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Abstract

AIM: To detect the effects of plasma DNA methylation
of Wnt antagonists/inhibitors on recurrence of esopha-
geal squamous cell carcinoma (ESCC).

METHODS: We used methylation-specific polymerase
chain reaction to detect hypermethylation of the pro-
moter of four Wnt antagonists/inhibitors (SFRP-1, WIF-1,
DKK-3 and RUNX3) using DNA from the plasma of ESCC
patients (7 = 81) and analyzed the association between
promoter hypermethylation of Wnt pathway modulator
genes and the two-year recurrence of ESCC.
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RESULTS: Hypermethylation of SFRP-1, DKK-3 and
RUNX-3 was significantly associated with an increased
risk of ESCC recurrence (P = 0.001, 0.003 and 0.001
for SFRP-1, DKK-3 and RUNX3, respectively). Patients
carrying two to three methylated genes had a signifi-
cantly elevated risk of recurrence compared with those
not carrying methylated genes (odds ratio = 15.69,
95% confidential interval: 2.97-83). The area under the
receiver operating characteristic curve (AUC) was 77.1
for ESCC recurrence prediction (sensitivity = 66.67 and
specificity = 83.3). When combining methylated genes
and the clinical stage, the AUC was 83.69, with a sensi-
tivity of 76.19 and a specificity of 83.3.

CONCLUSION: The status of promoter hypermethylation
of Wnt antagonists/inhibitors in plasma may serve as a
non-invasive prognostic biomarker for ESCC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Esophageal cancer, predominantly esophageal squamous
cell carcinoma (ESCC), is one of the most common ma-
lignancies in the world, with 482 300 incident cases and
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406 800 deaths estimated in 2008". Most patients with
ESCC are diagnosed at an advanced stage. Although the-
rapeutic advances have been designed to improve treat-
ment outcome, the prognosis of patients with ESCC is
still poor, with long-term survival rates between 5% and
20%7. The poor prognosis is partially due to the high
rate of recurrence, which occurs in approximately half of
patients after curative surgical resection. Therefore, de-
velopment of accurate prognostic biomarkers for ESCC
is imperative and crucial for improving ESCC prognosis
and for guiding treatment.

DNA methylation is one of the most common epi-
genetic modifications”. One of the major changes caused
by DNA methylation is transcriptional silencing of tumor
suppressor genes resulting from hypermethylation of CpG
islands in promoter regionsw. This change occurs fre-
quently during tumor pathogenesis and progression and
has become widely recognized as a mechanism of gene
inactivation in cancer” . The methylation profile may also
help predict the response to a chemo-/radio-therapeutic
agent and thus the prognosis of cancer™. In addition,
detection of promoter CpG methylation in body fluid
DNA is feasible and neatly non-invasive”

Wnt signaling operates across cell boundaries via se-
cretion by cells of one tissue type, which results in activa-
tion of surface receptors on neighboring cells and tissues,
leading to activation of transcription factors that regulate
cell proliferation, survival, and differentiation' ", Dys-
regulation of these processes in cancer results in aberrant
activation of the Wnt pathway!"'"?. Several antagonists of
Wnt signaling have been identified, including the secreted
frizzled-related protein-1 (SFRP-1) and Wnt inhibitory
factor-1 (WIF-1), which bind directly to Wnt proteins, and
Dickkopt-3 (DKK-3), which binds to the LDL-receptor-
related protein5 (LRP5)/LRP6 component of the Wnt
receptor complex[l3]. In addition, another Wnt inhibitor,
runt-related transcription factor-3 (RUNX3), reportedly
forms a ternary complex with B-catenin/transctiption fac-
tor-4 (TCF4) to attenuate Wnt signaling, which regulates
cell proliferation, apoptosis, and invasion'*"”. Given the
important roles of Wnt antagonists/inhibitors in cancer
progression and prognosis, we evaluated the association
between methylation of promoter CpG islands of the
four tumor suppressor genes, SI'RP-7, WIF-1, DKK-3 and
RUNX3, in the Wnt signaling pathway and ESCC recut-
rence using plasma DNA from 81 Chinese patients with
ESCC.

MATERIALS AND METHODS
Study population

This study was approved by the institutional reviewer board
of Nantong Cancer Hospital, and written informed consent
was obtained from each patient or from the patient’s rep-
resentative. Briefly, patients with histopathologically diag-
nosed incident ESCC were recruited from Nantong Cancer
Hospital from June to December 2008. Exclusion criteria
included self-reported previous cancer history, metastasis
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Table 1 Primers for methylation-specific polymerase chain

reaction

Gene Primer sequence (5'-3")
WIF-1
10) F  GGGTGTTTTATTGGGTGTATTGT
R AAAAAAACTAACACAAACAAAATACAAAC
M F  CGTTTTATTGGGCGTATCGT
R ACTAACGCGAACGAAATACGA
RUNX-3
16) F  TTATGAGGGGTGGTTGTATGTGGG
R AAAACAACCAACACAAACACCTCC
M F  TTACGAGGGGCGGTCGTACGCGGG
R AAAACGACCGACGCGAACGCCTCC
SFRP-1
18] F  GAGTTAGTGTTGTGTGTTTGTTGTTTTGT
R CCCAACATTACCCAACTCCACAACCA
M F  GTIGTCGCGCGTTCGTCGTTTCGC
R AACGTTACCCGACTCCGCGACCG
DKK-3
18] F  TTAGGGGTGGGTGGTGGGGT
R CTACATCTCCACTCTACACCCA
M F  GGGGCGGGCGGCGGGGC
R ACATCTCCGCTCTACGCCCG

M: Methylated sequence; U: Unmethylated sequence; F: Forward primer; R:
Reverse primer.

from other organs, and surgical section, radiotherapy, or
chemotherapy before blood collection. Patients were fol-
lowed up at the 24th month after recruitment by personal
or family contacts. All patients were genetically unrelated,
ethnic Han Chinese, and each patient donated 5 mL of
venous blood at their first admission to the hospital. As a
result, 81 ESCC patients who had complete clinical infor-
mation, adequate DNA samples, and successful follow-up
were included.

DNA extraction and methylation-specific polymerase
chain reaction

DNA was extracted from 200 pl. plasma from each patient
using an SG Spin Column Clinical Sample Genomic DNA
MiniPreps kit (Shanghai ShineGene Molecular Biotech,
Inc., Shanghai, China). The plasma DNA was modified
with sodium bisulfite using the EZ DNA methylation™
kit (Zymo Research, Orange, CA, United States). The
methylation status of CpG islands in the promoter re-
gion of SFRP-1, WIF-1, DKK-3 and RUNX-3 was detet-
mined by methylation-specific polymerase chain reaction
(PCR)". Tn brief, the first universal primer set covered
no CpG sites in either the forward or the reverse primer
but amplified a DNA fragment of the promoter region
containing several sites. Then, a second round of nested
methylation-specific PCR or unmethylation-specific PCR
was performed using the universal PCR products as tem-
plates. Primer sequences are shown in Table 1.

Statistical analysis

Differences in demographic and clinical characteristics were
evaluated with /1/2 tests (or the Fisher’s exact test). The as-
sociation between methylation and ESCC recurrence was
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Table 2 Characteristics of patients

Variables Recurrence P value
No Yes
Age (yr) 0.804
<63 31 10
=63 29 11
Gender 0.569
Female 16 4
Male 44 17
Smoking 0.614
No 31 9
Yes 29 12
Drinking 0.799
No 26 8
Yes 34 13
Operation 0.614
No 38 12
Yes 22 9
Chemo-/radio-therapy 0.751
No 11 5
Yes 49 16
Stage <0.001
1 25 B
il 22 B
m 13 15

estimated by computing odds ratios (ORs) and 95% con-
fidence intervals (Cls) from logistic regression analyses for
adjusted ORs and crude ORs, with or without adjustments
for age, gender, smoking, drinking, clinical stage, surgical
operation and chemo-/radio-therapy status. Receiver opet-
ating characteristic (ROC) curve analysis was conducted by
using the “pROC” package in R. All the statistical analyses
were performed with R software (version 2.11.1; The R
Foundation for Statistical Computing).

RESULTS

Characteristics of patients

The clinicopathologic features of the patients are sum-
marized in Table 2. A total of 81 ESCC patients were
included in our current study. The mean age was 63 years
(range, 46-80 years), and 61 patients were male (75.3%).
Sixty-five (80.2%) patients underwent chemo-/radio-ther-
apy, and 31 (38.3%) patients underwent surgical operation
after blood collection. Among the 81 patients, there were
21 recurrences (26%) at the 24th month after recruit-
ment. As expected, advanced stage was a risk factor for
ESCC recurrence (P < 0.001). However, there were no
significant differences in the recurrence rates among the
subgroups of age, gender, smoking status, drinking status,
with or without surgical operation, and/or chemo-/radio-
therapy.

Single-gene analysis

The percentage of promoter methylation in the genes we
analyzed was as follows: 29.6% for SFRP-1, 35.8% for
WIF-1, 37.4% for DKK-3, and 35.8% for RUNX-3. Three
genes showed significant associations with ESCC recur-
rence after adjusting for age, gender, smoking, drinking,

(4%
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Table 3 Correlation between methylation and recurrence in

esophageal squamous cell carcinoma patients

Gene n Recurrence Crude OR P Adjusted OR' P

(95% CI) value (95% CI) value'
No Yes

SFRP-1

Negative 57 49 8 1.00 < 0.001 1.00 <0.001

Positive 24 11 13 7.24 10.8
(2.42-21.68) (2.54-46)

WIF-1

Negative 52 42 10 1.00 0.069 1.00 0.107

Positive 29 18 11 2.57 2.61
(0.93-7.11) (0.8-8.47)

DKK-3

Negative 51 44 7 1.00 0.001 1.00 0.003

Positive 30 16 14 5.50 6.07
(1.88-16.08) (1.73-21.28)

RUNX-3

Negative 52 45 7 1.00 < 0.001 1.00 0.001

Positive 29 15 14 6.00 7.81
(2.04-17.65) (2.30-47)

!Adjusted for age, gender, smoking, drinking, stage, surgical operation and
chemo-/radio-therapy. CI: Confidence intervals; OR: Odds ratios.

Table 4 Combined analysis of methylation and recurrence in

esophageal squamous cell carcinoma patients

No.of M 1 Recurrence Crude OR P value Adjusted OR' P

gene — (95% Q) (95% CI) value'
No Yes
32 29 3 Ref. Ref.

1 25 21 4 1.84 0.454 1.71 0.570
(0.37-9.11) (0.27-10.73)

2-3 24 10 14 13.53 <0.001 15.69 0.001
(3.21-57.07) (2.97-83.00)

Locus 4.10 <0.001 4.10 0.001

Trend (1.92-8.75) (1.73-9.72)

'Adjusted for age, gender, smoking, drinking, stage, surgical operation and
chemo-/radio-therapy. CI: Confidence intervals; OR: Odds ratios.

stage, surgical operation, and chemo-/radio-therapy. As
shown in Table 3, patients with methylated SFRP-7 had
a 10.8-fold increased risk of recurrence compared with
those with unmethylated SFRP-7 (95% CI: 2.54-40, P <
0.001). Similarly, methylated DKK-3 was associated with a
6.07-fold increased risk of recurrence (95% CI: 1.73-21.28,
P = 0.003), and methylated RUNX-3 was associated with
a 7.81-fold increased recurrence risk (95% CI: 2.30-47, P
= 0.001). Methylation of WIF-7, however, was not sig-
nificantly associated with an increased risk of recurrence
(P =0.107).

Combined analysis

We then performed combined analysis to assess the ef-
fect of methylation of the three genes (SFRP-7, DKK-3
and RUNX-3) on ESCC recurrence. As shown in Table 4,
compared with patients without methylated genes, those
with two to three methylated genes had a significantly in-
creased risk of recurrence (OR = 15.69, 95% CI: 2.97-83).
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Figure 1 Receiver operating characteristic curve analysis to assess the
sensitivity and specificity of the status of methylated genes in combination
with the stage for predicting esophageal squamous cell carcinoma recur-
rence using the “pROC” package in R. Combination of 2-3 genes, area under
curve (AUC) = 77.1, sensitivity = 66.67, specificity = 83.3, stage, AUC = 75.24,
sensitivity = 71.43, specificity = 78.3, combination of 2-3 genes + stage, AUC =
83.69, sensitivity = 76.19, specificity = 83.3.

Furthermore, there was a dose-response effect between
plasma DNA methylation status and ESCC recurrence (OR
= 4.1, 95% CI: 1.73-9.72, P for trend: 0.001).

AUC analysis

We also conducted a ROC curve analysis and area under
curve (AUC) analyses to assess the sensitivity and specific-
ity of the status of methylated genes individually and in
combination for predicting ESCC recurrence. For single
genes, the AUC were 71.79 (SFRP-7), 70 (DKK-3) and
70.83 (RUNX3). When we considered two to three meth-
ylated genes, the AUC increased to 77.1, with a sensitiv-
ity of 66.67 and a specificity of 83.3. As a risk factor for
ESCC recurrence, the AUC for stage was 75.24 (sensitiv-
ity = 71.43, specificity = 78.3). For the combination of
methylated genes and clinical stage, the AUC was 83.69
(sensitivity = 706.19, specificity = 83.3) (Figure 1).

DISCUSSION

Wnt antagonists/inhibitors function as tumor suppres-
sors, and thus hypermethylation of their promoters and
subsequent silencing of these genes may be implicated
in the pathogenesis or progression of a broad spectrum
of human malignanciesm’m. In our current study, we
found that the methylation status of SFRP-7, DKK-3 and
RUNX:-3 promoters in plasma DNA can individually and
jointly predict ESCC recurrence.

Most published studies on the association between hy-
permethylation of Wnt antagonist/inhibitor gene promot-
ers and cancer development have focused on tumor tis-
sues. Yu ez al'” found that epigenetic silencing of DKK-3
is a common event in gastric cancer and is associated with
a poor disease outcome. Urakami ef al"™ used a methyla-
tion score to analyze the combined effects of hypermeth-
ylated Wnt antagonist family genes on bladder cancer
detection, and they found that the score was significantly
higher in bladder tumors than in bladder mucosa. Ham-
ilton ef al” assessed the methylation status of nine genes,
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including RUNX-3, in esophageal cancer patients and
found that increased methylation of this gene correlated
with poor responsiveness to therapy, suggesting poten-
tial clinical application of these biomarkers in guiding
prognosis and management. A growing body of evidence
suggests that the methylation signature is consistent be-
tween DNA derived from tissue and DNA derived from
serum/ plasmalw’zoj. However, serum/plasma DNA has
obvious advantages compared with DNA derived from
tissue samples, i.e., with respect to the ease to obtain, non-
invasiveness, and relative reproducibility. Therefore, se-
rum/plasma DNA may be an excellent source of samples
for assessing biomarkers, especially for patients who have
not undergone surgery.

Previous studies have shown that methylation of vari-
ous genes in serum/plasma can be a highly specific bio-
marker for human cancers'”* . Herbst ¢z a/* reported
that NEUROGT is frequently methylated in sera of pa-
tients with colorectal cancers independent of the tumor
stage and is a suitable non-invasive screening approach for
detecting asymptomatic colorectal cancer. G6bel ez al®
found that methylated PITX2 and RASSF7.A in plasma
are therapy-independent prognostic factors in breast can-
cer patients. Salazar ef al” showed that the methylation
status of CHIR in serum can influence the outcome of
chemotherapy in stage IV non-small-cell lung cancer pa-
tients and that unmethylated CHFR predicts increased
survival to EGFR TKIs. Urakami ez a/"” reported that
hypermethylation of Wnt antagonists can serve as an ex-
cellent epigenetic biomarker panel for detection, staging
and prognosis of renal cell carcinoma using serum DNA.
These studies all indicate the available and feasibility of
using plasma DNA to establish the methylation status of
gene promoters as a biomarker for cancer.

Given that ESCC is one of the most aggressive can-
cers in the wotld and that no non-invasive test is available,
our preliminary study yielded a promising result. Limita-
tions of our study include the lack of detection of DNA
methylation in tissue and the unpredictability of the link
between methylation status and gene expression. Nev-
ertheless, the methylation status of Wnt antagonists/in-
hibitors may serve as a valuable biomarker for predicting
ESCC recurrence.

COMMENTS

Background

Esophageal squamous cell carcinoma (ESCC) is one of the most common ma-
lignancies in the world. The prognosis of patients with ESCC is poor, which is
partially due to the high rate of recurrence. Therefore, development of accurate
prognostic biomarkers for ESCC is imperative and crucial for improving ESCC
prognosis and for guiding treatment.

Research frontiers

Whnt antagonist/inhibitor genes function as tumor suppressors, and hypermeth-
ylation of their promoters and subsequent silencing of the genes, which can be
detected in plasma DNA, may serve as a valuable non-invasive biomarker for
predicting ESCC recurrence.

Innovations and breakthroughs

The association between methylation of promoter CpG islands of four tumor
suppressor genes (SFRP-1, WIF-1, DKK-3 and RUNX3) in the Wnt signaling
pathway and ESCC recurrence was evaluated using plasma DNA from ESCC
patients.
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Applications
This result offers great potential for using plasma DNA to analyze methylation
as a non-invasive biomarker for predicting ESCC recurrence.

Terminology

Epigenetic changes: Heritable changes in the gene structure that do not change
the gene sequence. CpG islands: CpG-rich areas located in the promoter re-
gions of many genes. CpG island methylation: The addition of a methyl group
to a cytosine residue that is next to guanine.

Peer review

The study aimed to verify the promoter hypermethylation status of four Wnt
[antagonist genes odds ratio (OR) antagonists] (using methylation-specific poly-
merase chain reaction with OR with the methylation-specific polymerase chain
reaction technique using) DNA from plasma of 81 ESCC patients. The article
reports interesting results that are important to the field.
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