary elongation, and basal hyperplasia were all (APC, CDH1, CDKN2A, or ESR1) was run in parallel with a reference
present within squamous epithelium.
reaction (␤-actin, ACTB) to correct for input DNA for each sample.
The site of origin of the cancers was classified as esophageal if the epicenter
The
ratio between the gene of interest and the reference gene is
of the tumor was above the anatomical gastroesophageal junction, with the
indicative
of the relative prevalence of fully methylated molecules in
junction defined as the proximal margin of the gastric rugal folds. Patient 51
a
given
sample.
The efficiencies of our methylation reactions are
was classified as having a junctional (syn. cardia) cancer because the epicenter
was situated at the gastroesophageal junction. TNM stages and grades of controlled for in each analysis by including unmethylated control
differentiation for the cancer patients were: stage 1, moderately well differen- DNA and fully methylated control DNA (Fig. 1, A and B). As shown
tiated (patient 19); stage 2B, poorly differentiated (patient 50); stage 4A (celiac for the unmethylated control, only the reference gene (ACTB) amplinode metastasis), moderately well differentiated (patient 51); and stage 4A, fies, whereas all reactions showed amplification in the fully methylpoorly differentiated (patient 17). Approval for this study was obtained from ated control DNA, as expected. This discrimination allows us to detect
the Institutional Review Board of the University of Southern California Keck fully methylated molecules in heterogeneous samples such as normal
School of Medicine.
and tumor esophageal tissue (Fig. 1, C and D). Fig. 1C demonstrates
Nucleic Acid Isolation. Genomic DNA was isolated by the standard
that
for a representative normal esophageal mucosa tissue, the refermethod of proteinase K digestion and phenol-chloroform extraction (26).
ence
reaction (ACTB) amplifies, whereas APC, CDH1, CDKN2A, and
Sodium Bisulfite Conversion. Sodium bisulfite conversion of genomic
DNA was performed as described previously (27). The beads were incubated ESR1 specific oligos do not, indicating a lack of methylation at these
CpG islands in this normal sample. In the matched EAC sample,
for 14 h at 50°C to ensure complete conversion.
Methylation Analysis. After sodium bisulfite conversion, genomic DNA however, APC and ESR1 amplify along with ACTB, whereas
was analyzed by the MethyLight technique (23, 24). Three oligos were used in CDKN2A and CDH1 are negative, indicating APC- and ESR1-specific
every reaction: two locus-specific PCR primers flanking an oligonucleotide hypermethylation (Fig. 1D).
probe with a 5⬘ fluorescent reporter dye (6FAM) and a 3⬘ quencher dye
The methylation results of APC, CDH1, CDKN2A, and ESR1
(TAMRA; Ref. 28). The PCR amplification was performed as described obtained from the four most extensive mappings of the six esophagepreviously (23, 24). Two sets of primers and probes, designed specifically for
ctomy patients (cases 16, 17, 50, and 51) are depicted in Fig. 2. The
bisulfite-converted DNA, were used: a methylated set for the gene of interest
results for the other two mappings (cases 18 and 19) are summarized
[APC, CDH1, CDKN2A (p16), or ESR1], each spanning from 7 to 10 CpG
dinucleotides, and a reference set, ␤-actin (ACTB), to normalize for input in Table 1. Each case contains a unique combination and topography
DNA. Specificity of the reactions for methylated DNA were confirmed sepa- of various tissue types. All four genes are unmethylated in almost all
rately using human sperm DNA (unmethylated) and SssI (New England normal esophageal mucosa samples (Fig. 2 and Table 1). CDH1 is
Biolabs) treated sperm DNA (methylated). The reference primers and the rarely methylated in any tissue. It is most commonly methylated in
probe were designed in a region of the ACTB gene that lacks any CpG normal stomach (24%; Table 1), which is consistent with a previous
dinucleotides to allow for equal amplification, regardless of methylation levels. report of occasional CDH1 methylation in gastric mucosa (22). APC
Parallel TaqMan PCR reactions were performed with primers specific for the and ESR1 are methylated in the majority of Barrett’s metaplastic and
bisulfite-converted methylated sequence for a particular locus and with the dysplastic samples and/or adenocarcinoma samples (Fig. 2). APC
ACTB reference primers. The ratio between the values obtained in these two
hypermethylation is present throughout the Barrett’s IM (cases 16 and
TaqMan analyses was used as a measure for the degree of methylation at that
17), whereas ESR1 hypermethylation is found ubiquitously in adenolocus. The percentage of fully methylated molecules at a specific locus was
calculated by dividing the GENE:ACTB ratio of a sample by the GENE:ACTB carcinoma tissue (cases 17, 50, and 51). APC is also frequently
ratio of SssI-treated sperm DNA and multiplying by 100. Samples containing methylated (76%) in the normal stomach in every patient (Table 1).
ⱖ4% fully methylated molecules were designated as methylated, whereas APC and ESR1 methylation changes are even detected in samples of
samples containing ⬍4% were designated as unmethylated. The 4% cutoff reflux esophagitis and cardiac mucosa in case 16 (Fig. 2; Table 1).
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gave the best discrimination between normal and premalignant/malignant
tissues. The primer and probe sequences are listed below. In all cases, the first
primer listed is the forward PCR primer, the second is the TaqMan probe, and
the third is the reverse PCR primer. The GenBank accession number and
amplicon location for each reaction are indicated between parentheses; APC
(U02509, 759 – 832), GAACCAAAACGCTCCCCAT, 6FAM5⬘-CCCGTCGAAAACCCGCCGATTA-3⬘TAMRA, TTATATGTCGGTTACGTGCGTTTATAT;
CDH1 (L34545, 842–911), AATTTTAGGTTAGAGGGTTATCGCGT, 6FAM5⬘CGCCCACCCGACCTCGCAT-3⬘TAMRA, TCCCCAAAACGAAACTAACGAC; CDKN2A (NM_000077, 66 –133, there are two bases in our primers
that differ from this GenBank sequence, because a preliminary high-throughput GenBank entry was the only available sequence at the time of our primer
design), TGGAATTTTCGGTTGATTGGTT, 6FAM5⬘-ACCCGACCCCGAACCGCG-3⬘TAMRA, AACAACGTCCGCACCTCCT; ESR1 (X62462, 2784 –
2884) GGCGTTCGTTTTGGGATTG, 6FAM5⬘-CGATAAAACCGAACGACCCGACGA-3⬘TAMRA, GCCGACACGCGAACTCTAA; and ACTB (Y00474,
390 –522), TGGTGATGGAGGAGGTTTAGTAAGT, 6FAM5⬘ACCACCACCCAACACACAATAACAAACACA-3⬘TAMRA, AACCAATAAAACCTACTCCTCCCTTAA.

DNA METHYLATION MAPPING IN BARRETT’S ESOPHAGUS

CDKN2A hypermethylation is observed only in cases 16 and 17. Both
tumor samples in case 17 show CDKN2A hypermethylation. It is
detected throughout the metaplastic and dysplastic Barrett’s tissues in
case 16 and in some samples of IM, LGD, and adenocarcinoma in
case 17 (Fig. 2; Table 1).
Both APC and CDKN2A methylation are found at higher frequency
in Barrett’s tissues than in the adenocarcinoma samples (Table 1).
This could be attributable to the reversible nature of DNA methylation, as other events such as mutation take over in the tumor. Alternatively, the decreased methylation signal could reflect the deletion of
methylated alleles attributable to LOH of APC and/or CDKN2A in the
adenocarcinoma samples. Either of these scenarios would be consistent with DNA methylation acting as an early-stage inactivation mechanism that is later supplanted by irreversible genetic events (29). In
contrast, ESR1 methylation is retained in all adenocarcinoma samples.
The ESR1 gene is not a classical tumor suppressor gene and does not
commonly undergo LOH or mutational events.
Discussion
Previous studies of hypermethylation in Barrett’s esophagus and
EAC have been limited to the CDKN2A gene and have focused on the
analysis of a very small number of samples from each patient with
Barrett’s esophagus and/or esophageal adenocarcinoma. In this study,
we have used an alternative approach that not only documents the
occurrence of hypermethylation of four CpG islands (APC, CDH1,
CDKN2A, and ESR1) but also provides the topological context in
which this hypermethylation occurs in histologically defined areas of

Barrett’s-associated EAC. Because this experimental approach by
necessity involves the analysis of a large number of samples per
patient, we have restricted the number of cases to six. Although the
limited number of patients does not allow us to extrapolate on the
general occurrence of hypermethylation of these four genes in Barrett’s-associated EAC, this alternative strategy revealed interesting
trends.
Our results demonstrate two important points:
(a) Abnormal methylation patterns are not restricted to the adenocarcinoma tissue but are also found in premalignant Barrett’s tissue.
This suggests that DNA hypermethylation is an early epigenetic
alteration in the multistep progression of EAC. We have argued
previously that the features of DNA methylation are particularly well
suited for a role early in the cancer process (29). An early role for
DNA methylation in gastrointestinal tumors is further supported by
the observation that polyp formation in ApcMin/⫹ mice is dependent
upon sufficient levels of DNA methyltransferase activity early in
polyp development (30).
(b) These aberrant methylation patterns tend to occur in large
contiguous fields. This would be expected for a monoclonally expanded tissue such as an adenocarcinoma. It has been reported that the
clonal status of Barrett’s IM is related to the proximity of dysplastic
or malignant tissue (3). However, some of the nondysplastic IM
samples with widespread hypermethylation in our study do not show
evidence of dysplasia in adjacent biopsies located 1 cm away (e.g.,
both samples B1 in cases 16 and 17). Therefore, some of the concerted
hypermethylation observed in IM in our study may represent a non-
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Fig. 1. Methylation analysis of APC, CDH1, CDKN2A, and ESR1 using fluorescence-based, quantitative, real-time PCR (TaqMan). In the PCR reaction, an oligonucleotide probe
tagged with a 5⬘ fluorescent reporter and 3⬘ quencher is added in addition to the standard PCR components. As the Taq polymerase synthesizes the new strand, its 5⬘ to 3⬘ nuclease
activity cleaves the probe, separating the quencher and fluorescent reporter. The fluorescence emitted is proportional to the amount of product accumulated with each cycle. Horizontal
bold line, fluorescence level used for the threshold cycle determination in this particular example. ⌬Rn is defined as the cycle-to-cycle change in the reporter fluorescence signal
normalized to a passive reference fluorescence signal. Two sets of primers and probes, designed specifically for bisulfite-converted DNA, were used: a methylated set for the gene of
interest [APC, CDH1, CDKN2A (p16), or ESR1] and a reference set (ACTB) to control for input DNA. Specificity of the reactions for methylated DNA were confirmed separately using
sperm DNA (unmethylated; A) and SssI-treated sperm DNA (methylated; B). C and D show a representative analysis from a normal esophageal mucosa sample and a matched
esophageal adenocarcinoma sample from case 51. L9 and F9 designate the sample location in Fig. 2.

DNA METHYLATION MAPPING IN BARRETT’S ESOPHAGUS
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Fig. 2. Schematic of methylation results obtained from four esophagectomy patients. The esophagus for each case (cases 16, 17, 50, and 51) is illustrated to scale in each row, with
the distance between points on the grid being 1 cm. The different tissue types are designated as varying degrees of gray and labeled with a corresponding letter (E, normal esophageal
mucosa; S, stomach; B, Barrett’s esophagus; T, adenocarcinoma). The methylation status of APC, CDH1, CDKN2A (p16), or ESR1 is shown in each column. Each circle represents
a 6-mm punch biopsy. F, samples in which ⬎4% of the DNA molecules analyzed have full methylation of all of the CpG dinucleotides covered by the respective assay. E, those samples
in which this value was ⱖ4%. Case 16 has normal squamous epithelium (D1–3, 6), normal stomach (A1–2, 6), reflux esophagitis (C4, 5 and D4), cardiac mucosa (A5 and B2), Barrett’s
IM (A4; B1, 4, 5; and C2), Barrett’s with LGD (B6 and C3) and HGD (A3) but lacks adenocarcinoma tissue. Case 17 has normal squamous epithelium (E2; F2–5; and G1– 4), and
normal stomach (A1– 4; B2– 4; and C2, 4), Barrett’s IM (B1; D2, 4; and E3), LGD (D1 and E1, 4), and adenocarcinoma (C3 and D3). Case 50 has normal esophageal squamous
epithelium (J2–5 and L2–5) and normal stomach (A1, 7), one sample of Barrett’s IM (I2), and adenocarcinoma (D2– 6; H2–5; and I3–5). Case 51 has normal esophageal squamous
epithelium (F6; G5– 8; L6 –9; and S7–10), normal stomach (A1; E5–7; and F5, 7), and adenocarcinoma (E9 –10; and F9 –10).

monoclonal process, associated with metaplasia or ongoing repetitive
injury, rather than clonal expansion. For instance, the APC hypermethylation observed in Barrett’s tissue may be a consequence of the
metaplastic change to columnar epithelium, because it is also frequently found to be methylated in the normal columnar epithelium of
the stomach, whereas the hypermethylation observed in the esopha-

gitis samples could indicate changes associated with chronic refluxinduced damage to the squamous mucosa. Such nonclonal changes
might create a field of abnormal hypermethylation that predisposes
the tissue to further progression. On the other hand, it is also possible
that the contiguous methylation patterns observed in the Barrett’s
tissue represent a clonal expansion of a hypermethylated cell. Many
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Table 1 Frequency of CpG island hypermethylation for different tissue types
Gene and tissue

a

Case 16

Case 17

Case 18

Case 19

Case 50

Case 51

Total

Total %

3/3
0/4
1/3
2/2
5/5
1/2
1/1
NA

4/9
0/9
NA
NA
4/4
3/3
NA
2/2

NAa
0/3
0/1
NA
0/1
NA
1/2
NA

1/1
0/2
NA
NA
2/2
1/1
NA
0/1

2/2
0/8
NA
NA
0/1
NA
NA
2/12

6/6
1/13
NA
NA
NA
NA
NA
4/4

16/21
1/39
1/4
2/2
11/13
5/6
2/3
8/19

76
3
25
100
85
83
66
42

0/3
0/4
0/3
1/2
5/5
1/2
1/1
NA

0/9
0/9
NA
NA
1/4
1/3
NA
2/2

NA
0/3
0/1
NA
0/1
NA
0/2
NA

0/1
0/2
NA
NA
0/2
0/1
NA
1/1

0/2
0/8
NA
NA
0/1
NA
NA
0/12

0/6
0/13
NA
NA
NA
NA
NA
0/4

0/21
0/39
0/4
1/2
6/13
2/6
1/3
3/19

0
0
0
50
46
33
33
16

0/3
0/4
0/3
1/2
1/5
0/2
0/1
NA

1/9
0/9
NA
NA
0/4
0/3
NA
0/2

NA
0/3
0/1
NA
0/1
NA
0/2
NA

0/1
0/2
NA
NA
0/2
0/1
NA
0/1

0/2
0/8
NA
NA
0/1
NA
NA
0/12

4/6
1/13
NA
NA
NA
NA
NA
0/4

5/21
1/39
0/4
1/2
1/13
0/6
0/3
0/19

24
3
0
50
8
0
0
0

0/3
0/4
3/3
2/2
2/5
2/2
1/1
NA

1/9
0/9
NA
NA
4/4
3/3
NA
2/2

NA
0/3
0/1
NA
0/1
NA
1/2
NA

0/1
1/2
NA
NA
2/2
1/1
NA
1/1

0/2
0/8
NA
NA
1/1
NA
NA
12/12

1/6
1/13
NA
NA
NA
NA
NA
4/4

2/21
2/39
3/4
2/2
9/13
6/6
2/3
19/19

10
5
75
100
69
100
67
100

NA, not applicable.

studies have reported LOH or mutations of APC, TP53, and CDKN2A
that support a clonal expansion in premalignant Barrett’s esophagus
(3, 8, 9). These molecular events have usually been found to be
associated with dysplasia. Our results show the frequent and widespread occurrence of aberrant methylation patterns in nondysplastic
tissues. However, all of the cases that we have investigated also have
associated HGD and/or adenocarcinoma. It is possible that nondysplastic tissues in individuals with IM as their most advanced stage of
disease would not show such aberrant hypermethylation. Such patients are not included in our study, because they do not undergo
esophagectomy.
The clonality of a tissue can be determined by tracing a specific
mutation or LOH event through the different stages of EAC or, in
female patients, by analyzing the homogeneity of X-chromosomal
inactivation in the tissue sample (3). Barrett’s tissue is very heterogeneous and requires cell sorting to remove contaminating normal
cells for an accurate detection of clonality. Because our tissue specimens were not microdissected or cell sorted, we are unable to
determine the clonality in the fields of DNA hypermethylation. The
presence of substantial amounts of normal tissue in our specimens
also prevents an assessment of the gene inactivation effects of the
CpG island hypermethylation that we have detected. Gene expression
in the normal stromal and epithelial cells in the specimen can mask a
lack of expression in a subset of cells with CpG island hypermethylation. Indeed, samples from our study with substantial levels of
complete methylation of the CDKN2A promoter CpG island still
showed significant CDKN2A gene expression, as analyzed by quantitative real-time reverse transcription-PCR (data not shown), despite
the fact that there is strong evidence for the gene silencing effects of
CDKN2A promoter CpG island hypermethylation in more homogeneous tissues and cell lines (31). Similar results showing a lack of

clear inverse correlation between the methylation and gene expression
data were obtained for APC and ESR1 as well (data not shown).
Therefore, we believe that the analysis of aberrant DNA hypermethylation offers an advantage over deletion analysis and gene expression
analysis in that it has greater sensitivity in the presence of contaminating normal cells. This alleviates the need for cell sorted populations
and microdissected tissue samples, which are generally used in LOH
and deletion studies of esophageal tumors.
Regardless of whether the observed CpG island hypermethylation
events are attributable to field effects that arise from either clonal
expansion or nonclonal concerted changes, it is clear that aberrant
methylation patterns can occur in early-stage tissues associated with
dysplasia and/or malignancy. A prospective longitudinal study should
reveal whether these molecular alterations in early-stage tissues are
predictive of imminent dysplastic disease.
Acknowledgments
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