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Methylation status of RASSFI| A associates with
prognosis in metastatic gastric cancer

Abstract

Background: Cancer of the stomach represents one of the most common cancers
all over the world. In these patients, several tumor suppressor genes are deactivated
leading to tumor development. The deactivation of tumor suppressor genes, caused by
hypermethylation of its promoters, has been correlated with poor prognosis in gastric
cancer patients.

Materials and methods: In this study, the methylation status of the tumor suppressor
gene RASSFI A was determined in the cell free DNA (cfDNA) of 55 patients with metastatic
gastric cancer, using methylation specific polymerase chain reaction (PCR).

Results: The promoter region of RASSFIA gene was found to be methylated in 42
patients, but in none of the healthy control samples. Methylation of the promoter region of
this gene was found to be correlated with shorter progression free survival (PFS, p=0.026)
and overall survival (OS, p=0.001) as compared to that of patients without promoter
methylation.

Conclusions: These results are of interest and further studies are necessary to clarify
whether hypermethylation of the RASSFIA tumor suppressor gene, could take a place as
a biomarker for the early diagnosis, prognosis and prediction of response to treatment in
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Introduction

Cancer of the stomach is a very common neoplasm.' More than
27,000 new cases and 11,000 patients will die from this disease in
the United States in 2019.> In the Asian and African-American
tribes, gastric cancer is a very common disease. The average age of
diagnosis is about 70 years, with the majority of new cases occurring
between the ages of 75-84years. The incidence has declined over
the past decades. The outcome of advanced gastric cancer remains
unfavorable, with a 5-year survival rate of about 4%.% The risk of
developing gastric cancer decreases in people consuming fruits
and vegetables, whereas the risk increases in people consuming
large amounts of salt, and nitrosamines found in fried foods and
processed meats.* Helicobacter pylori, a bacterium located in the
gastric mucosa, is associated with the development of gastritis,
peptic ulcer and gastric cancer, whereas eradication of this bacterium
appears to reduce the risk of gastric cancer.>® Epigenetics refers to
inherited changes in gene expression, and one of the most well-known
epigenetic events is methylation of DNA. In cancer, hypermethylation
of tumor suppressor genes is a frequent event occurring in early or
late stages of carcinogenesis.” Indeed, a major event in carcinogenesis
seems to be hypermethylation of CpG islands in the promoter region
of tumor suppressor genes.® This procedure affects the function of
genes involved in many cell functions, such as the cell cycle and DNA
repair, leading to the development of cancer.” Moreover, each tumor
type has specific hypermethylation patterns of CpG islands of the

tumor suppressor genes.! DNA methylation has a potential clinical
significance as complementary diagnostic tool with prognostic and
predictive role."" In addition, the concentration of cell free DNA
(cfDNA) in cancer patient’s blood can be used as a biomarker to
determine the origination of the tumor.'>"* ¢cfDNA may be either free
in the bloodstream or into circulating tumor cells (CTCs)."> Several
studies have shown that cfDNA in the bloodstream is derived from the
primary tumor cells.!” It is a valuable biologic material and has been
utilized for the development of biomarkers with high sensitivity and
specificity in cancer diagnosis.'® Regarding the predictive value of the
cfDNA methylation pattern, several studies have been conducted in
patients with bladder, colon and breast cancer.'* Epigenetic changes
play an important role in the development and progression of gastric
cancer and include DNA methylation, histone modifications, etc.
Epigenetic alterations affect gene expression without modifying the
DNA sequence and therefore are potentially reversible.'”® RASSF1A
is a major tumor suppressor gene that is frequently methylated in
gastric cancer.'”?! The RASSF1A protein is actively involved in
many cell functions, such as microtubule regulation, apoptosis
modification, maintenance of genomic stability, cell cycle regulation,
cellular mobility, and control of tumor invasiveness.?>** In the present
study, we examined the methylation status of RASSF1A gene and its
possible associations with various clinicopathological parameters and
overall survival of patients with metastatic gastric cancer.

Materials and methods

Study design

This is a single-institutional case-control study. The study material
consisted of 55 blood samples obtained from gastric cancer patients
suffering from metastatic disease. Inclusion criteria were: age over
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18years old, metastatic gastric adenocarcinoma. Exclusion criteria
were: other gastric cancer histologies, except adenocarcinoma.
Additionally, 20 blood samples taken from healthy individuals were
used as a control group. All these control samples were taken from
healthy friends and non-blood related family members of patients
treated in the Department of Medical Oncology of the University
Hospital of Alexandroupolis. The majority of them were age-matched
with our patient population and received no medical care at the time
of the sample collection.

Sample collection and Isolation of Cell Free DNA

Blood was collected in plasma collection tubes. Plasma was
obtained immediately through centrifugation at 3,000 rounds per
minute (rpm) for 10minutes and stored at -80°C until DNA extraction.
Cell free DNA from serum samples was isolated using QlAamp DNA
Blood mini kit (Qiagen, Germany) according to the manufacturer’s
protocol. DNA concentration was determined by a real-time PCR
method using GAPDH gene as an amplifying target. Three microliters
(ul) of DNA elution were used as a template for the Sybr-green
based real time PCR analysis. The cell free DNA concentration
was calculated according to a reproducible standard dilution curves
using a known concentration of MCF-7 genomic DNA, as previously
described.?

Sodium bisulfite conversion

Extracted DNA was modified with sodium bisulfite (SB), in order
to convert all unmethylated, but not methylated-cytosines to uracil.
Bisulfite conversion was carried out up to 500 ng of extracted DNA
using the EZ DNA Methylation Gold Kit (ZYMO Research Co.,
Orange, CA), according to the manufacturer’s instructions. The
converted DNA was stored at —80°C until used.

Methylation specific PCR (MSP)

The methylation status of RASSF1A gene in cell free circulating
plasma DNA samples was detected by Real time MSP using specific
primer pairs for both the methylated and unmethylated promoter
sequences. The exact primer sequence for the methylated and
unmethylated sequences is as follows:

Unmethylated

RASSFIA Forward 5'- GGT TGT ATT TGG TTG
GAG TG 180

Reverse 3’ - CTA CAA ACC TTT ACA CAC

AACA

Methylated

RASSF1A  Forward 5 - GTT GGT ATT CGT TGG GCG C
160

Reverse 3'- GCA CCA CGT ATA CGTAACG

Amplification reactions were done in a Rotor Gene Q, as previously
described.?*

Statistical analysis

Statistical analysis of the data was performed using the Statistical
Package for the Social Sciences (SPSS), version 21.0. The methylation
status of RASSF1A gene, as well as all other qualitative variables
was expressed as frequencies and percentages (%). The chi-square
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test was used to evaluate any potential association of RASSF1A
methylation status with patients’ demographic and clinicopathological
characteristics. Survival rates were calculated with the Kaplan—Meier
method and the statistical difference between survival curves was
determined with both log-rank and below tests. Multivariate Cox
proportional hazards regression analysis was performed to explore
the independent effect of RASSF1A methylation status on overall
survival. Patients’ gender, age, differentiation, and histologic subtype
were also included in the multivariate model as potential confounders.
All tests were two tailed and statistical significance was considered
for p values <0.05.

Results

The methylation status of RASSF1A tumor suppressor gene was
evaluated in the cfDNA in serum samples of 55 patients with metastatic
gastric cancer and specifically in double-blind experiments. The
clinicopathological characteristics of patients are reported in Table 1.

Table | Clinicopathological characteristics of patients and methylation status
of RASSFIA gene

Patient characteristics n (%) RASSFIA value
(n=55) ? methylated p
Gender 0.256
Females 22 (40.0%) 17 (77.3%)

Males 33 (60.0%) 25 (75.6%)

Age 0.060
<60 years 17 (30.9%) 9 (52.9%)

> 60 years 38 (69.1%) 33 (86.8%)
Differentiation 0.231
Moderate 22 (40.0%) 18 (81.8%)

Poor 20 (36.4%) 16 (80.0 %)

Good 13 (23.6%) 8 (61.5%)

Histology 0.671
Intestinal 22 (40.0%) 17 (77.3%)

Diffuse 19 (34.5%) 15 (78.9%)

Other 14 (25.5%) 11 (78.6%)

In the present study, the promoter of RASSF1A gene was found to
be methylated in 42 out of 55 patients examined (76.3%). In healthy
control group, no promoter was found to be methylated (0.0%).
Patients who had methylated the promoter of RASSF1A gene,
showed significantly lower PFS (17.9months) compared to patients in
whom the gene promoter was unmethylated, and this was significant
(40months, p=0.026) (Figure 1). Patients who had methylated
the RASSF1A gene showed significantly lower OS (24.2months)
compared to patients in whom the gene promoter was unmethylated
(48 months, p=0.001) (Figure 2). Moreover, the methylation of the
RASSF1A gene appeared to be more common in male and elderly
patients (>60years old). It also appears to be associated with low and
intermediate differentiation regarding tumor histology, as well as with
a higher rate of intestinal type of gastric adenocarcinoma. However,
the above results were not statistically significant (p=0.256, p=0.060,
p=0.231 and p=0.671, respectively).
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Figure | Correlation of RASSFIA gene methylation with progression free
survival (PFS) (p = 0.026).
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Figure 2 Correlation of RASSFIA gene methylation with overall survival (OS)
(p=0.001).

Discussion

Gastric cancer is one of the most common cancers in the world.
In 2019, it is estimated that there will be more than 27,000 new
cases in the United States and more than 11,000 patients will die
from the disease. At the time of diagnosis, the tumor is confined to
the stomach, in 25% of the cases, in 20% is locally advanced and
in 34% of the cases is already metastatic. Gastric cancer occurs
more frequently in male patients, mainly in the Asian and African-
American tribes. The age of diagnosis is about 70years. The overall
S-year survival of all patients with gastric cancer at any stage reaches
27.7%. The incidence has declined over the past decades. However,
despite advances in diagnosis and treatment, the outcome of advanced
gastric cancer remains unfavorable, with a 5-year survival rate of 4%.
Hypermethylation of CpG islands in the promoter region of tumor
suppressor genes is a major event in carcinogenesis and it may affect
the function of genes involved in the cell cycle, as well as other cell
procedures. Hypermethylation occurs at different stages of cancer
development, in different types of cells and is associated with genetic
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damage. The RASSF1A protein is involved in the regulation of cell
cycle and microtubules, in the maintenance of genomic stability, in
modification of apoptosis and cellular mobility. Finally, it seems
that controls the tumor infiltration. The level of methylation of the
corresponding gene in gastric cancer varies from 40-50%.%%° In our
study, the RASSF1A gene was methylated in 42 out of 55 patients
(76.3%), but in none of the 20 healthy individuals examined. This
indicates that methylation of RASSF1A tumor suppressor gene is
commonly seen in cancer patients but not in healthy individuals,
suggesting that hypermethylation of the promoter of this gene could
possibly serve as a potential biomarker for the early diagnosis of
gastric cancer. There also appears to be a high degree of methylation
of this gene in metastatic gastric cancer. This may be due to the
crucial role of this gene not only in earlier but also in later stages of
gastric cancer as in our study. This gene encodes a protein similar to
the RAS family of effector proteins that act as tumor suppressors and
its methylation is correlated with the development of gastric cancer.
Inactivation of the gene, via methylation, is probably associated with
a more aggressive tumor phenotype. This finding is in agreement with
similar findings from other studies showing that hypermethylation of
this gene is associated with poor survival.” In the present study, there
was indeed an important correlation between gene hypermethylation
and overall survival as well as progression free survival of patients
with metastatic disease. The findings also come in line with those of
other studies.?*?’ In these studies, the incidence of hypermethylation
of the RASSF1A gene promoter in the serum of gastric cancer
patients was reported to be 25% and 34% respectively, which is
considerably lower to the level observed in the present study (74.3%).
However, these variations between studies may be due to national,
environmental and/or geographic factors that have established gastric
cancer as a different disease in Europe and Asia. In addition, the
number of samples analyzed (n =55 in the present study) is limited for
safe statistical considerations. The sample number is relatively small.
Therefore, no safe conclusions can be drawn, but there is a tendency
towards the hypermethylation of the gene and the OS in these patients.
This could be a weakness of the study. Moreover, the methylation of
the RASSF1A gene appeared to be more common in male and elderly
patients. In addition RASSF1A hypermethylation was more common
in patients with low and intermediate differentiation regarding
tumor histology, and with a higher rate of intestinal type of gastric
adenocarcinoma. However, these findings never reached statistical
significance. These results show that methylation of RASSF1A may
be mostly a late event in gastric cancer patients and as such, may be
associated with a more aggressive tumor phenotype. In conclusion, this
study showed that hypermethylation of the promoter region of tumor
suppressor gene RASSFIA, is a frequent epigenetic phenomenon
in patients with advanced gastric cancer. A significant correlation
between methylation of the promoter region of these genes and the
PFS as well as the OS, was also observed. MSP is an inexpensive
and feasible and reproducible method that can be applied in most
clinical laboratories and can be useful in daily clinical practice for
the diagnosis and prognosis of gastric cancer patients. This is strength
of the present study. More studies with larger number of patients are
needed to establish tumor suppressor gene RASSF1A as a potential
biomarker for early diagnosis, prognosis and prediction of response to
chemotherapy in gastric cancer patients.

Conclusions

In this study, the correlation of methylation of the tumor suppressor
RASSF1A gene with the prognosis of patients with metastatic gastric
cancer was demonstrated. The methylation of the gene appears to be
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associated with decreased OS and PFS of these patients. In the future,
it may be a promising biomarker for this disease.
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