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RASSF10 is an epigenetically silenced
tumor suppressor in gastric cancer
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Abstract. To better understand the role of the N-Terminal Ras
association domain family (RASSF) genes in the development
of gastric cancer, we examined the expression of RASSF7
and RASSF10 and RASSF10 methylation in gastric cancer.
We found that RASSF10 expression was lost in six gastric
cancer cell lines, and was rescued by a DNA demethylating
agent and a histone deacetylase inhibitor. However, RASSF7
expression was strong in four cancer cell lines as well as in
87% of primary gastric cancer tissues. In contrast, RASSF7
expression was moderate in the GES-1 cell line and negative
in 33.3% of the corresponding non-cancerous tissues. Analysis
of RASSFI10 methylation by methylation-specific PCR (MSP)
and sequencing revealed that the methylation frequency in
primary gastric carcinoma tissues was significantly higher
compared to that in adjacent non-carcinoma tissues (61.6
vs. 38.4%; P<0.01). The methylation frequency in the tumor
with invasion depth at T3 and T4 was significantly higher
compared to that with invasion depth at T1 and T2 (67.1 vs.
37.5%; P<0.05). Hypermethylation of RASSF10 was found in
the patients with lymph node metastasis, compared to those
with unaffected lymph nodes (68.8 vs. 40.9%; P<0.05). Among
the 4 gross types of the Borrmann classification, i.e. EGC,
Borrmann I, Borrmann II, Borrmann III and Borrmann IV,
the last one was more frequently methylated (85.7 vs. 56.9%;
P<0.05). The present study revealed that RASSF10 is an
epigenetically silenced gene involved in tumor invasion and
metastasis in gastric cancer, suggesting that the methylation
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status of RASSF10 may be a useful indicator to predict the
malignant degree of gastric cancer.

Introduction

Despite the overall decreasing rates of incidence and
mortality, gastric cancer remains the second most common
cause of cancer-related mortality worldwide (1). Currently,
prognosis of patients with gastric cancer remains dismal, as
patients are often at advanced stages of the disease at diag-
nosis. This emphasizes the need for novel biomarkers for
early diagnosis and more accurate prognosis of gastric cancer.
Hypermethylation is an important mechanism underlying
inactivation of tumor suppressor genes (TSGs), and has been
recognized as one of the most important markers for the iden-
tification of novel TSGs and detection of cancer and prediction
of prognosis (2-4). Several TSGs including hMLHI1, P16,
MGMT, APC and Ras association domain family 1 isoform
A (RASSFI1A) have frequently been reported in gastric
cancer (5-9). The identification of novel TSGs that are silenced
by tumor-specific methylation in gastric cancer will consider-
ably improve the molecular diagnosis for gastric cancer.

RASSF family members including RASSF1-6 contain
C-terminal RA (of the RalGDS/AF-6 variety) and Sav/RASSF/
Hippo (SARAH) interaction domains. Several RASSF genes
that encode prominent tumor suppressors are frequently epige-
netically silenced in various types of cancer. The silenced
genes are involved in cell death regulation, cell cycle control
and microtubule stability (10).

Recently, four other proteins were added to the RASSF
family and renamed RASSF7-10; they are divergent and
structurally distinct from RASSF1-6, as they contain an RA
domain in the N-terminal but lack the SARAH domain (11).
These N-terminal RASSF proteins represent a new group of
potential Ras effectors, which have important biological func-
tions (12). RASSF7 plays an essential role in the regulation of
microtube organization and mitotic progression (11,13), and is
upregulated in several types of cancer (14-16). Expression of
RASSF7 could also be upregulated by hypoxia (17,18). Upon
stress, RASSF7/N-Ras could promote cell survival through
the inhibition of mitogen-activated protein kinase kinase 7
(MKK7)/c-Jun N-terminal kinase (JNK) mediated signaling
pathway. However, with prolonged stress, the RASSF7 protein
is degraded so as to allow cell death signaling pathways to be
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activated (19). Although there is currently no direct evidence
to support that expression of RASSF7 promotes tumor
formation, the evidence indicates that RASSF7 may act as
an oncogene in tumorigenesis. RASSFS, another NT-RASSF
member identified as a tumor suppressor in lung adenocar-
cinoma and male germ cell tumor, plays an important role
in suppressing tumor metastasis by regulating the Wnt and
NF-«xB signaling pathways (20-22). Notably, RASSF7 and
RASSFS have been shown to be required for necroptosis, a
regulated form of necrosis distinct from apoptosis, in mice
(23). RASSFI10 contains two isoforms, known as long form
(RASSF10-LF) and short form (RASSF10-SF), according
to different transcription initiation sites (TIS) as described
in Fig. 1A. RASSFI10 has also been identified as a candidate
TSG and is frequently downregulated by DNA hypermeth-
ylation in human cancers (24-27). Direct evidence obtained
from a glioma study confirmed the role of RASSF10 in the
suppression of tumor growth and cell proliferation (26). It was
shown that frequent hypermethylation of RASSF10 promoter
was associated with tumor metastasis (25,27), and RASSF10
methylation is an independent prognostic factor associated
with poor progression-free survival and overall survival.
RASSF10 methylation occurred in early stages of secondary
glioblastoma development (26), suggesting that tumor-specific
methylation of RASSF10 might act as valuable biomarkers for
the detection of cancer and the prediction of prognosis.

To date, whether RASSF10 is downregulated through DNA
methylation in gastric cancer remains unknown. Therefore, in
the present study, we examined the expression of both RASSF7
and RASSFI10 in gastric cancer and performed a compara-
tive analysis of RASSF7 and RASSFI10 expression. We also
evaluated the status of RASSF10 methylation in gastric cancer,
using both methylation-specific PCR (MSP) and sequencing,
and analyzed the correlation between RASSF10 methylation
with clinicopathological changes.

Materials and methods

Tissues and cell lines. Tumor specimens including 86 of gastric
cancer, 1 of pancreatic cancer and 1 of rectal cancer were
obtained from patients with gastric carcinoma who underwent
surgery at the Cancer Institute, China Medical University. All
samples used for methylation analysis included carcinoma
and adjacent non-carcinoma tissues. An additional 54 pairs
of primary gastric carcinoma and adjacent non-carcinoma
tissues were used for expression analysis. Six gastric cancer
cell lines, SGC7901, BGC823, MGC803, AGS, MKN45 and
HGC?27, and one normal gastric mucosa cell line, GES-1, were
obtained from the Institute of Biochemistry and Cell Biology,
China Academy of Science, Shanghai, China. Cells were
maintained in RPMI-1640 medium (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (FBS) at
37°C with 5% CO, and 95% humidity, as recommended.

RT-PCR and quantitative real-time PCR. Total RNA was
isolated using TRIzol reagent (Invitrogen) from the cultured
cells and 54 pairs of gastric carcinoma and adjacent non-
carcinoma tissues for RT-PCR. To determine the methylation
status of RASSF10 in gastric cancer, the MKN45 cell line was
selected as a model, and was treated with DNA demethylating
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agent 5-aza-2'-deoxycytidine (5-Aza-dC) (Sigma, St. Louis,
MO, USA) and histone deacetylase inhibitor trichostatin A
(TSA) (Sigma). The treatments were divided into 5 groups:
i) control, ii) 5-Aza-dC alone (5 gmol/l), iii) 5-Aza-dC alone
(10 gmol/1),iv) TSA alone (0.3 gmol/l), and v) combination of
5-Aza-dC (5 umol/l) and TSA (0.3 gmol/l). Cells were treated
for 72 h and the medium containing 5-Aza-dC in groups ii,
iii and v was changed every 24 h. In group v, 5-Aza-dC was
used for 48 h, followed by TSA treatment for an additional
24 h, while in group iv, cells were treated with TSA only for
24 h. After treatment, cells were harvested for RNA extrac-
tion. To eliminate DNA contamination, 1 g of total RNA
was incubated in a volume of total 10 xl with 1U DNase I
(Fermentas, Burlington, ON, Canada) in 1 I 10X DNase I
buffer. After a 30-min incubation at 37°C, DNase I was inac-
tivated by adding 1 pl of 25 mmol/l EDTA and incubated at
65°C for an additional 15 min. Reverse transcription reaction
was performed with PrimeScript™ RT reagent kit (Takara,
Beijing, China) using 500 ng RNA from the above prepared
RNA sample. The mRNA expression of RASSF10 in a total
of seven cell lines was determined by quantitative real-time
RT-PCR with SYBR® Premix Ex Taq™ II (Takara). GAPDH
was used as an internal control of RNA integrity and relative
mRNA levels were assessed using the 2°22“T method as previ-
ously described (28). To compare the expression of RASSF7
and RASSF10, the cDNA of 7 cell lines and 54 pairs of
carcinoma and adjacent non-carcinoma tissues was used for
conventional RT-PCR, and PCR products were separated
by 2% agarose gel. The PCR reaction was performed with
appropriate primers for RASSF10 (primer c-d) (24), RASSF7
and GAPDH as shown in Table I. All samples were submitted
to PCR in a total 50 ul of reaction mixture, containing 5 pul
of 10X buffer, 5 ul of ANTP, 0.25 ul of Dream Taq DNA
polymerase (5 U/ul) (Fermentas), 1.0 ul each of the sense and
antisense primers, 2.0 ul of cDNA and 35.75 ul of double-
distilled water. Reaction conditions were: pre-denaturation
at 95°C for 5 min, followed by 35 cycles of 95°C for 30 sec,
58°C for 30 sec, 72°C for 30 sec and final extension at 72°C
for 10 min.

RT-PCR with primer a-b. To determine the isoform of
RASSF10 expression, we designed one pair of primers in the
consensus region of subtypes (primer c-d), according to the
difference between RASSF-LF and RASSF-SF in mRNA, for
which detailed information is shown in Fig. 1A. To confirm
the expression of RASSF10, we used another pair of primers,
in which the forward primer was at the intron and the reverse
primer was at the consensus region (primer a-b; Fig. 1A,
Table I). The primers were verified using the cDNA from
GES-1 cells as PCR template.

DNA extraction and sodium bisulfite modification. Genomic
DNA was extracted from frozen tissues and cultured cells
by the standard phenol/chloroform procedure. Bisulphate
modification was performed as previously described. Briefly,
2 ug of genomic DNA in a volume of 50 yl was denatured by
NaOH (final concentration, 0.2 mol/l) for 30 min at 42°C. The
denatured DNA samples were treated with freshly prepared
30 pl of hydroquinone (10 mmol/l) (Sigma) and 520 pl of
sodium bisulphate (3.9 mol/l; pH 5.0) (Sigma) at 55°C for 16 h,
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Table I. Primers for RT-PCR and methylation-specific PCR.

1663

Sequence

Product length (bp)

RASSFI10 (primer c-d)

F: 5'-CCATGACCCAGGAGAAACAG-3'

R: 5'-TGCTGGCGAATTGTGTGGTC-3' 226
RASSF10 (primer a-b) F: 5-GGGAACAGGGCTAGTGCAG-3'

R: 5-TCTCTTCCTGGCAGATCCAC-3' 183
RASSF7 F: 5“AAGTGGTCATCGCACTAGCC-3'

R: 5-TCAGGACAAACTGGACATCG-3' 159
RASSF10-M F: 5-GGGTATTTTGGGTAGAGTTAGAGC-3'

R: 5'-AAACAAACTAAAAAACGACTACGAC-3' 126
RASSF10-U F: 5'-GGGTATTTTGGGTAGAGTTAGAGTG-3'

R: 5'-AAACAAACTAAAAAACAACTACAAC-3' 126
GAPDH F: 5-CATGAGAAGTATGACAACAGCCT-3'

R: 5'-AGTCCTTCCACGATACCAAAGT-3' 113
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Figure 1. Characteristics of RASSF10. (A) Schematic model of long form (LF) and short form (SF). Arrows mark the two putative transcription initiation sites
(TIS) which code RASSF-LF (grey boxes) and RASSF10-SF (striped box) respectively. ‘a’ and ‘b’ represent the forward and reverse sites of primer a-b used for
RT-PCR. ‘¢’ and ‘d’ represent the forward and reverse sites of primer c-d. (B) The RASSF10 gene contains a large CpG island, which spans across the promoter
and coding region. Arrows mark the TIS of RASSF-SF and the primer sites for methylation-specific PCR (MSP) in the present study.

followed by a stop reaction using NaOH (final concentration,
0.3 mol/l) at room temperature for 5 min. Finally, modified
DNA was recovered using Wizard DNA Clean-Up System
(Promega, Madison, WI, USA), according to the manufac-
turer's instructions and precipitated using a combination of
glycogen, ammonium acetate and ethanol, followed by a wash
using 70% ethanol. The pellet of recovered DNA was resus-
pended in 15 pl TE buffer.

MSP. The methylation status of RASSF10 was determined by
MSP using bisulfite-converted DNA as template. Total reac-
tion mixture volume was 50 ul, containing 5 pl of 10X buffer,
5 ul of ANTP, 0.25 ul of Dream Taq DNA polymerase (5 U/ul)
(Fermentas), 1 ul each of the sense and antisense primers,
2.0 ul of DNA and 35.75 ul of double-distilled water. Reaction
conditions were: pre-denaturation at 95°C for 5 min, followed
by 40 cycles of 95°C for 30 sec, 56°C for 30 sec, 72°C for
30 sec, followed by a final extension at 72°C for 10 min. The

annealing temperature of methylated and unmethylated reac-
tion was at 56°C. The methyltransferase SssI (New England
Biolabs, Ipswich, MA, USA)-treated and untreated cord blood
cells from newborn were used as a positive control for methyla-
tion or unmethylation, respectively. Double-distilled water was
used as the blank control. Methylation-specific (RASSF10-M)
and unmethylation-specific (RASSF10-U) primers are listed
in Table I. The size of methylation and unmethylation PCR
products was 126 bp, from the region -120 to +6 relative to
the TIS of RASSF10-SF. MSP products were verified by 2%
agarose gel. The accuracy of the verified MSP products was
confirmed by sequencing.

Statistical analysis. Statistical analysis was carried out using
SPSS 13.0 software. Correlation of DNA methylation and clin-
icopathological parameters was assessed using the Chi-square
test. All reported P-values were two-sided and a P-value <0.05
was considered to indicate a statistically significant difference.
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Figure 2. Expression of RASSF7 and RASSFI10 in gastric cancer. (A) RASSF10 expression was determined by quantitative real-time PCR. GAPDH was
used to normalize the RASSF10 expression. GES-1 was used as the reference. (B) Comparison of RASSF7 and RASSF10 expression in GES-1 and 6 gastric
cancer cell lines. As control, RNA integrity was determined based on GAPDH expression and template was replaced by water for blank control. PCR products
were separated on 2% gel. (C) RASSF7 expression in gastric cancer tissues and corresponding non-cancerous tissues. N, adjacent non-carcinoma tissue;
T, carcinoma tissue. (D) cDNA amplification for GES-1 cells with primer c-d and primer a-b. The lanes 1, 2 and 3 represent different templates: GES-1 DNA,
c¢DNA and H,0, respectively. (E) Effect of de-methylating agent on RASSF10 expression in MKN45. The treatment dose was 5-Aza-dC alone (5 or 10 M),
TSA alone (0.3 M) and combination of 5-Aza-dC (5 uM) and TSA (0.3 uM). Re-expression was measured by quantitative real-time PCR. The untreated group
was used as the reference. GAPDH was also used as an internal control of RNA integrity. (F) Comparison of RASSF10 methylation status between untreated

and combinatorial treatment groups. U, unmethylation; M, methylation.

Results

Expression of RASSF7 and RASSF10 in gastric cancer. To
evaluate the expression of N-terminal RASSF genes in gastric
cancer, the mRNA level of RASSFI10 in gastric cancer cell
lines was examined by quantitative real-time RT-PCR. The
results showed that RASSF10 was strongly expressed in
GES-1 cells, while its expression was downregulated in 6
gastric cancer cell lines (Fig. 2A). By contrast, the RASSF7
expression was strong in MKN45, HGC27, BGC823 and AGS,
but moderate in GES-1, SGC7901 and MGCB803 (Fig. 2B). In
addition, 87% (47/54) of primary gastric cancer tissues exhib-
ited positive RASSF7 expression, whereas 66.7% (36/54) of
corresponding non-cancerous tissues had positive RASSF7
expression (P<0.05) (Fig. 2C; Table II). However, the RASSF10
expression in both carcinoma and non-carcinoma tissues was
below detectable levels (data not shown). Next, to determine
the isoform of RASSF10, we used primer a-b to identify the
isoform of the expressed RASSF10 in GES-1 cells. The results
indicated that the positive samples detected using the primer
c-d were the same as those detected with the primer a-b in
GES-1 cells (Fig. 2D).

Table II. Statistical analysis of RASSF7 expression between
carcinoma tissues and adjacent non-carcinoma tissues.

RASSF7 expression

Patient

()

Positive Negative

(%) (%)  P-value

36 (66.7) 18 (33.3) <0.05
47 (87.0) 7(13.0)

Non-carcinoma tissue 54
Carcinoma tissue 54

Upregulation of RASSF 10 expression after 5-Aza-dC and TSA
treatment. To confirm promoter hypermethylation-mediated
RASSFI10 silencing in gastric cancer, MKN45, a cell line
negative for RASSF10 was selected as a model for the re-acti-
vation study. After treatment with DNA demethylating agent
and histone deacetylase inhibitor, re-expression of RASSF10
was analyzed using quantitative real-time PCR. The result
confirmed that the hypermethylation of RASSF10 promoter
occurred in MKN45 cells. Re-expression of RASSF10 was
induced after treatment of 5-Aza-dC and TSA (Fig. 2E).
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Figure 3. Methylation status of RASSF10 promoter. (A) The methylation status of RASSF10 in GES-1 and 6 gastric cancer cell lines determined by methyla-
tion-specific PCR (MSP). U, unmethylation; M, hypermethylation; UP, unmethylation in positive control cells; MP, methylation in positive control cells; H,O,
blank control. (B) The methylation status of RASSF10 in specimens of primary gastric cancer, pancreatic cancer (1 case) and rectal cancer (1 case). N, adjacent
non-carcinoma tissue; T, carcinoma tissue; P, partial methylation. (C-E) The sequencing results of MSP products for GES-1 and SGC7901 cells. The underline
marks the CpG sites in original template DNA. The sequenced products were from -66 to +6 relative to the transcription initiation site of RASSF10-SF.

Furthermore, the re-expression level of RASSF10 induced
by the combination of 5-Aza-dC and TSA was much higher
than that induced by 5-Aza-dC alone or TSA alone, even at
the same concentration. Meanwhile, the MSP results showed
that both unmethylated and methylated bands existed in the
combined treated cells, but unmethylated band did not appear
in the control cells (untreated), suggesting that the methylation
status of RASSF10 promoter was partially changed after the
treatment in MKN45 (Fig. 2F).

Promoter hypermethylation of RASSF10 in gastric cancer.
A typical CpG island (CGI) was found in the region of the
RASSFI10 gene as shown in Fig. 1B, according to the following
criteria: GC content >55%, ObsCpG/ExpCpG>0.65, and length
>500 bp (http:/www.urogene.org/methprimer/index1.html). In
the present study, we examined the methylation status of this
CGl in gastric cancer by MSP. As shown in Fig. 3A, RASSF10
hypermethylation was detected in all 6 gastric cancer cell
lines, but in the GES-1 cell line, only partial methylation was
found. To verify our finding from the cell lines, we analyzed
the methylation status of RASSF10 promoter in 86 paired
samples of primary tissues of gastric carcinoma and adjacent
non-carcinoma, 1 sample of pancreatic cancer and 1 sample of
rectal cancer (Fig. 3B). To confirm the sufficiency of sodium
bisulfite modification, both unmethylated and methylated PCR
products of GES-1 (GES-1-U and GES-1-M, respectively) and
methylated product of SGC7901 (SGC7901-M) were sent for
sequencing and the results are shown in Fig. 3C-E. The present
study showed that hypermethylation of RASSF10 promoter was
detected in 61.6% (53/86) of gastric tumor tissues (Table I1I),
and the rest were partial or unmethylated. By contrast, the ratio

Table III. Statistical analysis of RASSF10 methylation status
between adjacent non-carcinoma tissues and carcinoma tissues.

RASSF10
methylation
status
Patient  U+P M
(n) (%) (%) P-value
Non-carcinoma tissue 86 53(61.6) 33(384) <0.01

Carcinoma tissue 86 33 (384) 53(61.6)

U, unmethylation; P, partial methylation; M, hypermethylation.

of hypermethylation was only 38.4% (33/86) in the adjacent
non-carcinoma tissues. Statistical analysis revealed a signifi-
cant increase of the ratio of RASSF10 hypermethylation in
gastric carcinoma tissues, compared with that in the adjacent
non-carcinoma tissues (P<0.01). The foci with size >10 cm had
a much higher ratio of hypermethylation, compared to those in
smaller size (91.7 vs. 56.8%; P<0.05) (Table IV). Furthermore,
compared with other types (EGC, Borrmann I, Borrmann
II and Borrmann IIT), Borrmann IV was more frequently
methylated (85.7 vs. 56.9%; P<0.05). Correlation analysis
of RASSF10 methylation and TNM stage (UICC, version 7,
2009) revealed that the tumor with invasion depth at T3 and T4
had much higher methylation frequency than that with inva-
sion depth at T1 and T2 (67.1 vs. 37.5%; P<0.05). In patients
with lymph node metastasis (N1, N2 and N3), their tumors had
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Table IV. Correlation of clinicopathological parameters and
RASSF10 methylation status in gastric cancer tissues.

RASSF10
methylation status
Patients U+P M P-value

Variables (n=86) (%) (%)

Gender >0.05
Male 60 25(41.7) 35(58.3)

Female 26 8(30.8) 18(69.2)

Age (years) >0.05
<50 12 7(583) 5@41.7)
=50 74 46 (62.2) 28 (37.8)

Tumor size (cm) <0.05
<10 74 32(43.2) 42(56.8)
=10 12 1(8.3) 11 (91.7)

Histological type >0.05
Mass-+nest 34 1544.1) 19(55.9)

Diffuse 52 18 (34.6) 34(654)

Gross type <0.05*
EGC 4 2(50.0) 2(50.0)
Borrmann I 5 3(60.0) 240.0)
Borrmann IT 2 1(50.0) 1 (50.0)
Borrmann III 61 25(41.0) 36(59.0)
Borrmann IV 14 2(143) 12(85.7)

Invasion depth <0.05°
T1 4 2(50.0) 2(50.0)

T2 12 8(66.7) 4(33.3)
T3 15 5(33.3) 10(66.7)
T4 55 18 (32.7) 37 (67.3)

Lymph node <0.05¢

metastasis
NO 22 13(59.1) 9@40.9)
N1 21 8(38.1) 13(61.9)
N2 14 6(429) 8(57.1)
N3 29 6(20.7) 23(79.3)

TNM stage <0.05¢
I 10 8(80.0) 2(20.0)

II 22 7(31.8) 15(68.2)
1T 54 18 (33.3) 36(66.7)
v - - -

Significant differences: *EGC + Borrmann I + Borrmann II +
Borrmann III vs. Borrmann IV, 56.9 vs. 85.7%, P<0.05; "T1+T2
vs. T3+T4, 37.5 vs. 67.1%, P<0.05; °NO vs. N1+ N2+ N3, 40.9 vs.
68.8%, P<0.05; I vs. II+111, 20 vs. 67.1%, P<0.05; U, unmethylation;
P, partial-methylation; M, hypermethylation; EGC, early gastric
cancer. TNM stage was accordant with the UICC, Version 7 (2009).

a higher frequency of RASSF10 hypermethylation than that
in the patients with unaffected lymph nodes (NO), i.e. 68.8%
(44/64) of N1+N2+N3 vs. 40.9% (9/22) of NO; P<0.05. For
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TNM stage, only 20% (2/10) of tumors showed hypermethyl-
ation of RASSFI0 in stage 1. However, the total frequency of
RASSF10 hypermethylation in stage II and stage III was 67.1%
(51/76), which was significantly higher than the frequency in
stage I (67.1 vs. 20%; P<0.05). No significant differences were
found between hypermethylation status and histological type,
gender or age.

Discussion

In recent years, many TSGs have been found to be epigeneti-
cally inactivated in gastric cancer, indicating that epigenetic
silencing of TSGs is one of the major molecular alterations
in the process of gastric carcinogenesis (29). Previously,
RASSF10 was identified as a candidate TSG and its expres-
sion is frequently silenced by DNA methylation in human
cancer (24-27). Our studies also demonstrated that RASSF10
was frequently silenced in gastric cancer through promoter
hypermethylation. However, RASSF10 expression in both
primary carcinoma tissues and adjacent non-carcinoma tissues
was negative, whereas most of the non-carcinoma tissues
were chronic gastritis and intestinal metaplasia, which are
considered as precancerous lesions. Therefore, our findings
indicate that the epigenetic silencing of RASSF10 is a wide and
frequent event, which might be a significant aberrance related
to RASSF10 function during carcinogenesis. In addition, in
the present study, the combination treatment of 5-Aza-dC and
TSA in MKN45 cells induced higher RASSF10 expression
compared to single agent treatment with either 5-Aza-dC or
TSA, suggesting that epigenetic alterations including both
DNA hypermethylation and histone deacetylation are involved
in the downregulation of RASSF10 expression in gastric
cancer.

Emerging evidence has shown that the hypermethylation
of TSG promoter is one of the major molecular alterations in
cancer development. Methylation of TSGs, such as COX-2,
hMLHI and pl6 are rare in the non-neoplastic gastric mucosa
including chronic gastritis and intestinal metaplasia, but
appear frequently in carcinoma (30). Therefore, the methyla-
tion status of pl6 may be a useful biomarker for the prediction
of the malignant potential of dysplasia, in particular gastric
biopsies (31). However, in the present study, 38.4% (33/86)
of adjacent non-carcinoma tissues were hypermethylated.
These results may not correctly reflect the actual scenario of
RASSF10 methylation in normal gastric mucosa, since most
were tissues of chronic gastritis and intestinal metaplasia,
which are considered as precancerous lesions. Therefore, we
propose that the methylation status of RASSF10 might be used
as a biomarker to predict the malignant potential of the gastric
precancerous lesions. In fact, the RASSF10 methylation was
rarely found in early tumor cases, but in advanced tumors,
especially in cases which showed extremely malignant clinico-
pathological characteristics, such as Borrmann IV, high degree
of invasion, cancerous lymph node and large size. The increase
in RASSFI10 hypermethylation suggests that RASSF10 may be
involved in the suppression of tumor invasion and metastasis
in gastric cancer. Overall, epigenetic silencing of RASSF10
is associated with the pathogenic development of gastric
cancer, and the methylation status of RASSF10 may be used
as a biomarker to evaluate the malignant potential of the
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precancerous lesions and malignant degree of tumor in gastric
cancer. Thus, we propose that RASSF10 acts as a novel TSG
that is frequently inactivated in gastric cancer by the epigen-
etic alterations including DNA hypermethylation and histone
deacetylation.

Previous studies found that RASSF7 expression was upreg-
ulated by hypoxia (17-18). In particular, RASSF7/N-Ras could
promote cell survival through the inhibition of the mitogen-
activated protein kinase kinase 7 (MKK7)/c-Jun N-terminal
kinase (JNK) pathway during initial stress. However, in order
to activate cell death signaling pathway with prolonged stress,
the RASSF7 protein was degraded (19). These findings suggest
that RASSF7 plays a role in oxidative stress. Several studies
have reported that RASSF7 is upregulated in cancer (14-16).
We also observed a similar phenomenon in gastric cancer.
Depletion of RASSF7 in HeLa cells inhibited cell growth,
although knockdown of RASSF7 did not significantly induce
apoptosis (13). Therefore, we speculate that RASSF7 has
multiple functions in tumorigenesis, such as promoting mitosis
or survival function to protect cancer cells from damage
caused by stress. Further investigations are required to clarify
the functions of RASSF7 in the development of cancer.

RASSF10 or RASSFI0-LF is a 615 amino acid protein
encoded by a two exon gene separated by a short intron of
104 bp. A new variant of RASSF10 (RASSF10-SF) was
reported by Hesson et al (24), that was found by 5' rapid ampli-
fication of cDNA ends (RACE) . RASSF10-SF is a single exon
gene that has a 5' untranslated region (5'UTR) of 431 bp, a
3'UTR of 478 bp and an open reading frame that encodes a
protein of 507 amino acids. To distinguish between the two
isoforms by RT-PCR, we designed a pair of primers where
the forward primer binds to the so-called intron and reverse
primer binds to the consensus region of these two isoform. In
the present study, the cDNA of GES-1 was used as a template
for PCR amplification. Results showed that the primers were
able to amplify the cDNA from GES-1 cells, suggesting that
the RASSF gene does not contain the so-called intron and
RASSFI10-SF is the true isoform in gastric mucosa.

Our results indicated that RASSF10 is a characteristically
epigenetically silenced tumor suppressor correlated with
invasion and metastasis in gastric cancer and its epigenetic
alteration may contribute to the pathogenic development of
gastric cancer. RASSF-SF may represent the biologically
relevant isoform in human tissues. Exploring the roles of
RASSFI0 in cancer development will not only increase our
understanding of the biology of gastric cancer, but may also
enable the methylation status of RASSF10 to be used as a
molecular target for diagnosis and therapy. The expression
of RASSF7 was negatively correlated with that of RASSF10,
suggesting a potential oncogenic role of RASSF7 in gastric
cancer. Collectively, the present study revealed a novel tumor
suppressor that is silenced by epigenetic mechanisms in gastric
cancer and provides insight for further studies on the roles of
RASSF7 and RASSF10 in gastric cancer development.
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