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Abstract

Background  Although Ras-association domain family of
gene 2 (RASSF2) has been shown to undergo promoter
methylation at high frequency in some cancer types and in
brain metastases, its clinical utility as a useful prognostic
molecular marker remains unclear in gastric cancer.
Methods Prognostic significance of RASSF2 expression
was retrospectively analysed by immunohistochemically in
105 patients with gastric cancer who underwent curative
gastrectomy.

Results Low RASSF2 expression was detected in 58
(55 %) patients, whereas 47 patients (45 %) had high
RASSF2 expression. Lymph node involvement, pT stage,
TNM stage, vascular invasion, perineural invasion and the
presence of recurrence were found to be significantly
related to RASSF2 expression levels. Low PRL-3 expres-
sion was closely correlated with lymph node metastasis
(p = 0.001), advanced pT stage (p = 0.021), advanced
TNM stage (p < 0.001), the presence of vascular invasion
(p < 0.001), perineural invasion (p = 0.018) and high
prevalence of recurrence (p = 0.003) compared with high
RASSF2 expression. The median disease-free survival
(DFS) time for patients with low RASSF2 expression was
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significantly worse than that of patients with high RASSF2
expression (10.2 vs. 50.6 months, p < 0.001). In addition,
patients with high RASSF2 expression had the higher
overall survival (OS) interval compared to patients with
low RASSF2 expression (NR vs. 14.9 months, p < 0.001).
In the multivariate analysis, the rate of RASSF2 expression
levels was an independent prognostic factor, for DFS
[p < 0.001, HR 0.12 (0.10-0.88)] and OS [p < 0.001, HR
0.10 (0.04-0.46)], as were pT stage and TNM stage,
respectively.

Conclusions RASSF2 may be an important molecular
marker for carcinogenesis, prognosis and progression in
gastric cancer, but the potential value of RASSF2 expres-
sion as a useful molecular marker in gastric cancer pro-
gression should be evaluated, comprehensively. It would be
possible to develop treatments targeting RASSF2 and
advance new treatment strategies for gastric cancer.
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Introduction

Gastric cancer (GC) is one of the leading causes of global
cancer mortality [1]. Most patients with gastric cancer are
symptomatic and already have advanced incurable disease
at the time of presentation. At diagnosis, approximately
50 % have disease that extends beyond locoregional con-
fines, and only one-half of those who appear to have
locoregional tumour involvement can undergo a potentially
curative resection. The 5-year overall survival (OS) rate is
approximate 25 % [2]. Although the detection of prog-
nostic markers may enable us to evaluate the precise status
of these diseases and allow a more effective management
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of the patient, information on the prognostic markers in GC
is still limited.

HER?2 evaluation becomes an important approach for
predicting patient response to HER2-targeting agents.
However, the significance of HER2 expression as a
prognostic factor in gastric cancer remains much less
clear. Recently, Sheng et al. evaluated HER2 expression
as a prognostic factor in patients with gastric cancer, but
they could not prove its prognostic significance [3].
Similarly, another study analysed HER2 expression in
gastric cancer patients. It showed that OS of HER2-neg-
ative and -positive patients was not significantly different.
However, in patients with stage III/IV, OS was worse in
HER2-positive patients [4]. It is known that Ras sig-
nalling contributes to the activation of the mitogen-acti-
vated protein kinase/extracellular signal-regulated kinase
(MAPK/ERK) cascades that are involved in cancer pro-
gression [5]. The RASSF family of proteins consists of 10
members (RASSF1 to 10) with various isoforms, all of
which share a region of homology, the Ras-association
domain. The Ras-association (RalGDS/AF-6) domain
family member 2 (RASSF2) protein belongs to the
RASSF family that participates in Ras signalling [6, 7].
The Ras-association (RalGDS/AF-6) domain family
member 2 (RASSF2) is a gene located at 20p13 with
RASSF2 as the most important putative transcript [8]. It
belongs to the RAS-association domain family of pro-
teins, which has important functions in cell-cycle control,
microtubule stabilization and motility [9]. The RASSF2
protein exhibits suppressor functions as it interacts with
the proapoptotic MST kinases, which are known to acti-
vate the SAPK-JNK signalling pathway, leading to sub-
sequent apoptosis [8, 10]. The inactivation of this gene by
hypermethylation has been described in breast, colorectal,
endometrial, gastric, lung, thyroid and cervical cancers
[11-16]. As with other cancer types, a few trials have
previously analysed the relation between the expression
of RASSF2 and gastric cancer in the literature. Luo et al.
[7] showed that in gastric cancer patients who had
undergone curative gastrectomy, low RASSF2 expression
was related with poor prognosis, and there was a signifi-
cant association between the expression levels of RASSF2
and OS.

Determining the poor prognostic factors that may pre-
dict the tumour recurrence and prognosis of patients is an
important for selection appropriate treatment protocols.
Therefore, in the current study, we evaluated the prognostic
significance of the expression of RASSF2 in patients with
gastric cancer who underwent curative gastrectomy. Fur-
thermore, the relationship between RASSF2 expression
and clinicopathological factors and the effect of this
expression on survivals were studied.

Materials and methods

This study consisted of 105 gastric carcinoma patients who
had undergone a RO curative gastrectomy, who were fol-
lowed up and treated at the Department of Medical Oncol-
ogy, Dr. Lutfi Kirdar Education and Research Hospital,
between 2007 and 2013. Details concerning age, gender,
resection type, tumour location, histopathology, pT stage,
tumour size, histological grade, lymph node involvement,
lymphatic vessel invasion, blood vessel invasion and per-
ineural invasion, resection margins, adjuvant chemotherapy
and radiation therapy, responses to treatment and survival
were obtained from patients’ charts after written informed
consent had been obtained from patients. The Local Ethics
Committee of our hospital approved the study. Primary
tumours were staged according to the seventh edition of
American Joint Committee on Cancer (AJCC) TNM staging
classification for gastric cancer [17] and the clinicopatho-
logic findings were determined according to the Japanese
Classification of Gastric Carcinoma (JCGC) [18]. The eli-
gibility criteria included histologically confirmed R, gastric
resection, which was defined as no macroscopic or micro-
scopic residual tumour and post-operative survival time
>3 months. The patients with distant metastasis at diagnosis
were excluded from the study.

After completion of treatments, follow-up schedule was
started. Every 3 months for the two post-operative years,
every 6 months up to 5 years and annually thereafter for at
least 5 years during follow-up, medical histories and
physical examinations were carried out. Complete blood
counts and biochemistry panels, as well as tumour markers,
carcinoembryonic antigen and carbohydrate antigen 19-9
were controlled every 3 months in the first and second
years, and annually thereafter. Chest X-rays and abdominal
CT scans were also performed every 3 months in the first
year, every 6 months in the second post-operative year and
annually thereafter for 5 years.

Histologic tumour specimens were re-evaluated by two
pathologists, who was an expert in matters of gastric cancer
and who had no knowledge of pathological findings after
all patients or their relatives gave written consent.

Immunohistochemical staining of RASSF2
expression

Firstly, paraffin blocks of gastric tumour tissue were cut
into sections of 3 Im and deparaffinised. Hydrogen perox-
ide was applied after antigen retrieval solution to block the
endogen peroxide activity. Next, sections were incubated
with monoclonal mouse anti-human RASSF2 (LifeSpan
Biosciences, USA) antibody in 1/200 dilution. After being
applied to Bond primary and Bond polymer, the sections
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were kept in Bond DAB mix solution and haematoxylin
was applied as contrast stain. The intensity of cellular
staining and the proportion of stained tumour cells were
scored separately. The scoring was designed according to
the staining intensity of the tumour cells in sections: score
0, no stain; score 1, weak stain; score 2, medium stain and
score 3, strong stain. The extent of positivity was scored
according to the percentage of cells showing positive
staining: 0, <5 %; 1, >5-25 %; 2, >25-50 %; 3,
>50-75 %; 4, >75 % of the cells in the respective lesions.
The final score was determined by multiplying the intensity
of positivity and the extent of positivity scores, yielding a
range from O to 12. The expression for RASSF2 was
considered high expression when the scores were >5. The
immunohistochemical staining intensity of RASSF2 for
gastric cancer specimens is shown in Fig. 1.

Adjuvant and metastatic treatments

Totally 70 patients (67 %) had received adjuvant
chemoradiotherapy with 5-Fluorouracil (5-FU) 425 mg/m>
per day, plus leucovorin 20 mg/m?* per day, for 5 days,
followed by 4500 cGy of radiation at 180 cGy per day,
given 5 days per week for 5 weeks, with modified doses of
fluorouracil and leucovorin on the first four and the last
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Fig. 1 Immunohistochemical staining intensity of RASSF2 in the
gastric cancer. a Gastric tumour not stained with RASSF2, b gastric
tumour staining intensity of score 1 with RASSF2, ¢ gastric tumour
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3 days of radiotherapy, within 4 weeks after surgery.
However, only 51 patients (72 %) were able to complete
their adjuvant treatment. During the follow-up, 51 (49 %)
patients developed relapse. Regarding the localization of
the relapse, 41 % of the patients had relapse in the liver,
others in the peritoneum, para-aortic lymph nodes, lung,
stomach, bone or ovaries. The majority of patients
(n =47, 92.1 %) who had relapse were treated with sec-
ond-line chemotherapy including DCF (docetaxel-cis-
platin-5-FU), FOLFOX (5FU-oxaliplatin-leucovorin
calcium-5-FU infusion) and epirubicin-oxaliplatin-capeci-
tabine (EOX). Four patients could not receive second-line
treatment because of poor performance status. At the
progressive disease, 24 patients were treated with third-
line chemotherapy (paclitaxel, FOLFOX or XELOX and
irinotecan).

Statistical methods

Statistical analyses were performed using SPSS 17.0 (SPSS
Inc., Chicago, IL, USA) software. The Chi squared test and
Fisher’s exact test were used to analyse the relationships
between the relationships between clinicopathological
factors and RASSF2 expression. Survival analysis and
curve were established according to the Kaplan—Meier

staining intensity of score 2 with RASSF2, d gastric tumour staining
intensity of score 3 with RASSF2
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method and compared by the log-rank test. Disease-free
survival (DFS) was defined as the time from curative sur-
gery to disease progression or recurrence, or to the date of
death or lost in follow-up. OS was described as the time
interval from diagnosis to the date of the patient’s death or
lost in follow-up. Firstly, univariate analyses were per-
formed to evaluate the significance of RASSF2 expression
and other clinicopathological features as prognostic factors.
Thereafter, the multivariate analysis with the Cox propor-
tional hazards model was made in order to further analyse
the RASSF2 expression and all of the significant prognostic
factors which were found in the univariate analysis. The
confidence intervals (CI) of 95 % were defined to indicate
the relationship between overall survival and each inde-
pendent factor. All tests were done using two-sided and
p values <0.05 were accepted statistically significant.

Results

Sixty-eight patients (64.8 %) were male and 37 (35.2 %)
were female. The median age was 62 ranging from 29 to
79 years and fifty-six patients were older than 60 years
(53.3 %). Fifty-six percent of the patients underwent
subtotal gastrectomy and 43.8 % underwent total gastrec-
tomy. The majority of the patients (57.1 %) had tumours
located in the lower part, 21 % in the middle part and 20 %
in the upper part of the stomach. Histopathological analysis
revealed that 49.5 % had pure adenocarcinoma histology,
and more than half (n = 63, 60 %) had poorly or undif-
ferentiated tumours. Based on the lymph node involve-
ment, 77 % of the patients were classified as node-positive
(24 % had N1, 22 % had N2 and 31 % had N3 lymph node
involvement) and the remaining 23 % of the patients were
node-negative. Seven patients (6.6 %) were categorized as
stage I, 34 (32.4 %) as stage Il and 64 (61 %) as stage III
according to the TNM staging.

IHC analysis from 105 gastric tumour samples revealed
that low RASSF2 expression was determined in 58 (55 %)
patients, whereas 47 patients (45 %) had high RASSF2
expression. Lymph node involvement, pT stage, TNM
stage, vascular invasion, perineural invasion and the pres-
ence of recurrence were found to be significantly related to
RASSF2 expression levels. Low RASSF2 expression was
closely correlated with lymph node metastasis (p = 0.001),
advanced pT stage (p = 0.021), advanced TNM stage
(p < 0.001), the presence of vascular invasion (p < 0.001)
and perineural invasion (p = 0.018) compared with high
RASSF2 expression. The prevalence of recurrence for
patients with low RASSF2 expression was significantly
higher than that for patients with high RASSF2 expression
(p = 0.003). The relationships between clinicopathological
factors and RASSF2 expression levels are listed in Table 1.

The median follow-up time was 37 ranging from 19 to
89 months. The median DFS interval of patients with high
RASSF2 expression was significantly better than that of
patients with low RASSF2 expression (50.6 vs.
10.2 months, p < 0.001, Fig. 2). Furthermore, patients
with high RASSF2 expression had the higher OS interval
compared to patients with low RASSF2 expression (NR vs.
14.9 months, p < 0.001). OS curves according to the
RASSF2 expression levels are indicated in Fig. 3. The
univariate analysis showed that RASSF2 expression levels,
lymph node involvement, pT stage, TNM stage, vascular
and perineural invasion were found to be statistically sig-
nificant prognostic factors for DFS. In addition, RASSF2
expression levels, lymph node involvement, pT stage,
TNM stage, vascular and perineural invasion were impor-
tant prognostic indicators for OS in the univariate analysis.
The results of univariate analysis according to DFS and OS
are summarized in Tables 2 and 3.

RASSF2 expression was closely associated with DFS
and OS of patients with radically resected gastric cancer in
the univariate analysis. Therefore, a multivariate analysis
with the Cox proportional hazards model was performed in
order to further evaluate the prognostic significance of
RASSF2 expression and all of the significant prognostic
factors that were found in the univariate analysis. Multi-
variate analysis indicate that the rate of RASSF2 expres-
sion levels [p < 0.001, HR 0.12 (0.10-0.88)] was an
independent prognostic factor, as were pT stage
[p = 0.014, HR 1.39 (0.58-3.32)] for DFS. Moreover, it
was found that the rate of RASSF2 expression levels
[p <0.001, HR 0.10 (0.04-0.46)] was an independent
prognostic factor, as were TNM stage [p = 0.04, HR 1.94
(0.96-3.91)] for OS. Table 4 shows the results of multi-
variate analysis of DFS and OS.

Discussion

In the present study, low RASSF-2 expression was sig-
nificantly correlated with lymph node involvement, pT
stage, TNM stage, vascular invasion, perineural invasion
and the presence of recurrence. In the multivariate analysis,
we found that RASSF2 expression level was an indepen-
dent prognostic factor for both DFS and OS, in addition to
the already known important clinicopathological prognos-
tic indicators such as pT stage and TNM stage, respec-
tively, in patients with gastric cancer who had undergone
radical surgery.

Gastric cancer is a disease driven by progressive genetic
and epigenetic aberrations [19]. The role of epigenetics in
the pathogenesis of cancer has come to the forefront over
the last decade. It is now well established that epigenetic
events, such as DNA methylation, can be driver events in
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Table 1 The correlation between RASSF2 expression and clinicopathological factors

Factor Total n (%) Low RASSF2 expression n (%) High RASSF2 17 expression n (%) p

Gender 0.50
Male 68 (64.8) 38 (65.5) 30 (63.8)
Female 37 (35.2) 20 (34.5) 17 (36.2)

Age (year) 0.15
<60 49 (46.7) 24 (41.4) 25 (53.2)
>60 56 (53.3) 34 (58.6) 22 (46.8)

Tumoral localization 0.59
Upper 21 (20.0) 11 (19) 10 (21.3)
Middle 22 (21.0) 15 (25.9) 7 (14.9)
Lower 60 (57.1) 31 (53.4) 29 (61.7)
Diffuse 2 (1.9) 1(1.7) 1(2.1)

Surgery type 0.84
Subtotal gastrectomy 59 (56.2) 32 (55.2) 27 (57.4)
Total gastrectomy 46 (43.8) 26 (44.8) 20 (42.6)

Tumoral diameter 0.11
<5 cm 48 (45.2) 22 (38) 26 (55.3)
>5 cm 57 (54.8) 36 (62) 21 (44.7)

Histology 0.09
Pure adenocarcinoma 52 (49.5) 22 (37.9) 30 (63.8)
Signet ring cells 44 (41.9) 29 (50.0) 15 (31.9)
Mucinous 9 (8.6) 7 (12.1) 2 (4.3)

Grade of differentiation 0.14
Well 5 (4.8) 2 (3.6) 3 (6.1)
Moderate 37 (35.2) 17 (30.3) 20 (40.8)
Poor and not 63 (60.0) 37 (66.1) 26 (53.1)

Lymph node metastases 0.001
No 24 (22.9) 6 (10.3) 18 (38.3)
Yes 81 (77.1) 52 (89.7) 29 (61.7)

pT Stage 0.021
T1 7 (6.7) 0 7 (15.2)
T2 7 (6.7) 3(5.1) 4 (8.8)
T3 59 (56.1) 37 (62.7) 22 (47.8)
T4 32 (30.5) 19 (32.2) 13 (28.2)

TNM Stage <0.001
I 7 (6.6) 0 7 (14.9)
I 56 (32.4) 13 (22.4) 21 (44.7)
11 83 (61.0) 45 (77.6) 19 (40.4)

Vascular invasion <0.001
No 23 (22.0) 5 (8.5) 18 (39.2)
Yes 82 (78.0) 54 (91.5) 28 (60.8)

Perineural invasion 0.018
No 20 (19.1) 7 (11.9) 13 (28.3)
Yes 85 (80.9) 52 (88.1) 33 (71.7)

Recurrence 0.003
No 54 (51.4) 22 (37.9) 32 (68.1)
Yes 51 (48.6) 36 (62.1) 15 (31.9)

Significant p values are in bold

@ Springer



Clin Transl Oncol (2016) 18:608-616

613

1,0
p<0.001

0,8—
S
©
2 0,6
2
3
n
3 High RASSF2 expression
&=
> 0,4
0
©
3
2
(=]

0,2

Low RASSF2 expression
0,0
I I I I I I
0 20 40 60 80 100

Time (month)
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Fig. 3 Overall survival curves according to RASSF2 expression
levels

the pathogenesis of gastric cancer, and that these epigenetic
events co-operate with gene mutations in the progression of
normal gastric mucosa to cancer, with more genes in the
gastric cancer genome affected by altered DNA methyla-
tion than by gene mutations [19, 20]. These alterations in
DNA methylation contribute to the molecular heterogene-
ity of gastric cancers, as illustrated by the identification of
molecular subtype of gastric cancers that can be identified
by their unique methylated gene signatures.

Previously, RASSF2 has been identified as a member of
the recently discovered RASSF family of Ras effec-
tors/tumour suppressors and demonstrated that it binds
directly to K-Ras via the Ras effector domain [10, 12, 21].

K-Ras is a member of a family of oncoproteins that play an
important role in many biological processes [5, 22, 23].
These abilities are mediated by the ability of RAS proteins
to interact with a wide range of effector proteins [24]; for
example via signalling through phosphatidylinositol 3-ki-
nase and AKT, RAS proteins can induce cell division and
oncogenesis, whereas interactions with RASSF2 can
mediate apoptosis and cell-cycle arrest [10, 23]. It had
previously demonstrated that RASSF2A was frequently
methylated in colorectal tumours and adenomas and that
methylation was tumour specific [12]. Furthermore, two
reports [25, 26] have demonstrated that methylation of
RASSF2A corresponds to loss of expression in primary
tumours as well as tumour cell lines. Afterwards, epige-
netic inactivation of RASSF2 was found in gastric cancer
[27], oral squamous cell carcinoma [28], head and neck
squamous cell carcinoma [29], hepatocellular [30] and
thyroid cancers [15].

In the literature, only one clinical trial had addressed the
relation between gastric cancer and RASSF2 expression
levels. Previous retrospective study performed by Luo et al.
[7], in 276 patients, who underwent curative gastrectomy
and lymph node dissection for gastric cancer, showed that
patient age, histological differentiation, depth of tumour
invasion, regional lymph node and distant metastasis and
TNM stage were found to be significantly related to
RASSF?2 levels. In addition, positive expression levels of
RASSF2 were correlated with poor prognosis, and the
levels of RASSF2 expression were significantly related to
OS [7]. In our study, we detected that RASSF2 expression
levels were significantly associated with lymph node
involvement, pT stage, TNM stage, vascular invasion,
perineural invasion and the presence of recurrence were
found to be significantly related to RASSF2 expression
levels. Thus, our results were compatible with their find-
ings [7].

In our study, the median DFS time was found to be
significantly higher for patients with high RASSF2
expression compared to patients with low RASSF2 levels.
In addition, the multivariate analysis for DFS demonstrated
that RASSF2 expression levels were independent prog-
nostic factors. Likewise, the median OS time was found to
be significantly higher for patients with high RASSF2
expression compared to patients with low RASSF2
expression. The multivariate analysis for OS demonstrated
that RASSF2 expression levels were independent prog-
nostic factors. Similarly, Luo et al. reported that the median
OS interval was significantly better for patients with high
RASSF2 expression, and RASSF2 expression was identi-
fied to be an independent prognostic indicator. Hence, our
results were compatible with the literature [7].

Gharanei et al. analysed the methylation status of
RASSFIA and RASSF2 in a cohort of Ewing sarcomas
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Table 2 Results of the
univariate analysis of the
disease-free survival according
to clinicopathological factors

@ Springer

Factor Median PSK (month) Log rank x? p

Gender 0.01 0.92
Male 28.1
Female 23.6

Age (year) 3.11 0.07
<60 422
>60 23.6

Tumoral localization 2.07 0.55
Upper 26.4
Middle 11.5
Lower 30.6
Diffuse 6.3

Surgery type 0.97 0.32
Subtotal gastrectomy 28.4
Total gastrectomy 21.3

Tumoral diameter 1.15 0.28
<5cm 40.0
>5 cm 25.4

Histology 2.86 0.58
Pure adenocarcinoma 40.0
Signet ring cells 16.6
Mucinous 21.3

Grade of differentiation 0.74 0.68
Well 422
Moderate 33.4
Poor and not 23.2

Lymph node metastases 8.74 0.003
No NR
Yes 17.8

pT stage 12.2 0.007
T1 NR
T2 NR
T3 24.5
T4 11.5

TNM stage 16.4 <0.001
1 NR
I 34.1
1 16.3

Vascular invasion 12.2 <0.001
No NR
Yes 17.8

Perineural invasion 10.8 0.001
No NR
Yes 213

RASSF2 expression 46.2 <0.001
Low 10.2
High 50.6

Significant p values are in bold



Clin Transl Oncol (2016) 18:608-616 615
Table 3 Results of the univariate analysis of the overall survival Table 4 The results of multivariate analysis of OS and DFS
according to clinicopathological factors
Factor ¥4 HR 95 % CI
Factor Median OS (ay) Log rank X> p
Disease-free survival
Gender 0.26 0.60 Lymph node metastases 0.82 1.14 0.34-3.77
Male 28.4 pT stage 0.014 1.98 1.14-3.41
Female 372 TNM stage 0.45 1.39 0.58-3.32
Age (year) 2.31 0.12 Vascular invasion 0.99 1.00 0.25-3.91
<60 434 Perineural invasion 0.23 2.37 0.56-5.91
>60 28.4 RASSF?2 expression level <0.001 0.12 0.10-0.88
Tumoral localization 2.27 0.51 Overall survival
Upper 312 Lymph node metastases 0.77 0.82 0.21-3.17
Middle 203 TNM stage 0.04 1.94 0.96-3.91
Lower 39.5 pT stage 0.61 1.14 0.68-1.90
Diffuse 122 Vascular invasion 0.97 0.97 0.22-4.28
Surgery type 1.24 0.26 Perineural invasion 0.58 1.48 0.36-6.07
Subtotal gastrectomy  31.9 RASSF?2 expression level <0.001 0.10 0.04-0.46
Total gastrectomy 26.9 — -
. Significant p values are in bold
Tumoral diameter 0.63 0.42 )
422 HR hazard ratio, CI confidence interval, OS overall survival, DFS
<5 cm ’ disease-free survival
>5 cm 26.9
Histology 4.44 0.35 ) o ) o
Adenocarcinoma 454 (ES) and determined any association with clinical outcome.

Pure signet ring cells 20.7

Mucinous 24.1

Grade of differentiation 2.33 0.31
Well NR
Moderate 36.9
Poor and not 26.6

Lymph node metastases 8.06 0.005
No NR
Yes 21.9

pT stage 10.3 0.016
Tl NR
T2 NR
T3 35.7
T4 20.5

TNM stage 18.9 <0.001
I NR
I 45.6
1 21.5

Vascular invasion 10.9 0.001
No NR
Yes 20.9

Perineural invasion 7.41 0.006
No NR
Yes 26.9

RASSF2 expression 62.8 <0.001
Low 14.9
High NR

Significant p values are in bold

They showed that overexpression of either RASSF1A or
RASSF2 reduced colony formation ability of ES cells.
Moreover, RASSF2 methylation was correlated with poor
OS, finally, concluded that both RASSF1A and RASSF2
are novel epigenetically inactivated tumour suppressor
genes in patients with ES, and RASSF2 methylation may
have prognostic implications for this cohort [31]. Recently,
in a study performed by Mezzanotte et al., the authors
reported that promoter methylation leading to reduced
expression of RASSF6 may play an important role in
melanoma development and may contribute to brain
metastases [32]. We also determined that low RASSF2
expression was associated with poor prognosis. Therefore,
our results were similar to previous findings [31, 32].

The major limitation of our study was the retrospective
nature. The other limitations of this study were relatively
the small sample size and short follow-up interval. These
factors might have influenced our results. Although our
results should be confirmed using prospective studies with
larger sample sizes, we believe that our study is noteworthy
and our results contribute to the knowledge of prognosis
and progression in gastric cancer.

In conclusion, our study indicates that low RASSF2
expression was associated with a poor prognosis for
patients with gastric cancer who underwent curative sur-
gery. RASSF2 may be an important molecular marker for
carcinogenesis, prognosis and progression in gastric can-
cer. To validate the findings of this study, further research
is needed, preferably by prospective studies that analyse
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the correlation between RASSF2 expression and treatment
response including more patients. Thus, it would be pos-
sible to develop treatments targeting RASSF2 and advance
new treatment strategies for gastric cancer.
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