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Abstract

Background—-Previous studies have shown important effects of stromal elements in
carcinogenesis. To explore the tumor-stromal relationship in esophageal neoplasia, we examined
methylation of COX-2 (PTGS2), a gene etiologically associated with the development of
gastrointestinal cancers, in adjacent foci of epithelium, subepithelial lymphocytes and non-
lymphocytic stromal cells found in sections of normal squamous epithelium, squamous dysplasia
and invasive esophageal squamous cell carcinoma.

Methods—Adjacent foci of epithelium, subepithelial lymphocytic aggregates and non-lymphocytic
stromal tissues were laser microdissected from six fully embedded, ethanol fixed, esophagectomy
samples from Shanxi, China, a high-risk region for esophageal cancer. Promoter CpG site-specific
hypermethylation status of COX-2 was determined using real-time methylation specific PCR (qMS-
PCR) based on Tagman Chemistry. The methylation status of a subset of samples was confirmed by
pyrosequencing.

Results—Forty-nine microdissected foci were analyzed. COX-2 gene methylation was
significantly more common in subepithelial lymphocytes (12/16 (75% of all foci)) than in epithelial
foci (3/16 (19%)) or foci of non-lymphocytic stromal tissues (3/17 (18%)) (Fisher’s Exact p=0.05).
Two of three epithelial samples and all three stromal samples that showed COX-2 methylation were
adjacent to foci of methylated subepithelial lymphocytes. Pyrosequencing confirmed the methylation
status in a subset of samples.
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Conclusions—In these esopohageal cancer patients, COX-2 gene methylation was more common
in subepithelial lymphocytes than in adjacent epithelial or stromal cells in both grades of dysplasia
and in foci of invasive cancer. These findings raise the possibility that methylation of subepithelial
lymphocytes may be important for tumorigenesis. Future studies of gene methylation should consider
separate evaluation of epithelial and non-epithelial cell populations.

Condensed abstract—COX2 (PTGS2) gene methylation increases with disease severity and is
more common in subepithelial lymphocytes than in adjacent epithelial or stromal cells in dysplastic
and early invasive esophageal squamous cell cancer foci.
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1. Introduction

Understanding the influence of stromal elements on carcinogenesis continues to unfold. In
vitro studies have shown significantly faster tumor growth when tumor cells are mixed with
carcinoma-associated fibroblasts, and it has been hypothesized that observed epithelial cellular
responses to cytokines may be secondary to the bioactivity of matrix-associated
macromolecules whose expression is itself under primary cytokine control [1-3]. In addition,
mucosal associated lymphoid tissue, which is particularly abundant along the aerodigestive
tract and is thought to be important for defending against pathogenic organisms, may also play
a role in neoplastic progression by modulating pro-carcinogenic and anti-carcinogenic
immunologic responses to oncogenically transformed cells [4]. Consequently, improved
understanding of the interactions between supporting and epithelial tissue constituents may
enhance our insight into the mechanisms involved in neoplastic progression.

Esophageal Squamous Cell Carcinoma (ESCC) continues to be a significant cause of morbidity
and mortality worldwide, and it is the fourth most common cause of cancer death in China
[5]. Within China, the Taihang mountain region in Hebei, Henan and Shanxi Provinces has the
highest incidence and mortality rates, reaching more than 100/100,000 persons/year [6]. Efforts
are ongoing to understand the etiology of this cancer in such high-risk areas, and to develop
more effective cancer prevention, screening, and treatment strategies.

Many recent epigenetic investigations have focused on gene methylation, the addition of
methyl groups to cytosines in CpG islands, which can silence gene transcription. CpG islands
are 0.5-2 kilobase regions rich in cytosine-guanine dinucleotides that are present in the 5’
region of about half of all human genes [7]. Methylation of these CpG islands have been shown
to cause silencing of several genes in Gl cancers, including those involved in transcription,
apoptosis, and calcium signaling [8]. Despite these advances, the role of gene methylation in
the neoplastic progression of ESCC remains poorly understood.

One important gene that is susceptible to gene methylation and is etiologically implicated in
the development of gastrointestinal cancers is COX-2 (PTGS2) [9]. Inhibition of COX-2 by
non-specific NSAIDS or specific inhibitors of COX-2 causes cell death in gastrointestinal
cancer cells [10,11].

The current study explores tumor-stromal relationships in esophageal neoplasia by examining
methylation of COX-2 (PTGS2) in adjacent microdissected foci of epithelium, subepithelial
lymphocytic aggregates and non-lymphocytic stromal cells in sections of normal squamous
epithelium, squamous dysplasia, and invasive esophageal squamous cell carcinoma.
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2. Materials and methods

Patients presenting in 1998 to the Shanxi Cancer Hospital in Taiyuan, Shanxi province,
People’s Republic of China who were diagnosed with ESCC and were considered candidates
for curative surgical resection were identified and recruited to participate in the study. The
study was approved by the Institutional Review Boards of the Shanxi Cancer Hospital and the
United States National Cancer Institute. For this study, a total of six patients (5 males and a
female) who underwent esophagectomy for ESCC were selected. None of the patients received
pre-operative chemo or radiotherapy.

Each esophageal resection specimen was fixed in ethanol and then cut entirely into 0.4-cm
wide columns and into 2.0-cm long rows suitable for histologic processing. Each section was
histologically reviewed and given a diagnosis based on the worst epithelial change present,
according to criteria described previously (low-grade dysplasia (LGD) = mild dysplasia; high-
grade dysplasia (HGD) = moderate or severe dysplasia) [12].

Laser Capture Microdissection

Sections from normal, LGD, HGD, and invasive cancer were selected from each case based
on the ease with which the lesional tissue could be microdissected and analyzed. Serial 10-
micron sections were then cut from each tissue block and adjacent foci of epithelium,
subepithelial lymphocytic aggregates and non-lymphocytic stromal tissues were laser
microdissected (Arcturus Microdissection System, Molecular Devices, Sunnyvale, CA) under
direct light microscopic visualization, using methods described previously [13].

Bisulfite modification and real-time methylation-specific PCR

Gene-specific hypermethylation status was determined using methylation-specific PCR (qMS-
PCR) based on Tagman Chemistry (Applied Biosystem, Foster City, CA) as previously
described [14,15]. Bisulfite modification was performed as previously described, using a
primer and hybridization probe specifically designed to bind bisulfite-converted sequences of
CpG islands in the promoter region of the gene [15]. The primers and probe sequences for the
internal reference gene, -actin, have been previously published [14]. The sequences for the
PTGS2 assay are as follows: sense: 5’GGA AGC GTT CGG GTA AAG ATT-3’; anti-sense:
5’-CGC CCC AAA CGC ACA A-3’; and probe: 6FAM-AAG AAG AAA AGA TATTTG
GCG GAA-3’-MGB (molecular grove binding).

The caps from the dissection were incubated at 37C overnight in 25 pL of lysis buffer (10mM
Tris, PH8.0, ImM EDTA, 1% Tween-20, and 1 mg/mL proteinase K) and boiled at 95°C for
10 min to deactivate the proteinase K. The prepared lysate was used directly for subsequent
DNA methylation assays. The qMS-PCR reactions were carried out in a volume of 10 pl using
Tagman Universal PCR Master Mix, No AmpErase UNG (Applied Biosystems, Foster City,
CA). Each PCR reaction mixture contained 300nM of primer, 100nM of probe, and 1X Tagman
Buffer. Amplification and detection were carried out using the following profile: one step at
50°C for 2 min, one step at 95°C for 10 min, and 50 cycles at 95°C for 15 sec and 60°C for 1
min. The degree of gene methylation of each sample was assessed by extrapolation of standard
curves generated with serial dilutions with known amounts of methylated DNA ranging from
10 ng to 0.01 ng and unmethylated DNA. Percent methylation was derived using the following
formula: (ng gene/ng B-actin) X 100. The samples were categorized as unmethylated, low
methylation (1%-50%), or high methylation (51%-100%). All but five samples had sufficient
DNA and were well within the assay’s range of sensitivity and reproducibility based on the
internal reference standard (-actin) (Ct scores below 38 for input DNA). All samples were
run in duplicate and the average values used.
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Pyrosequencing

To confirm methylation status of PTGS2, we used a second technique, pyrosequencing, on a
subset of the samples (3 epithelial, 4 lymphocytes, and 3 stromal samples). Pyrosequencing
(Biotage, Charlottesville, VA, USA) was performed following described protocols [16.17]. A
PCR product from each sample was generated in a 25 pl reaction containing 1x AmpliTaq
Gold Master Mix, 2 U of AmpliTaqg Gold (Applied Biosystems, Foster City, CA, USA), 250
UM dNTPs, 0.25 pM forward primer PTGS2-F-5- GGA GAT TAG TTT AGA ATT GGT
TTT-3, 0.25 UM reverse primer PTGS2-R-5’-biotin- AAT CCC CAC TCT CCT ATC TAA
TCC -3’, and 4 pl of bisulfite-modified sample DNA. The amplifications were carried out at
95°C for 10 min, followed by a six-cycle touchdown PCR protocol of 95°C for 1 min, 63°C
for 1 min with —1 °C for each cycle to 58°C, and 72°C for 1 min. This was followed by 44
cycles at 95°C for 1 min, 60°C for 1 min, 72°C for 1 min, and a 10 min extension at 72°C.
Single-stranded DNA from 10ul of each PCR sample was generated using the PSQ 96 sample
preparation vacuum filtration device following the manufacturer’s instructions (Biotage,
Charlottesville, VA). The single-stranded product was annealed to 0.3 puM of the sequencing
primer 5-ATT AGT TTAGAA TTG GTT TT-3 and placed at 85°C for 2 min and cooled to
room temperature for 5 min. Pyrosequencing was performed on a PSQ96 HS system (Biotage)
with the Biotage reagent kit (Biotage) according to the manufacturer’s instructions. Methylated
DNA at different percentages (100%, 50%, 10% and 0%) was employed as controls. The raw
data were analyzed with the allele quantification algorithm of the software provided (Biotage).
The assay spans four CpG sites and percent methylation was averaged across the four sites and
the data categorized as unmethylated, low methylation (1%-50%), or high methylation (51—
100%).

Statistical Analysis

3. Results

All statistical analyses were performed on STATA 8.0 (College Station, TX). The Fisher’s
exact test was used to test for differences in the frequency of methylation among foci of
epithelium, subepithelial lymphocytes and non-lymphocytic stromal tissues.

Fifty-four microdissected ethanol fixed foci from six esophageal resections were evaluated,
and 49 foci had sufficient DNA for analysis. The full histologic spectrum was not present in
every case. The final analytical group contained 2 foci of normal epithelium, 5 of low-grade
dysplasia, 6 of high-grade dysplasia and 5 invasive cancers (Table I).

Real-time methylation-specific PCR showed COX-2 (PTGS2) gene methylation to be
significantly more common in subepithelial lymphocytes (12/16 (75% of all foci)) than in
epithelial foci (3/16 (19%)) or foci of non-lymphocytic stromal tissues (3/17 (18%)) (Fishers
Exact p=0.05) (Table I). Two of three epithelial samples and all three stromal samples that
showed COX2 methylation were adjacent to foci of methylated subepithelial lymphocytes.
Pyrosequencing of a subset of samples was concordant with qMS-PCR for the presence of
methylation (10/10 samples (100%)) (Figure 1).

4. Discussion

In the current study, COX-2 (PTGS2) gene methylation was more common in subepithelial
lymphocytes than in adjacent epithelial or stromal cells in both grades of squamous dysplasia
and in foci of invasive esophageal squamous cell carcinoma. Moreover, two of the three
epithelial foci and all three of the non-lymphocytic stromal foci that showed COX-2
methylation were adjacent to foci of subepithelial lymphocytes that were also methylated.
These findings raise the possibility that methylation of subepithelial lymphocytes may affect
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methylation of cells in the other two tissue compartments, and may be important in
tumorigenesis.

This is the first evaluation of gene methylation in separate tissue compartments in esophageal
neoplasia. In fact, relatively little work has been done to evaluate methylation in supporting
tissues adjacent to any cancers, even though the importance of such tissues in cancer initiation
and progression is increasingly well documented. Previous studies have evaluated methylation
in stromal tissues adjacent to prostate cancer and have found gene methylation in tumor-
associated stromal cells [18,19]. The current study provides additional evidence for the
potential importance of such stromal-epithelial interactions, and identifies subepithelial
lymphocytic aggregates as a stromal component that may be particularly important in this
interaction.

It is unclear why there is apparent preferential methylation of COX-2 in the subepithelial
lymphocytes. COX-2 is an important inflammatory mediator, and its suppression results in
lower levels of prostaglandin E2 and tumor-promoting cytokines, enhanced cell-mediated
immunity, and prevention of tumor-induced suppression of dendritic cell activity [4,20-22].
Thus, COX-2 methylation of subepithelial lymphocytes may represent an adaptive host defense
against tumorigenesis [23].

The current study evaluated methylation in a single gene in a small number of tissue sections.
The interesting findings must be confirmed in additional studies evaluating more genes and
larger numbers of samples. More generally, our results imply the need to further evaluate
methylation separately in different tissue compartments, to better understand the mechanisms
and overall impact of gene methylation on carcinogenesis.

In conclusion, COX-2 (PTGS2) gene methylation was more common in subepithelial
lymphocytes than in adjacent epithelial or stromal cells in a histologic spectrum of esophageal
squamous disease from low-grade squamous dysplasia to invasive esophageal squamous cell
carcinoma. These findings raise the possibility that methylation of stromal lymphocytes or
other stromal tissue compartments may directly or indirectly affect tumorigenesis. Future
studies of gene methylation should evaluate non-epithelial as well as epithelial tissue
components.

Abbreviations

COX-2, cyclooxygenase-2; EDTA, ethylenediaminetetraacetic acid; ESCC, esophageal
squamous cell carcinoma; HGD, high-grade squamous dysplasia; LGD, low-grade squamous
dysplasia; NSAIDS, non-steroidal antiinflammatory drugs; PTGS2, prostaglandin-
endoperoxide synthase 2; qMS-PCR, quantitative methylation specific polymerase chain
reaction.
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Figure 1.

Example of a pyrosequencing analysis for COX-2 (PTGS2) showing percent methylation (C)
at four individual CpG sites.
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Table |
COX-2 (PTGS2) Methylation in adjacent Epithelium (E), Lymphocytes (L), and Stromal cells (S), by epithelial
histologic severity, in six ESCC patients

Case No Histology | E L S
3904 Low-grade dysplasial
Low-grade dysplasial
High-grade dysplasi ND)
Invasive Cancer
3564 Normal NDJ

Low-grade dysplasial

Invasive Cancer

3696 High-grade dysplasi

Invasive Cancer

3776 Low-grade dysplasial

High-grade dysplasi ND)

Invasive Cancer ND

3348 Normal

Low-grade dysplasial

High-grade dysplasi :—
Invasive Cancer ND

4066 High-grade dysplasi
High-grade dysplasi

ND-=insufficient DNA

White=0 %, Gray=1-50%, Black=51+% Methylation.
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Summary data for COX-2 (PTGS2) methylation
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Histology Epithelium Lymphocytes Stroma
Foci+/Total Foci (%) Foci+/Total Foci (%0) Foci+/Total Foci (%)

Normal 1/2 (50%) 0/1 (0%) 0/2 (0%)

Low-grade dysplasia 0/5 (0%) 3/5 (60%) 0/5 ( 0%)

High-grade dysplasia 1/4 (25%) 6/6 (100%) 3/6 (50%)

Cancer 1/5 (12%) 3/4 ( 75%) 0/4 (0%)

Total 3/16 (19%) 12/16 (75%) 3/17 (18%)
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