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Abstract

AIM: To explore epigenetic changes in the gene encod-
ing X chromosome-linked inhibitor of apoptosis-associ-
ated factor 1 (XAF1) during esophageal carcinogenesis.

METHODS: Methylation status of XAF1 was detected
by methylation-specific polymerase chain reaction
(MSP) in four esophageal cancer cell lines (KYSE30,
KYSE70, BIC1 and partially methylated in TE3 cell
lines), nine cases of normal mucosa, 72 cases of pri-
mary esophageal cancer and matched adjacent tissue.
XAF1 expression was examined by semi-quantitative
reverse transcriptional polymerase chain reaction and
Western blotting before and after treatment with 5-aza-
deoxycytidine (5-aza-dc), a demethylating agent. To
investigate the correlation of XAF1 expression and
methylation status in primary esophageal cancer, immu-
nohistochemistry for XAF1 expression was performed in
32 cases of esophageal cancer and matched adjacent
tissue. The association of methylation status and clini-
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copathological data was analyzed by logistic regression.

RESULTS: MSP results were as follows: loss of XAF1
expression was found in three of four esophageal cell
lines with promoter region hypermethylation (com-
pletely methylated in KYSE30, KYSE70 and BIC1 cell
lines and partially in TE3 cells); all nine cases of normal
esophageal mucosa were unmethylated; and 54/72
(75.00%) samples from patients with esophageal can-
cer were methylated, and 25/72 (34.70%) matched
adjacent tissues were methylated (75.00% vs 34.70%,
7° = 23.5840, P = 0.000). mRNA level of XAF1 mea-
sured with semi-quantitative reverse transcription poly-
merase chain reaction was detectable only in TE3 cells,
and no expression was detected in KYSE30, KYSE70
or BIC1 cells. Protein expression was not observed in
KYSE30 cells by Western blotting before treatment with
5-aza-dc. After treatment, mRNA level of XAF1 was
detectable in KYSE30, KYSE70 and BIC1 cells. Protein
expression was detected in KYSE30 after treatment
with 5-aza-dc. Immunohistochemistry was performed
on 32 cases of esophageal cancer and adjacent tissue,
and demonstrated XAF1 in the nucleus and cytoplasm.
XAF1 staining was found in 20/32 samples of adjacent
normal tissue but was present in only 8/32 samples of
esophageal cancer tissue (= 9.143, 2 = 0.002). XAF1
expression was decreased in cancer samples compared
with adjacent tissues. In 32 cases of esophageal can-
cer, 24/32 samples were methylated, and 8/32 esopha-
geal cancer tissues were unmethylated. XAF1 staining
was found in 6/8 samples of unmethylated esophageal
cancer and 2/24 samples of methylated esophageal
cancer tissue. XAF1 staining was inversely correlated
with XAF1 promoter region methylation (Fisher’s exact
test, P = 0.004). Regarding methylation status and
clinicopathological data, no significant differences were
found in sex, age, tumor size, tumor stage, or metas-
tasis with respect to methylation of XAF1 for the 72 tis-
sue samples from patients with esophageal cancer.

CONCLUSION: XAF1 is frequently methylated in eso-

phageal cancer, and XAF1 expression is regulated by
promoter region hypermethylation.
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INTRODUCTION

HEsophageal cancer is the eighth most common cancer
worldwide. The incidence of esophageal cancer has in-
creased rapidly in the past 20 years, and about 380 000
patients die each year from the disease! ”. Esophageal
squamous cell carcinoma (ESCC) is the main type of
esophageal cancer. It is highly invasive, rapidly metastatic,
and results in a poor postoperative quality of life". The
mechanisms contributing to ESCC carcinogenesis are
pootly understood. Recent studies have shown that ab-
errant promoter DNA methylation contributes to gene
silencing and may participate in the carcinogenesis of
human cancer. In-depth investigation of the relationship
between DNA methylation and gene expression in ESCC
will facilitate research in tumor pathogenesis and guide
clinical practice.

Inhibitors of apoptosis (IAPs) are antiapoptotic fac-
tors in cancer cells that render cells resistant to apoptosis
by inhibition of core death executioners, the caspases, or
by neutralizing antagonistsm. In the IAP family, X chro-
mosome-linked IAP (XIAP) has been recognized as the
most versatile caspase inhibitor™". In many models of
cancer, XIAP is overexpressedm. XIAP-associated factor
1 (XAF1) is one of the antagonists that has been identi-
fied as a mediator of XIAP by rescuing XIAP-suppressed
caspase activity"”, XAF1 is also a new candidate tumor
suppressor. Recent studies have suggested that loss of
XAF1 expression may occur in different human cancers
because of aberrant DNA methylation™"". Zou ez a/"”
found that loss of XAF1 expression is associated with
tumor progression in human gastric and colon cancets.
Lee et a/¥ also discovered that downregulation of XAF1
expression is correlated with human urogenital malignan-
cies. However, the relationship between the expression
level of XAF1 and the methylation status of XAF1 in
esophageal cancer has not been demonstrated.

In this study, we investigated whether promoter re-
gion methylation was associated with the progression of
esophageal cancer and analyzed the relationship between
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XAF1 expression and promoter region methylation. We
identified XAF1 as a potential esophageal cancer biomark-
er for prognosis and a target for future therapeutic agents.
Detection of the methylation status of XAF1 appears to
be promising as a predictive factor in primary ESCC.

MATERIALS AND METHODS

Human tissue samples and cell lines
Tissue samples taken from 72 cases of ESCC and 72
matched adjacent normal tissues were used in this study.
Nine cases of normal esophageal epithelia were removed
during endoscopy biopsy and then snap frozen. All sam-
ples were collected from the Chinese PLA General Hos-
pital under the guidelines approved by the Institutional
Review Board of the Chinese PLLA General Hospital.
Four esophageal cancer cell lines (KYSE30, KYSE70,
BIC1 and TE3) were examined in this study. All esopha-
geal cancer cell lines were previously established from
primary esophageal cancer and were maintained in 90%
RPMI 1640 (Invitrogen, Carlsbad, CA, United States)
supplemented with 10% fetal bovine serum. Cells were
passaged once at a ratio of 1:3. Cells were then allowed
to grow to total confluence (about 10° cells) on a 75-cm’
culture flask (NEST Biotechnology, Jiangsu, China).
Esophageal cancer cell lines were split to low density
(30% confluence) 12 h before treatment. Cells were treated
with 2 mol/L 5-aza-2’-deoxycytidine (5-aza-dc) (Sigma, St.
Louis, MO, United States), a demethylating agent, which
was added fresh every 24 h for a total of 96 h. At the end
of the treatment, RNA and protein were extracted from
the cells (see below).

RNA isolation and reverse transcriptional polymerase
chain reaction

Total RNA was isolated with the Trizol reagent (Life
Technologies, Gaithersburg, MD, United States). Agarose
gel (1%) electrophoresis and spectrophotometric analysis
(Az260 nm/ Az2s0 m ratio) wete used to evaluate RNA qual-
ity and quantity. RNA was stored at -80 ‘C prior to use.
First-strand cDNA was synthesized from 5 pg total RNA
with random 6-mer primers and a Superscript I reverse
transcriptional kit (Invitrogen). The reaction mixture was
then diluted to 100 pL with water. Subsequently, 2.5 uL.
of this diluted cDNA mixture was used for polymerase
chain reaction (PCR) amplification in a 25 pL reaction (fi-
nal volume). PCR amplification of XAF1 was carried out
using primers 5-GAGCATGCAGAAGTCCTCGCT-3'
(forward) and 5-CCTGTTCACTGCGACAGACATCT-3'
(reverse). The primer set for XAF1 was designed to span
intronic sequences between exons to exclude amplifica-
tion of genomic DNA. A total of 32 cycles of ampli-
fication was performed for each reverse transcriptional
polymerase chain reaction (RT-PCR) experiment. As an
internal control, glyceraldehyde-3-phosphate dehydroge-
nase was amplified with 25 cycles to ensure cDNA quality
and quantity for each RT-PCR reaction. Amplified prod-

ucts were analyzed on 1.5% agarose gels.
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A TE3 KYSE30 KYSE70

B1 VD NL KYSE30
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B3 IVD NL EC1 EC2 EC3

B4 VD NL EA1 EA2 EA3

Figure 1 X chromosome-linked inhibitor of apoptosis-associated factor 1 expression was silenced by DNA methylation. A: X chromosome-linked inhibitor of
apoptosis-associated factor 1 (XAF1) expression was analyzed by semi-quantitative reverse transcriptional polymerase chain reaction before and after 5-aza-dc treatment (2
mol/L, 96 h) of the esophageal cancer cell lines (KYSE30, KYSE70, BIC1 and TE3). Methylation status of XAF1 CpG islands in esophageal cancer cell lines, esophageal
normal mucosa, esophageal cancer tissue, and matched adjacent normal tissue. Primer efficiency was verified with a positive control (in vitro methylated DNA, IVD) and
a negative control (normal blood lymphocyte DNA, NL). “U” indicates the presence of unmethylated alleles; “M” indicates the presence of methylated alleles; B1: Methyla-
tion of XAF1 in esophageal cancer cell lines (KYSE30, KYSE70, BIC1 and TE3); B2: Methylation of XAF1 in normal esophageal mucosa (NE1, NE2, NE3, NE4 and NE5);
B3: Representative methylation-specific polymerase chain reaction (MSP) results for XAF1 in esophageal primary cancer tissue samples (EC); B4: Representative MSP
results for XAF1 in esophageal matched adjacent normal tissue (EA). GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Methylation-specific PCR

Genomic DNA from all types of samples was prepared
using the proteinase K method. After phenol/chloroform
extraction, DNA was precipitated in ethanol, dissolved
in low TE buffer, and stored at -20 ‘C. Genomic DNA
from esophageal cancer, adjacent tissues, and cell lines
was bisulfite modified as described before"”. Methylation-
specific PCR (MSP) was carried out using primers XAF1-
ML: 5“TTTGTAAGAAACGAAATTTAATCGA-3" and
XAF1-MR: 5-CCTACCCTTAAAACCCACGAT-3' and
XAF1-UL: 5"-TTTGTAAGAAATGAAATTTAATT-
GA-3'and XAF1-UR: 5-CTCCTACCCTTAAAACCCA-
CAAT-3"". Each MSP reaction included about 200 ng
bisulfite-treated DNA, 25 pmol each primer, 100 pmol
dNTPs, 2.5 uL 10 X PCR buffer, and 1 U Taq Poly-
merase (Invitrogen) in a final reaction volume of 25 pl.
Cycle conditions were as follows: 95 ‘C for 10 min; 35
cycles of 94 °C for 30 s, 57 °C for 30 s, and 72 °C for 30 s;
and 72 C for 10 min. MSP products were analyzed using
2% agarose gel electrophoresis.

Immunohistochemistry

Immunohistochemistry was performed on 4-pm-thick
serial sections cut from paraffin blocks containing
formaldehyde-fixed esophageal cancer tissue and paired
adjacent tissue. After deparaffinization and rehydration,
endogenous peroxidase activity was blocked for 30 min
in methanol containing 0.3% hydrogen peroxide. Antigen
retrieval was performed in target retrieval solution for 45
min at 96 C, which was followed by a cooling-off period
of 20 min. The primary rabbit antibody (anti-XAF1,
1:200; OriGene Technologies, MD, United States) was
then incubated overnight at 4 C. Then, the catalyzed sig-
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nal amplification system (ZSGB Biotech., Beijing, China)
was used to detect XAF1 staining,

Protein preparation and Western blotting

KYSE30 cells were treated with 5-aza-dc (as described
above), harvested, and lysed in ice-cold Tris buffer (20
mmol/L Ttis, pH 7.5) containing 137 mmol/L NaCl,
2 mmol/L ethylene diamine tetraacetic acid, 1% Triton
X-100, 10% glycerol, 50 mmol/L NaF, 1 mmol/L dithio-
threitol, and a protease inhibitor cocktail (Roche Applied
Science). Cell lysate (35 pg) was loaded into each lane,
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, and electroblotted onto PVDF mem-
branes (Hybond-P; Amersham, United States). After being
blocked with 5% nonfat milk and 0.1% Tween-20 in TBS,
the membranes were incubated with primary rabbit anti-
XAF1 (1:1000; OriGene Technologies). Rabbit anti-actin
(Beyotime Biotech., China) was used as a loading control.
The blots were visualized using enhanced chemilumines-
cence (Pierce Bioscience, Rockford, I1., United States).

Statistical analysis
Statistical analysis was carried out using the ZZ test and
Fisher’s exact test. The relationship between methylation
status and clinicopathological data was carried out using
multiple logistic regression. P < 0.05 was considered sta-
tistically significant.

RESULTS

XAF1 promoter methylation status in esophageal cancer
To ascertain whether the XAF1 promoter methylation
status was associated with esophageal carcinogenesis,
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Figure 2 Western blotting analysis of X chromosome-linked inhibitor of
apoptosis-associated factor 1 protein expression in the KYSE30 cell line
before and after treatment with 2 mol/L 5-aza-deoxycytidine (+) for 96 h.
XAF1: X chromosome-linked inhibitor of apoptosis-associated factor 1.

MSP was performed on nine cases of normal esophageal
mucosa, 72 samples taken from patients with esophageal
cancer, and 72 paired adjacent normal tissue samples. All
nine cases of normal esophageal mucosa were unmethyl-
ated; 54 of 72 (75%) samples taken from patients with
esophageal cancer were methylated; and 25 of 72 (34.7%)
matched adjacent normal tissues were methylated (y” =
23.5840, P = 0.000; Figure 1B). These results suggest that
methylation of the XAF1 promoter region is a potential
carly detection marker of esophageal cancer.

XAF1 promoter methylation and XAF1 expression in
esophageal cancer cell lines

To determine whether XAF1 is a tumor suppressor in
esophageal cancer tumorigenesis, XAF1 expression levels
were detected with semi-quantitative RT-PCR and West-
ern blotting. The mRNA level of XAF1 was detectable
only in the TE3 cell line, and no expression was detected
in the KYSE30, KYSE70 or BIC1 cell lines (Figure 1A).
Protein expression was not observed in the KYSE30 cell
line before treatment with 5-aza-dc (Figure 2). To exam-
ine if these findings were due to promoter region methyl-
ation of XAF1, the methylation status of XAF1 was ana-
lyzed in these cells lines with MSP. XAF1 was completely
methylated in the KYSE30, KYSE70 and BIC1 cell lines
and partially methylated in TE3 cells (Figure 1B).

To demonstrate further whether XAF1 expression was
restored with promoter region methylation, these cell lines
were treated with 5-aza-dc. As shown in Figure 1, XAF1
was expressed in KYSE30, KYSE70 and BIC1 cells after
5-aza-dc treatment, and we detected protein expression
in KYSE30 after treatment with 5-aza-dc (Figure 2), sug-
gesting that XAF1 expression was regulated by promoter
region methylation in esophageal cancer.

Correlation of XAF1 expression and methylation status
in esophageal cancer tissue

To explore the expression of XAF1, immunohistochem-
istry was performed on 32 cases of esophageal cancer
and adjacent tissue paraffin samples. XAF1 expression
was found in the nucleus and cytoplasm as previously re-
ported"”). XAF1 staining was found in 50% (16/32) of
adjacent tissue samples and only in 25% (8/32) of cancer
tissue samples (;(2 = 9.143, P = 0.002). Reduced expres-
sion of XAF1 was found in cancer tissues as compared
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with the adjacent tissue samples (Figure 3).

We then analyzed the relationship between the meth-
ylation status and expression of XAF1 in 32 esophageal
cancer samples. Twenty-four esophageal cancer samples
(24/32, 75.00%) were methylated, and eight esophageal
cancer tissue (8/32, 25.00%) were unmethylated. XAF1
staining was found in six samples (6/8, 75.00%) of un-
methylated esophageal cancer tissue and two samples
(2/24, 8.33%) of methylated esophageal cancer tissue.
XAF1 staining was inversely correlated with XAF1 pro-
moter region methylation (Fisher’s exact test, P = 0.004).

Correlation of XAF1 methylation status with
clinicopathological factors

Regarding methylation status and clinicopathological data,
we found no significant differences in sex, age, tumor size,
tumor stage, or metastasis with respect to the methylation
status of XAF1 for the 72 primary esophageal cancer pa-
tients (Table 1).

DISCUSSION

The development of cancer is influenced by many factors
and many genes and progresses through many stagesm.
In some ways, cancer is considered an epigenetic disease
as well as a genetic disease. Epigenetics is the inheritance
of information based on gene expression levels, whereas
genetics refers to information transmitted according to
the gene sequence. Epigenetic changes may lead to chro-
mosomal instability, activation of parasitic endogenous
sequences, loss of imprinting, illegitimate expression,
aneuploidy, and mutations, and it may contribute to the
transcriptional silencing of tumor suppressor genesm]. In

the human genome, CpG dinucleotides are inconsonantly
distributed, resulting in CpG-rich regions™. The main
epigenetic modification is aberrant CpG island methyla-
tion, which is tissue-specific but not species-specific.
Methylation affects many pathways in cellular networks,
such as the cell cycle and apoptosism].

In life and death decisions at the cellular level, there
is a balance between pro- and antiapoptotic factors, and
a variety of pathological conditions such as cancer and
autoimmune and neurodegenerative diseases can result
from disruption of this balance'. Apoptosis is crucial for
eliminating defective or potentially dangerous cells and
provides a defense against malignant transformation and
autoimmunity" . TAPs are a new family of intrinsic cell
death proteins that work as endogenous caspase inhibi-
tors and participate in cell cycle regulation and modula-
tion of receptor-mediated signal transduction. A recent
study has reported that the level of XIAP mRNA is
relatively high in many human cancers, suggesting that
XIAP is one of the most potent and versatile inhibitors
of caspases and apoptosis“5J

XAFT1 has been previously identified as a binding part-
ner of XIAP. In contrast to Smac/DIABLO and HtrA2,
which promote caspase activation, XAF1 reverses XIAP-
mediated inhibition of caspase-3 activity. Furthermore,
XAF1 induces cell cycle arrest during G2/M phase and
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Figure 3 Immunohistochemistry analysis of X chromosome-linked inhibi-
tor of apoptosis-associated factor 1 in esophageal cancer tissue and
adjacent tissue. Esophageal cancer and adjacent normal tissue samples
were immunohistologically analyzed with anti-X chromosome-linked inhibitor of
apoptosis-associated factor 1 (XAF1) (1:200 dilution; x 400). A: XAF1 was not
detected in esophageal cancer tissue; B: XAF1 was localized in the nucleus
and cytoplasm in adjacent normal esophageal tissue.

mitotic catastrophe, and the restoration of XAF1 expres-
sion induces cancer cell apoptosis and inhibits tumor
growth in many types of human cancers”. XAF1 is ubiq-
uitously expressed in all normal adult and fetal tissues but
is drastically decreased in many cancer cell lines"". Loss
of XAF1 expression is associated with methylation in its
promoter region in many cancers. For example, XAF1 is
present at very low or undetectable levels in gastric cancet,
colorectal cancer!™ | and cervical carcinoma™.

In this study, we found that XAF1 was frequently
methylated in esophageal cancer. Moreover, expression
of XAF1 was inversely correlated with its methylation
status. XAF1 was methylated in three esophageal cancer
cell lines and 54 samples of esophageal cancer tissue.
XAF1 methylation resulted in loss of expression in
esophageal cancer cell lines, and the expression of XAF1
was restored in KYSE30, KYSE70 and BIC1 cells after
treatment with 5-aza-dc. Furthermotre, we observed the
expression of XAF1 in the methylated cell line KYSE30
after treatment with 5-aza-dc. The results indicated that
promoter region methylation regulated the expression of
XAF1. XAF1 was frequently methylated in esophageal
cancer tissue (75%) but was methylated only in 34.7%
of matched adjacent normal tissues and not at all in
normal esophageal mucosa, indicating that promoter
region methylation of XAF1 was likely to be related to
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Table 1 Clinicopathological characteristicc and XAF1 meth-

ylation status of 40 patients with esophageal cancer 7 (%)

Clinical parameter »n XAF1 methylation status P value
Methylated Unmethylated (7 test)
n = 30 (75%) n = 10 (25%)
Age (yr)
<65 40 30 (75) 10 (25) 1.0
=65 32 24 (75) 8 (25)
Gender
Male 53 40 (75.5) 13 (24.5) 0.8773
Female 19 14 (73.7) 5 (26.3)
Tumor size (cm)
<5 48 33 (68.8) 15 (31.2)
=5 24 21 (87.5) 3 (12.5) 0.0833
Tumor stage
I 12 6 (50.0) 6 (50.0) 0.081
i 21 17 (81.0) 4(19.0)
m 6 6 (100.0) 0 (0)
Y 1 1 (100) 0 (0)
Metastasis
Negative 45 33 (73.3) 12 (26.7) 0.6733
Positive 27 21 (77.8) 6 (22.2)

In this 72 patients, only 32 cases with tumor stage history.

esophageal carcinogenesis. In addition, XAF1 protein
expression was decreased in cancer tissues as compared
with adjacent normal samples, and low expression of
XAF1 was significantly correlated with promoter region
methylation. XAF1 expression and promoter region
methylation status have been reported to be useful for
identifying poorly differentiated cancer or patients with a
poor disease outcome! >,

XAF1 is frequently methylated in esophageal cancer,
and XAF1 expression is regulated by promoter region
methylation. The loss of XAF1 expression may play an
important role in tumor growth, and methylation of
XAF1 may serve as an eatly detection marker for esopha-
geal cancer.

COMMENTS

Background

Esophageal cancer is the eighth most common cancer worldwide. The inci-
dence of esophageal cancer has increased rapidly in the past 20 years. Esoph-
ageal squamous cell carcinoma (ESCC) is the main type of esophageal cancer.
It is highly invasive, rapidly metastatic, and results in a poor postoperative
quality of life. The mechanisms contributing to ESCC carcinogenesis are poorly
understood. Recent studies showed that aberrant promoter DNA methylation
contributes to gene silencing and may participate in the carcinogenesis of hu-
man cancer. X chromosome-linked inhibitor of apoptosis (XIAP)-associated fac-
tor 1 (XAF1) is a new candidate tumor suppressor gene. Recent studies have
suggested that loss of XAF1 expression may occur in different human cancers
because of aberrant DNA methylation. However, the relationship between the
expression level of XAF1 and the methylation status of XAF1 in esophageal
cancer has not been demonstrated.

Research frontiers

XAF1 is a new candidate tumor suppressor gene. Recent studies have sug-
gested that loss of XAF1 expression may occur in human gastric cancer, colon
cancer and urogenital malignancies because of aberrant DNA methylation.
However, the relationship between expression level of XAF1 and methylation
status of XAF1 in esophageal cancer has not been demonstrated. In this study,
the authors demonstrated that expression level of XAF1 was inversely corre-
lated with methylation status of XAF1, and XAF1 expression was regulated by
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promoter region methylation.

Innovations and breakthroughs

Recent reports have highlighted that the loss of XAF1 expression or downregu-
lation of XAF1 expression may occur in different human cancers because of
aberrant DNA methylation. This is the first study to report that XAF1 is also loss
of expression because of aberrant DNA methylation in esophageal cancer.

Applications

By understanding the relationship between loss of XAF1 expression and meth-
ylation status of XAF1 in esophageal cancer, and by inducing its expression
with 5-aza-deoxycytidine, this study may represent a future strategy for thera-
peutic intervention in the treatment of patients with esophageal cancer.
Terminology

Inhibiters of apoptosis (IAPs) are antiapoptotic factors in cancer cells that
render cells resistant to apoptosis by inhibition of core death executioners,
the caspases, or by neutralizing antagonists. In the IAP family, XIAP has been
recognized as the most versatile caspase inhibitor. In many models of cancer,
XIAP is overexpressed. XAF1 is one of the antagonists that has been identified
as a mediator of XIAP by rescuing XIAP-suppressed caspase activity. XAF1 is
a new candidate tumor suppressor gene. Recent studies have suggested that
loss of XAF1 expression may occur in different human cancers because of ab-
errant DNA methylation.

Peer review

The study is very interesting and throws light on future studies and confirms
increased methylation of XAF1 in squamous cell carcinoma.
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