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Abstract

AIM: To investigate the expression and methylation
status of the secreted frizzled-related protein 2 (SFRP2)
in esophageal squamous cell carcinoma (ESCC) and ex-
plore its role in ESCC carcinogenesis.

METHODS: Seven ESCC cell lines (KYSE 30, KYSE150,
KYSE410, KYSE510, EC109, EC9706 and TE-1) and one
immortalized human esophageal epithelial cell line (Het-
1A), 20 ESCC tissue samples and 20 paired adjacent
non-tumor esophageal epithelial tissues were analyzed
in this study. Reverse-transcription polymerase chain
reaction (RT-PCR) was employed to investigate the
expression of SFRP2 in cell lines, primary ESCC tumor
tissue, and paired adjacent normal tissue. Methylation
status was evaluated by methylation-specific PCR and
bisulfite sequencing. The correlation between expres-
sion and promoter methylation of the SFRP2Z gene was
confirmed with treatment of 5-aza-2’-deoxycytidine.
To assess the potential role of SFRP2 in ESCC, we es-
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tablished stable SFRP2-transfected cells and examined
them with regard to cell proliferation, colony formation,
apoptosis and cell cycle /n vivo and in vitro.

RESULTS: SFRP2 mRNA was expressed in the im-
mortalized normal esophageal epithelial cell line but
not in seven ESCC cell lines. By methylation-specific
PCR, complete methylation was detected in three cell
lines with silenced SFRP2 expression, and extensive
methylation was observed in the other four ESCC cell
lines. 5-aza-2'-deoxycytidine could restore the expres-
sion of SFRP2 mRNA in the three ESCC cell lines lack-
ing SFRP2 expression. SFRP2 mRNA expression was
obviously lower in primary ESCC tissue than in adjacent
normal tissue (0.939 + 0.398 vs 1.51 + 0.399, P <
0.01). SFRP2 methylation was higher in tumor tissue
than in paired normal tissue (95% vs 65%, P < 0.05).
The DNA methylation status of the SFRP2 correlated
inversely with the SFRP2 expression. To assess the
potential role of SFRP2 in ESCC, we established stable
SFRP2 transfectants and control counterparts by in-
troducing pcDNA3.1/v5 hisA -SFRP2 or pcDNA3.1/v5
hisA -empty vector into KYSE30 cells lacking SFRP2
expression. After transfection, the forced-expression of
SFRP2 was confirmed by the RT-PCR. In comparison
with the control groups, stably-expressed SFRP2 in
KYSE 30 cells significantly reduced colony formation /n
vitro (47.17% + 15.61% vs 17% % 3.6%, P = 0.031)
and tumor growth in nude mice (917.86 + 249.35 mm’
vs 337.23 £ 124.43 mm’, P < 0.05). Using flow cytom-
etry analysis, we found a significantly higher number
of early apoptotic cells in SFRP2-transfected cells than
in the control cells (P = 0.025). The mean cell nhumber
in the S and G2-M phases of the cell cycle was also
significantly lower in SFRP2-transfected KYSE30 cells
compared with mock transfected counterparts.

CONCLUSION: Silencing of SFRP2 expression through
promoter hypermethylation may be a factor in ESCC
carcinogenesis through loss of its tumor-suppressive
activity.
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INTRODUCTION

Esophageal cancer is the sixth leading cancer-related cause
of death worldwide. Although esophageal adenocarci-
noma is the most rapidly increasing cancer in Western
countries, esophageal squamous cell carcinoma (ESCC)
remains the predominant histological subtype in China'".
Despite recent improvements in its diagnosis and treat-
ment, the prognosis for patients with ESCC is still unsat-
isfactorym. Among the reasons cited for this situation are
the lack of understanding of the carcinogenic mechanism
of ESCC, and the lack of sensitive and specific molecular
markers to detect these cancers at an catly stage.

In addition to genetic changes, epigenetic modifica-
tions and in particular DNA methylation, are recognized
as common molecular alteration in human tumors. Func-
tional inactivation of tumor suppressor genes (1T5G)
through promoter methylation has been shown to be in-
volved in the pathogenesis of various cancers, including
ESccP Importantly, DNA methylation changes have
been reported to occur not only in advanced cancers, but
also in premalignant lesions™”. DNA methylation chang-
es are, therefore, potentially good early indicators for the
clinical application of sensitive cancer detection.

Aberrant promoter methylation of secreted frizzled-
related protein (SFRP) genes, a new group of tumor sup-
pressor genes, has been documented in several human
malignancies such as colorectal cancer”, gastric cancer
and hepatocellular carcinoma'””. SFRPs are a family of
secreted glycoproteins that act as negative regulators of
the Wnt signaling pathway. Every member in this fam-
ly of genes contains a frizzled-like cysteine-rich domain
through which they either interact with Wnt proteins to
prevent them from binding to Fz proteins, or form non-
functional complexes with Fz and then block the Wnt
signaling pathway' ™', As the Wnt pathway plays a crucial
role in various human carcinogenesis“s’“’], its aberrant ac-
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tivation by epigenetic inactivation of SFRPs may induce
tumorigenesis.

The aberrant hypermethylation of the SFRP2 promot-
er has been reported to be a good molecular marker in
gastric and colorectal cancer ", suggesting that SFRP2 is
a tumor suppressor. However, other reports indicate that
SFRP2 promotes tumor progression in gliornamj, renal
cancer cells® | and decreases apoptosis in breast cancer
cells”. In spite of these studies, to our knowledge there
have not yet been any reports describing the significance
of epigenetic inactivation of the SFRP2 gene in ESCC
progression and its potential as a diagnostic and thera-
peutic target. We therefore analyzed the methylation and
expression status, as well as the function, of this gene in
ESCC.

Here, we first determine SFRP2 methylation and its ex-
pression level in 7 ESCC cell lines and 20 paired primary
ESCC tissues. We then explore the functional significance
of methylation-induced silencing of SFRP2 expression in
ESCC cell lines both 7z vitro and in vivo.

MATERIALS AND METHODS

Cell lines and cell culture

A total of seven ESCC cell lines (KYSE 30, KYSE150,
KYSE410, KYSE510, EC109, EC9706 and TE-1) were
maintained in our laboratory. One human immortalized
normal esophageal epithelial cell line (Het-1A), which
was used as a “normal” control for ESCC cell lines, was
purchased from the American Type Culture Collection
(Manassas, VA, United States). ESCC cell lines were cul-
tured in RPMI 1640 (Invitrogen, Catlsbad, CA, United
States) supplemented with 10% fetal bovine serum (Hy-
clone, Logan, UT, United States) and antibiotics (100
U/mL penicillin G and 100 pg/mL streptomycin) at 5%
CO2, 37 C, and 95% humidity. Het-1A cells were cul-
tured in bronchial epithelial basal medium with growth
supplements (Clonetics, San Diego, CA, United States).

Human esophageal tissue samples

Paired specimens of human ESCC and adjacent non-
cancerous esophageal squamous epithelium (# = 20)
were obtained from patients who underwent resection
for ESCC without chemotherapy or radiation therapy at
the Beijing Friendship Hospital. Samples were stored in
liquid nitrogen. All subjects gave informed consent for
obtaining the study materials. The study was approved by
the Ethics Committee of Beijing Friendship Hospital.

RNA extraction and reverse-transcription polymerase
chain reaction

Total RNA was extracted from the 20 pairs of human
tissue and eight cell lines by Trizol reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instruc-
tions. For semi-quantitative reverse-transcription poly-
merase chain reaction (RT-PCR), 2 pg of RNA was re-
versely transcribed using Superscript Il reverse transcrip-
tase according to the manufacturer’s protocol (Invitrogen).
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Table 1 List of primer sequences

Primer Forward primer (5'-3") Reverse primer(5'-3")
RT-PCR
SFRP2 5-GATGATGACAACGACATAATGGAAACG -3’ 5-GAGTGTGCTTGGGGAACGGGAGCT-3
GAPDH 5-CCCTTCATTGACCTCAACTACATGG-3" 5-CATGGTGGTGAAGACGCCAG-3
SFRP2(CDS) 5-CCAAGCTTATGCTGCAGGGCCCTGGCTCGC-3 5-CGGAATTCCTAGCACTGCAGCTTGCGGATGCTG-3’
MSP
SFRP2-M 5-GGGTCGGAGTTTTTCGGAGTTGCGC-3’ 5-CCGCTCTCTTCGCTAAATACGACTCG-3
SFRP2-U 5 -TTTTGGGTTGGAGTTTTTTGGAGTTGTGT-3" 5-AACCCACTCTCTTCACTAAATACAACTCA-3
BSP
SFRP2 5-AAAAAGGTTAAGAAAATTTTGGT-3’ 5-AACCAAAACCCTACAACATC-3

SFRP2: Secreted frizzled-related protein 2; GAPDH: Glyceraldehyde-3-phosohate dehydrogenase; MSP: Methylation-specific.

The mRNA expression levels of the SFRP2 were de- were then cloned into the pEasy-T1 vector (Transgene, Bei-
termined by conventional RT-PCR with Taq polymerase jing, China). Eight to ten colonies were randomly chosen
(Takara, Dalian, China). Glyceraldehyde-3-phosohate and sequenced.

dehydrogenase was used as an internal control of RNA

integrity. The RT-PCR procedute consisted of 35 cycles Cloning of SFRP2 and construction of expression vector

with an annealing temperature of 56 ‘C. The primers used Expression vectors containing the human full-length cDNA
are listed in Table 1. fragment of SFRP2 were generated by PCR cloning, Prim-

ers are listed in Table 1. Amplified PCR products were
Isolation and bisulfite modification of genomic DNA cloned into pEasy-T1 vector (Transgene), and the fragments

Genomic DNA was obtained from esophageal tissues verified by sequencing, then cut using EcRI™ and HindI,
and cell lines by standard phenol-chloroform extraction. and ligated into the EmRIHF/ Hind1l sites of pcDNA3.1/
Genomic DNA was treated with sodium bisulfite using a V5-HisA vector (Invitrogen).

Zymo DNA Modification kit (Zymo Research, Orange,

CA). Bisulfite induces deamination of unmethylated cyto- Cell cycle analysis

sines, converting unmethylated CpG sites to UpG without Cell cycle analysis was carried out by flow cytometry.
modifying methylated sites. This allows their differentia- KYSE30 cells were transfected with 4 pg of pcDNA3.1/
tion by methylation-specific PCR, or sequencing, V5-HisA-SFRP2-expression vector or pcDNA3.1 V5-

HisA empty vector using Lipofectamine2000 (Invitrogen).
Demethylation with the DNA demethylating agent 5-aza- After 48 h, cells were harvested and fixed in 70% ethanol
2-deoxycytidine for 30 min. The samples were concentrated by removing
Three human ESCC cell lines (TE-1, KYSE-30 and KYSE the ethanol and treating with 10 pg/mL RNase (Roche).
-510) were treated with DNA demethylating agent 5-Aza- They were then stained with propidium iodine (Sigma)
dC by addition of fresh medium containing 5-Aza-dC (10 and analyzed for cell cycle distribution by DNA content

umol/L, Sigma) every day for 3 consecutive days. Cells analysis using flow cytometry.
were harvested for DNA and RNA extractions. Control
cells received no drug treatment. Stable clone establishment

To prepare stable cell lines re-expressing SFRP2, we tran-
Methylation-specific polymerase chain reaction sfected KYSE30 cells with the pcDNA3.1/V5-HisA-
The methylation status of the SFRP2 in esophageal tis- SFRP2 expression vector encoding SFRP2 ¢cDNA using
sues and cell lines was determined by MSP. Briefly, bisul- Lipofectamine2000 (Invitrogen), according to the manu-
fite-treated DNA was used as a template to amplify MSP facturer’s instructions. Cells transfected with pcDNA3.1
using primers specific for methylated and unmethylated V5-HisA empty vector were used as controls. Transfected
sequences of the gene. The PCR reaction was set up us- cells were selected by culturing with G418 (Merck, Darm-
ing 0.5 U hot-start Tag-polymerase (Takara) per reaction stadt, Germany) at 300 ug/mL for 1 mo. Single colonies
in a total volume of 20 pl. and run for 40 cycles with an of stable transfectants were isolated and expanded for
annealing temperature of 60 C. MSP primers are listed in further analysis.
Table 1.

Detection of apoptosis by annexin V/IFITC
Bisulfite genomic sequencing KYSE30 cells stably transfected with pcDNA3.1/V5-
For bisulfite genomic sequencing, a fragment of the SFRP2 HisA-SFRP2-expression vector or pcDNA3.1 V5-HisA
promoter CpG islands that contained 34 CpG sites was am- empty vector were harvested, washed twice in phosphate

plified from the bisulfite-treated DNA using specific prim- buffered saline (PBS) (4 C), and re-suspended in 250 uL
ers (Table 1). The PCR procedure consisted of 35 cycles binding buffer. One hundred microliters of cells from
with an annealing temperature of 54 “C. The PCR products each sample were aliquoted into FACS tubes and stained
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Figure 1 Expression and promoter methylation of secreted frizzled-related
protein 2 in esophageal squamous cell carcinoma cell lines. A: Secreted
frizzled-related protein 2 (SFRP2) mRNA expression as determined by reverse-
transcription polymerase chain reaction (RT-PCR); B: The methylation status
of the SFRP2 promoter as determined by methylation specific PCR; C: mRNA
expression of SFRP2 (determined by RT-PCR) restored after treatment with the
demethylation agent 5-Aza-dC in three esophageal squamous cell carcinoma
cell lines. M: Methylated; U: Unmethylated.

with 5 uL annexin V/FITC and 10 pL of 20 ug/mL
propidium iodine (Sigma). After gentle mixing, cells were
incubated for 15 min at room temperature in the dark.
Four hundred microliters of binding buffer was added
immediately prior to analysis by flow cytometry.

Cell proliferation assay

Stable transfected KYSE30 cells with or without SFRP2
expression vector and parental cells were selected for
measurement of cell proliferation. A quantity of 5 x 10’
cells were reseeded in 96-well plates. After incubation, the
medium was removed and 20 pl. 3-(4,5-dimethyl-thiazol-
2yl)-2,5-diphenyltetrazolium bromide (5 mg/mlL., Gibco)
was added to each well. DMSO was added and the opti-
cal density of each well was read at 490 nm. Each experi-
ment was performed in triplicate.

Colony formation assay

A quantity of 2 x 10" KYSE30 cells transfected with
cither SFRP2 expression vector or empty vector were
cultured in 60-mm plates with G418 (Merck, Darmstadt,
Germany) at 0.3 mg/mL for 4 wk in regular culture
medium. Colonies with cell numbers of more than 50
cells per colony were counted. Colonies were fixed with
methanol for 15 min and stained with Giemsa. All the
experiments were performed in triplicate wells in three
independent experiments.

In vivo tumorigenicity
Stable KYSE30 cells transfected with either the SFRP2
expression vector or empty vector cells and parental cells
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(1.5 X 10° cells in 0.2 mL PBS) were inoculated subcu-
taneously into the dorsal flank of 5-wk-old male Balb/c
nude mice. Each group was comprised of 5 mice, and all
were maintained under sterile conditions. Tumor forma-
tion was observed 2 wk later. Tumor diameter was mea-
sured every 3 d for 5 wk, and tumor volume (mm’) esti-
mated by measuring the longest and shortest diameter of
the tumor and calculating the volume as follows: volume
= (shortest diameter)” X (longest diameter) X 0.5. After
5 wk of observation, the mice were sacrificed. Tumors
were excised, measured, and weighed. Care of animals
and all experimental procedures were approved by the
Animal Ethics Committee of Beijing Friendship Hospi-
tal, and were carried out in accordance the “Guideline for
the Welfare of Animals in Experimental Neoplasia”*”,

Statistical analysis

All statistical analyses were conducted using SPSS 11.5
software (SPSS Inc, Chicago, IL, United States). Data
were expressed as the mean * SD. P values < 0.05 were
considered statistically significant. Statistical compari-
son between two groups was performed using the non-
parametric Mann-Whitney U-test or Student’s #test. For
comparison of more than three groups, we used one-way
analysis of variance, followed by Tukey’s multiple com-
parison.

RESULTS

Frequent transcriptional silencing of SFRP2 in ESCC
cell lines

We first examined mRINA expression of SFRP2 by means
of reverse-transcription-PCR in seven ESCC cell lines
(TE-1, KYSE-30, KYSE-150, KYSE-410, KYSE-510,
EC-109 and EC-9706), and one immortalized normal
esophageal epithelial cell line (Het-1A). RT-PCR showed
that the SFRP2 transcript was silenced in all seven ESCC
cell lines, but not in the immortalized normal esophageal
epithelial cell line (Het-1A) (Figure 1A). We next exam-
ined the role of promoter methylation in the silencing of
SFRP2. By methylation-specific PCR, complete methyla-
tion was detected in three cell lines with silenced SFRP2
expression, and extensive methylation was observed in
the other four silenced cell lines (Figure 1B). We analyzed
SFRP2 methylation in more detail using high-resolution
bisulfite genomic sequencing analysis. Extensive methyla-
tion was detected in three ESCC cell lines (KYSE-30,
KYSE-510 and TE-1) with silenced SFRP2 expression,
whereas no methylated CpG site was detected in the im-
mortalized normal esophageal epithelial cell lines (Het-1A)
(Figure 2).

SFRP2 reactivation in ESCC cell lines treated with
5-Aaza-dC

Since we had established that the SFRP2 mRNA expression
was related to its methylation status, we next investigated
whether DNA demethylation could restore the expres-
sion of SFRP2 mRNA in the three ESCC cell lines lacking
SFRP2 expression using 5-Aza-dC. 5-Aza-dC restored the
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Figure 2 A representative picture of bisulfite genomic sequencing in the secreted frizzled-related protein 2 gene promoter. A-293bp region with 34 CpG site
was analyzed. Each row of CpG site represents an individual allele of the secreted frizzled-related protein 2 promoter analyzed. Percentage methylation was deter-
mined as a percentage of methylated cytosine from 8 to 10 randomly sequenced colonies. Methylated and unmethylated CpG sites are indicated by black and white

circles, respectively.
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Figure 3 Expression of secreted frizzled-related protein 2 in esophageal squamous cell carcinoma and paired non-cancerous tissues. A: Reverse-
transcription polymerase chain reaction (RT-PCR) analysis of secreted frizzled-related protein 2 (SFRP2) mRNA expression in 10 primary esophageal squamous cell
carcinoma (ESCC) tissues and their adjacent non-cancerous tissues; B: The SFRP2 mRNA expression level normalized according to the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) mRNA level. Data are expressed as mean + SD. ESCC tissues vs adjacent non-tumor tissues (°P < 0.01).
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Figure 4 Effect of secreted frizzled-related protein 2 ectopic expression on cell proliferation. A: Strong secreted frizzled-related protein 2 (SFRP2) mRNA
expression in KYSE30 cells transfected with pcDNA3.1/SFRP2, but not in KYSE30 and cells transfected with the empty vector; B: SFRP2-transfected KYSE30 cells

growing significantly slower than control and parental cells (°P < 0.05).

expression of SFRP2 in all of the cell lines (Figure 1C),
further supporting the role of promoter methylation as a
primary mechanism of SFRP2 inactivation.

Expression and methylation status of the SFRP2 in
primary ESCC tumors

We determined the mRNA expression level of SFRP2 in
20 pairs of primary human ESCC tumors and adjacent
non-cancerous tissues using RT-PCR. When compared
with adjacent non-cancerous tissues, SFRP2 was found to
be clearly down-regulated in primary ESCC tumor speci-
mens (1.51 + 0.399 »s 0.939 £ 0.398, P < 0.001) (Figure
3). SFRP2 promoter methylation was observed in 95%
(19/20) of the ESCC tissues and 65% (13/20) of the
paired normal esophageal epithelial tissues, as measured
by methylation-specific PCR. The positive rate of meth-
ylation in ESCC tissue was significantly higher compared
with that in the normal control (P = 0.044). Notably, us-
ing high-resolution bisulfite genomic sequencing analysis,

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

536

no SFRP2 methylation was seen in normal esophageal
epithelium specimens (Figure 2).

SFRP2 inhibits tumor cell proliferation and induces
apoptosis

A cell proliferation assay was performed on stably trans-
fected KYSE30 cells with or without the SFRP2 expres-
sion, and on parental cells. Re-expression of SFRP2 in
the transfected KYSE30/SFRP2 cells was confirmed by
reverse-transcription PCR (Figure 4A). Cells stably ex-
pressing SFRP2 grew significantly slower than the empty
vector-transfected cells and parental cells (P < 0.05, Fig-
ure 4B). We carried out apoptosis and cell cycle analy-
sis to investigate whether SFRP2 over-expression affects
these parameters in ESCC cells. We found a significantly
higher number of early apoptotic cells in SFRP2-trans-
fected cells than in the control cells (P = 0.025, Figure
5). The mean cell number in the S and G2-M phases
of the cell cycle was also significantly lower in SFRP2-
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Figure 5 Ectopic expression of SFRP2 induces apoptosis in KYSE30 cells. A: The representative images of flow cytometry analysis; B: The data are the per-
centage of early apoptotic out of the total cell population of KYSE30 cells transfected with SFRP2 and cells with the empty vector.The early apoptotic cells in SFRP2-
transfected cells were significantly higher than that in the control cells (°P < 0.05).

Table 2 Effect of secreted frizzled-related protein 2 re-
expression on the cell cycle distribution of KYSE30 cells (%)

Groups GO0/G1 S G2/M
KYSE-30/vector 45.76 +3.74 48.64 +4.90 5.59 +5.18
KYSE-30/SFRP2 64.49 £ 6.11 30.52 +5.07 4.97 + 6.60

transfected cells, suggesting SFRP2-induced G1 arrest in
KYSE30 cells (Table 2).

SFRP2 suppresses colony formation of ESCC cell lines
Frequent silencing of SFRP2 by promoter methylation
in ESCC cell lines, but not in the immortalized normal
esophageal epithelial cell line, suggests a potential tumor-
supptressor role of this gene. To test this speculation, we
examined the effect of SFRP2 re-expression on growth
characteristics of ESCC cells using colony formation as-
says. The colonies formed by SFRP2-transfected KYSE30
cells were significantly fewer in number (47.17% * 15.61%
vs 17% % 3.6%, P = 0.031) and smaller in size than those
in control cells (Figure 6), indicating that SFRP2 has a
definite growth inhibitory effect.

SFRP2 inhibits tumor growth in nude mice

After studying the effect of SFRP2 on cell proliferation
vitro, the involvement of SFRP2 in carcinogenesis 7 vivo
was investigated. SFRP2-transfected K'YSE30 cells, con-
trol cells, and parental cells were injected into nude mice.
The tumor growth curve of stably transfected KYSE30/
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SFRP2 expression vector and KYSE30/vector control in
nude mice is shown in Figure 7. The tumor size was sig-
nificantly lower in SFRP2 transfected nude mice than in
the vector control mice (917.86 £ 249.35 mm’ s 337.23
+ 12443 mm’, P < 0.05); however, no difference was
found between the weight and volume of tumors from
parental cells and those from the control, suggesting that
SFRP2 functions as a tumor suppressor in esophageal
carcinogenesis.

DISCUSSION

The SFRPs are a group of negative modulators of the
Wnt signaling pathway, of which five members (SFRP1-5)
have been identified to date. Using microarray analysis,
we previously confirmed that the expression of SFRP2
was 3.6-fold lower in ESCC tissues than in paired non-
cancerous tissue samples, implying that down-regulation
of SFRP2 may be involved in the carcinogenesis of
ESCC. In this study, we extended our previous work on
SFRP2 to ESCC and found that SFRP2 was silenced in
seven ESCC cell lines, but not in an immortalized esoph-
ageal epithelial cell line. The silencing of expression was
linked closely to promoter methylation, as confirmed by
demethylation treatment and methylation analyses, sug-
gesting that promoter methylation is the principal regula-
tory mechanism of SFRP2 inactivation in ESCC. There
are unmethylated alleles in 4 ESCC cell lines with no
expression of SFRP2 detected by reverse-transcription
PCR, indicating the existence of other transcription regu-
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Figure 7 Secreted frizzled-related protein 2 inhibits growth of tumors derived from KYSE-30 in vivo. A: A representative picture of nude mice: at week 5 nude mice
injected with KYSE-30, KYSE-30/vector, KYSE30/SFRP2 and phosphate buffered saline; B: The tumor growth curves of nude mice. The growth of tumors derived from
the SFRP2-transfected esophageal squamous cell carcinoma cells cells were significantly slower than those from the mock-transfected cells (°P < 0.05).

latory mechanisms that repress SFRP2 expression, such
as histone remodeling or transcriptional repressors.
Similar results were found in the experiments on pri-
mary ESCC tissues and adjacent non-tumor tissues. SFRP2
was clearly down-regulated in primary ESCC tumor tis-
sues when compared to the paired non-cancerous tissues.
MSP analysis of the SFRP2 promoter revealed a higher
prevalence of CpG methylation in ESCC tissues than in
adjacent non-tumorous tissues, suggesting that aberrant
methylation of the SFRP2 promoter region is not a cell
line-specific event and is frequent in ESCC carcinogenesis.
Functional inactivation of SFRP2 by promoter meth-
ylation, which resulted in tumor cell proliferation and in-
vasion, has been confirmed in many human cancers” ",
suggesting that SFRP2 functions as a tumor suppres-
sotr. In contrast to these results, others have found that
SFRP2 reduced apoptosis and promotes tumor progres-
sion"”*!). Yamamura e a/”” found that ectopic expres-
sion of SFRP2 in renal cancer cells reduced UV-induced
apoptosis and increased the G2 phase of the cell cycle,
significantly promoting the growth of xenografts in
nude mice. However, there has been no detailed report
thus far describing the functional significance of SFRP2
in ESCC. We therefore analyzed the functional role of
SFRP2 in esophageal carcinogenesis by both z vitro and
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in vivo assays. Ectopic expression of SFRP2 in KYSE30
cells with no SFRP2 expression induced low cloning
efficacy in colony formation assay, along with reduced
tumor size in nude mice. FACScan analysis of SFRP2-re-
expressed KYSE30 cells revealed a significant decrease
in cell proliferation, and an increase in apoptotic cells.
Taken together, these results confirmed the role of
SFRP2 as a functional TSG through suppression of cell
proliferation and induction of cell apoptosis in ESCC.
Previous studies of other tumors, such as colorectal and
gastric cancer, showed that SFRP2 functioned as tumor
suppressor through attenuating the Wnt signaling path-
way""'?, When it came to ESCC in the present study, al-
though we confirmed that ectopic expression of SFRP2
significantly reduced the expression lever of c-myc and
cyclinD1, which were downstream genes of the Wnt
pathway (data not shown), further experiments such as
immunofluorescence and luciferase reporter assay are
necessary to reach a similar conclusion.

SFRP2 methylation was proven to be a highly promis-
ing predictive biomarker in many human cancers. Cheng
et al'” reported that methylated SFRP2 was detected in
66.7% of serum samples from cancer patients, but not in
normal controls and the frequency of SFRP2 hypermeth-
ylation decreased from 73.3% in gastric cancer to 37.5%
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in intestinal metaplasia and 20% in adjacent non-cancer
tissues, indicating that SFRP2methylation may have the
potential for identifying individuals at risk of further his-
tological progression. Muller ez al™ proposed SFRP2 hy-
permethylation as a sensitive marker able to detect 77%-90%
of colorectal cancers (CRC); Huang ¢z a/' reported that
methylated SFRP2 occurred in 94.2%, 52.4%, 37.5% and
16.7% of patients with CRC, adenoma, hyperplastic pol-
yp, and ulcerative colitis, respectively. However, the clinical
impact of SFRP2 hypermethylation in ESCC is unknown.
Further studies of clinical correlation of SFRP2 methyla-
tion are required to answer this question.

In summary, we have presented the first convincing
evidence that the epigenetic silencing of SFRP2 is a fre-
quent event in human ESCC, and that SFRP2 is a potent
TSG with key roles in suppressing cell proliferation and
inducing apoptosis in the development of esophageal can-
cet. Further studies should be conducted to assess wheth-
er SFRP2 methylation might serve as a useful bio-marker
for early detection and a potential target for treatment of
esophageal carcinoma through reversal of SFRP2 inacti-
vation by demethylating agents.
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Background

Esophageal squamous cell carcinoma (ESCC) is one of the most frequent
malignant neoplasms in China. Although the exact mechanisms remain unclear,
several studies have indicated that functional inactivation of tumor suppressor
genes (TSG) through promoter methylation were involved in the pathogenesis
of ESCC. Secreted frizzled-related protein 2 (SFRP2) promoter methylation
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