
SMARCA5 and Gastric Cancer 

Table 2. SMARCA5 Promoter Methylation and Protein Expression in Tumor and Normal Gastric Samples

Tumor p value Normal p value

Methylation
IHQ M/M+U U M/M+U U
Positive 6 (46.2%) 29 (85.3%) p = .0104∗ 2 (14.3%) 0 (0%) p = 1
Negative 7 (53.8%) 5 (14.7%) 12 (85.7%) 2 (100%)

IHC: immunohistochemistry assay; U: unmethylated; M+U: partial methylated; M: methylated.

SMARCA5 might be an interesting therapeutic target in gas-
tric cancer presenting this protein overexpression.

The mechanism of SMARCA5 regulation is still unknown.
We have previously evaluated the SMARCA5 methylation
status in lymphocyte cells. However, we did not observe the
presence of this gene promoter methylation in the young
and elderly control samples of Alzheimer’s disease patients.
Nevertheless, gene methylation status and regulation are fre-
quently tissue-specific or disease-specific (22). The stomach
is an organ that presents a normal increased CpG island
methylation (23), and gene promoter methylation is com-
monly reported in the gastric carcinogenesis process (24–29).
These genes and tissue characteristics lead us to consider
whether epigenetic regulation of SMARCA5 occurs in gas-
tric mucosa.

In the present study, we observed SMARCA5 promoter
methylation in about 12.5% and 21.7% of normal and neo-
plastic gastric samples, respectively. To our knowledge, this
is the first report of the presence of methylation in this gene
promoter. This is also the first study to describe an associa-
tion between SMARCA5 promoter methylation and a lack of
its protein expression. However, our results suggest that other
mechanisms, such as chromatin remodeling, or other protein
interactions have a role in SMARCA5 expression control and
are responsible for the deregulation observed in our gastric
cancer samples.

In conclusion, our data suggest that SMARCA5 im-
munoreactivity has a potential role in proliferation and ma-
lignancy in gastric carcinogenesis. Little is known about the
role of SMARCA5 in carcinogenesis and further studies are
necessary to evaluate whether this protein could be an in-
teresting therapeutic target or helpful in diagnosis of gastric
cancer.
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de Amparo à Pesquisa do Estado de São Paulo (FAPESP). R.
R. Burbano and M. A. C. Smith have research grants from
CNPq. C. O. Gigek and M. F. Leal have fellowships granted
by FAPESP.

DECLARATION OF INTEREST

The authors report no conflicts of interest. The authors alone
are responsible for the content and writing of the paper.

REFERENCES

1. Brenner H, Rothenbacher D, Arndt V. Epidemiology of stomach
cancer. Methods Mol Biol 2009;472:467–477.

2. Mohamed MA, Greif PA, Diamond J, Sharaf O, Maxwell P, Mon-
tironi R, et al. Epigenetic events, remodelling enzymes and their
relationship to chromatin organization in prostatic intraepithe-
lial neoplasia and prostatic adenocarcinoma. BJU Int 2007;99(4):
908–915.

3. Stopka T, Skoultchi AI. The ISWI ATPase Snf2h is required for
early mouse development. PNAS 2003;100(24):14097–14102.

4. Becker PB, Horz W. ATP-dependent nucleosome remodeling.
Annu Rev Biochem 2002;71:247–273.

5. Fyodorov DV, Kadonaga JT. The many faces of chromatin remod-
eling: switching beyond transcription. Cell 2001;106(5):523–525.

6. Varga-Weisz, P.. ATP-dependent chromatin remodeling factors:
nucleosome shufflers with many missions. Oncogene 2001;20(24):
3076–3085.

7. Reisman D, Glaros S, Thompson EA. The SWI/SNF complex and
cancer. Oncogene 2009;28(14):1653–1668.

8. Li LC, Dahiya R. MethPrimer: designing primers for methylation
PCRs. Bioinformatics (Oxford, England) 2002;18(11):1427–1431.

9. Akiyama Y. TFSEARCH: searching Transcription Factor Bind-
ing Sites. Available from: http://www.cbrc.jp/research/db/
TFSEARCH.html.

10. Richardson B. Impact of aging on DNA methylation. Ageing Res
Rev 2003;2(3):245–261.

11. Lauren P. The two histological main types of gastric carcinoma:
diffuse and so-called intestinal-type carcinoma. An attempt at
a histo-clinical classification. Acta pathologica et microbiologica
Scandinavica 1965;64:31–49.

12. Sobin LH, Wittekind CH. TNM: Classification of Malignant Tu-
mours, 6th edition. New York: Wiley-Liss, 2002.

13. Herman JG, Graff JR, Myohanen S, Nelkin BD, Baylin SB.
Methylation-specific PCR: a novel PCR assay for methylation sta-
tus of CpG islands. PNAS 1996;93(18):9821–9826.

14. Silva PN, Gigek CO, Leal MF, Bertolucci PH, de Labio RW, Payao
SL, et al. Promoter methylation analysis of SIRT3, SMARCA5,
HTERT and CDH1 genes in aging and Alzheimer’s disease. J
Alzheimers Dis 2008;13(2):173–176.

15. Stopka T, Zakova D, Fuchs O, Kubrova O, Blafkova J, Jelinek
J, et al. Chromatin remodeling gene SMARCA5 is dysregulated
in primitive hematopoietic cells of acute leukemia. Leukemia
2000;14(7):1247–1252.

16. Collins N, Poot RA, Kukimoto I, Garcia-Jimenez C, Dellaire G,
Varga-Weisz PD. An ACF1-ISWI chromatin-remodeling complex
is required for DNA replication through heterochromatin. Nat
Genet 2002;32(4):627–632.

17. Aihara T, Miyoshi Y, Koyama K, Suzuki M, Takahashi E, Monden
M, et al. Cloning and mapping of SMARCA5 encoding hSNF2H,
a novel human homologue of Drosophila ISWI. Cytogenet Cell
Genet 1998;81(3–4):191–193.

18. Varga-Weisz, P.D., Becker PB. Chromatin-remodeling factors:
machines that regulate? Curr Opin Cell Biol 1998;10(3):346–353.

19. Corona DF, Langst G, Clapier CR, Bonte EJ, Ferrari S, Tamkun
JW, et al. ISWI is an ATP-dependent nucleosome remodeling fac-
tor. Mol Cell 1999;3(2):239–245.

20. Falbo KB, Shen X. Chromatin remodeling in DNA replication. J
Cell Biochem 2006;97(4):684–689.

Copyright C© 2011 Informa Healthcare USA, Inc.

Regulação Epigenética no Envelhecimento e no Câncer Gástrico 
Página | 88

Artigos



 C. O. Gigek et al.

21. Kingston RE, Narlikar GJ. ATP-dependent remodeling and
acetylation as regulators of chromatin fluidity. Genes & Dev
1999;13(18):2339–2352.

22. Nagase H, Ghosh S. Epigenetics: differential DNA methylation in
mammalian somatic tissues. FEBS J 2008;275(8):1617–1623.

23. Esteller M. CpG island hypermethylation and tumor suppres-
sor genes: a booming present, a brighter future. Oncogene 2002;
21(35):5427–5440.

24. Leal MF, Lima EM, Silva PN, Assumpcao PP, Calcagno DQ, Payao
SL, et al. Promoter hypermethylation of CDH1, FHIT, MTAP and
PLAGL1 in gastric adenocarcinoma in individuals from Northern
Brazil. World J Gastroenterol 2007;13(18):2568–2574.

25. Lima EM, Leal MF, Motta FJN, Assumpcao PP, Harada ML, C.
SMA, et al. Study of methylation pattern of de Novo DNA methy-
transferase genes and its correlation with DNA methylation pat-
tern of RUNX3 in individuals with gastric cancer from northern
region of Brazil. Int J Morphol 2007;25(4):817–824.

26. Lima EM, Leal MF, Burbano RR, Khayat AS, Assumpcao PP, Bello
MJ, et al. Methylation status of ANAPC1, CDKN2A and TP53 pro-
moter genes in individuals with gastric cancer. Braz J Med Biol Res
2008;41(6):539–543.

27. Moura Lima, E., Ferreira Leal M, Cardoso Smith Mde A,
Rodriguez Burbano R, Pimentel de Assumpcao P, Bello MJ,
et al. DNA mismatch repair gene methylation in gastric can-
cer in individuals from northern Brazil. Biocell 2008;32(3):237–
243.

28. Gigek CO, Leal MF, Silva PNO, Lisboa LCF, Lima EM, Calcagno
DQ, et al. hTERT methylation and expression in gastric cancer.
Biomarkers 2009;14(8):630.

29. Gigek CO, Leal MF, Lisboa LC, Silva PN, Chen ES, Lima EM, et al.
Insulin-like growth factor binding protein-3 gene methylation and
protein expression in gastric adenocarcinoma. Growth Horm IGF
Res 2010;20(3):234–238.

Cancer Investigation

Regulação Epigenética no Envelhecimento e no Câncer Gástrico 
Página | 89

Artigos



Regulação Epigenética no Envelhecimento e no Câncer Gástrico 
P á g i n a  | 90 

 

Artigos 
 

4.2 Artigos submetidos 

4.2.1 Epigenetic pattern, mRNA and protein expression of E-cadherin and 

Caveolin-1 in gastric adenocarcinoma 

Submetido como Original Research à revista “Cancer Causes and Control” em 

08/03/11. 

 

Epigenetic pattern, mRNA and protein expression of E-cadherin 

and Caveolin-1 in gastric adenocarcinoma 

Short Title: CDH1 and CAV1 methylation, mRNA and protein 

expression 

Carolina Oliveira Gigek1; Mariana Ferreira Leal1; Patricia Natalia 

Oliveira Silva1; Luara Carolina Frias Lisboa1; Eleonidas Moura Lima2; Danielle 

Queiroz Calcagno3; Bárbara do Nascimento Borges3; Paulo Pimentel 

Assumpção4; Rommel Rodriguez Burbano3; Marilia de Arruda Cardoso Smith1 

 

1Disciplina de Genética, Departamento de Morfologia e Genética, 

Universidade Federal de São Paulo, São Paulo, SP; 

2Laboratório de Genética Humana e Oncogenética, Departamento 

de Biologia Molecular, Universidade Federal do Piauí, João Pessoa, PB; 

3Laborátorio de Citogenética Humana, Instituto de Ciências 

Biológicas, Universidade Federal do Pará, Belém, PA;  

4Serviço de Cirurgia, Hospital Universitário João de Barros 

Barreto, Universidade Federal do Pará, Belém, PA. 

 

ABSTRACT 

Plasma membrane proteins are potential drug targets and 

diagnostic markers. E-cadherin contributes to cell-cell adhesion and Caveolin-1 

is an integral membrane protein. Their respective genes have potential sites for 

epigenetic regulation by DNA methylation. Epigenetic modifications have a 

central role in several types of cancer, including gastric adenocarcinoma. 

Immunostaining, mRNA and DNA methylation were analyzed in neoplastic and 

non-neoplastic gastric samples. Lack of E-cadherin was associated with gastric 
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carcinogenesis and with metastasis, whereas Caveolin-1 expression was 

associated with gastric cancer and with H. pylori infection in diffuse type gastric 

cancer. Higher CAV1 mRNA levels were also correlated with gastric cancer 

samples. CDH1 and CAV1 methylation status did not differ between gastric 

cancer and normal mucosa. Our data showed an inverse relationship between 

E-cadherin and Caveolin-1 expression. E-cadherin was associated with gastric 

cancer and with a metastatic phenotype and Caveolin-1 seems to have a role 

as a pro-tumorigenic factor.  

  

INTRODUCTION 

Plasma membrane proteins play a role in cell signalling, 

adaptation to environment and cell–matrix interactions, and are also involved in 

the acquisition and maintenance of invasive and metastatic properties of tumour 

cells. These proteins are potential drug targets and diagnostic markers [1]. 

E-cadherin is a member of calcium-dependent adherins and 

contributes to cell-cell adhesion [2]. It has been proposed that loss of E-

cadherin-mediated cell-cell adhesion has a role in tumor cell invasion and 

metastasis [3]. Moreover, E-cadherin was suggested to modulate intracellular 

signaling, thus promoting tumor growth [4, 5]. 

The E-cadherin gene (CDH1) is one of the most important tumor 

suppressor genes in gastric cancer. Genetic alterations such as mutations and 

chromosomal deletions as well as epigenetic modifications have been reported 

to be involved in CDH1 inactivation [6-9]. Loss of E-cadherin expression is more 

frequently associated to methylation of CDH1 promoter region [10], which 

contains a GC-rich region at -40 from start transcription site [11-13]. 

Therefore, the molecular mechanism of CDH1 gene silencing may 

be of great importance in understanding the metastatic process. Lack of CDH1 

expression due to methylation has been reported in some human cancer cells 

[14, 15]. 

Caveolin-1 is an integral membrane protein in caveolae, which are 

invaginations in the plasma membrane. It has been implicated in diverse cellular 

processes such as cholesterol homeostasis, vesicular transport, cell migration, 

cell cycle, regulation of cell transformation and signal transduction [16]. 
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Associated functions of Caveolin-1 in tumors are controversial 

depending upon tissue types and stages of cancer [17]. In fact, it is still 

unknown whether Cav-1 acts as a tumor suppressor [5, 18] or a tumor 

promoter, increasing invasive and metastatic potentials [17] in gastric 

carcinogenesis. 

A detailed analysis of CAV1 has shown that exons 1 e 2 are 

embedded within CpG islands, being potential sites for epigenetic regulation by 

DNA methylation [19]. Indeed, promoter methylation of this gene has already 

been investigated in several tumors, such as prostate [20, 21], breast [22], 

colorectal [23] and ovarian [24]. Nevertheless, there are no data of CAV1 

promoter methylation in gastric tissue samples. 

Gastric cancer is the fourth most common type of neoplasia and 

the second most prevalent cause of cancer death worldwide [25]. Gastric 

adenocarcinoma has poor prognosis and high mortality, therefore remaining a 

health issue. In the state of Pará, northern Brazil, the gastric cancer mortality 

rates are higher than the national average rate [26]. A better understanding of 

the biology of this neoplasia progression is crucial for the development of better 

tests to early neoplasia detection and may help to predict the disease 

prognosis. 

Epigenetic modifications have a central role in several types of 

cancer, including gastric adenocarcinoma. In tumors, global reduction of DNA 

methylation (hypomethylation) has been suggested to induce chromosome 

instabilities and transcriptional activation of oncogenes and prometastatic 

genes, leading to initiation and propagation of oncogenesis [27]. In contrast, a 

region- and gene-specific increase of methylation (hypermethylation) of multiple 

CpG islands has been shown in the carcinogenesis process [28] and is often 

associated with transcriptional silencing of the associated gene [27]. 

This study aimed to evaluate E-cadherin and Caveolin-1 protein 

expression in gastric adenocarcinoma from individuals of North Brazil, and to 

elucidate the epigenetic mechanism involved in the control of these proteins 

expression by correlating protein expression with promoter methylation of these 

genes. 

MATERIAL AND METHODS 

1. Casuistic 
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All the gastric samples were obtained surgically from João de 

Barros Barreto University Hospital (HUJBB) in Pará State, Brazil. This 

population is composed of interethnic crosses among three main origin groups: 

European (mainly represented by Portuguese), Africans and Amerindians [29]. 

Informed consent with approval of the ethics committee of HUJBB was 

obtained. All samples were classified according to Laurén [30] and tumors were 

staged using standard criteria by TNM staging [31]. All patients had negative 

histories of exposure to either chemotherapy or radiotherapy before surgery and 

there was no other co-occurrence of diagnosed cancers. 

2. Immunohistochemical staining 

E-cadherin protein expression was evaluated in formalin-fixed 

paraffin embedded tissues of 78 samples of gastric mucosa. Among these 

samples, 58 were sporadic gastric adenocarcinoma and 20 were non-neoplastic 

and non-infiltrated gastric mucosa. Caveolin-1 protein expression was analyzed 

in 75 samples of gastric mucosa formalin-fixed, 57 neoplastic and 18 non-

neoplastic gastric tissue.  

Antigen retrieval was performed by microwave treatment 20 min at 

900 W in a citrate buffer, pH 6.0. After cooling, sections were immersed in 0.3% 

hydrogen peroxide in phosphate-buffered saline (PBS) for 10 minutes to block 

endogenous peroxidase activity. Sections were then incubated in a humid 

chamber overnight with E-cadherin primary antibody (NCH-38, DAKO, USA) or 

Caveolin-1 primary antibody (N20 sc894, Santa Cruz Biotechnology, USA). 

After the PBS rinse, slides were incubated with secondary antibody and then 

with streptavidin-biotin-peroxidase complex, both for 30 minutes at room 

temperature with a PBS wash between each step. Slides were visualized with 

diaminobenzidine-hydrogen peroxide and counterstained with Harry’s 

hematoxylin. 

Positive protein expression was defined as clear cellular staining, 

whereas negative immunostaining was considered when no positive cells were 

observed or in rare cases (less than 25% weakly stained tumor cells) (Figure 1). 

Normal gastric mucosa was used as an internal control. Two pathologists 

evaluated the immunostaining results independently. 

3. Methylation specific PCR (MSP) 
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CDH1 and CAV1 methylation pattern were evaluated in 158 and 

131 samples of gastric tissue, respectively. Genomic DNA (200 ng) of gastric 

tissue samples underwent bisulfite modification using EpiTect Bisulfite kit 

(Qiagen, Germany) according to the manufacturer’s instructions, converting 

unmethylated cytosines to uracils and leaving methylated cytosines unchanged. 

MSP was performed on treated DNA as previously described [32]. MSP for 

CDH1 was performed as previously described [33]. Specific primers for CAV1 

promoter, were as follows: 5’-GAAAATATTTGTTTTTTTTGGGAT-3’ (sense) 

and 5’- ACAAATAAAAACATTTCTCCCACA-3’ (antisense) for the unmethylated 

reactions; 5’-TTTCGGGACGTTTTTCGGTGGT-3’ (sense) and 5’- 

TAAAAACGTTTCTCCCGCGCTA-3’ (antisense) for the methylated reactions, 

with PCR products of 116 bp and 96 bp respectively. Briefly, PCR reaction was 

carried out in a 25 mL volume with 200 mmol/L of MgCl2, 100 ng of DNA, 200 

pmol/L of primers and 1.25 units of Taq DNA polymerase. After initial 

denaturation for 5 min at 94ºC, 40 cycles of 94ºC for 45 s, at 57.8ºC for 45 s, 

and 72ºC for 30 s were carried out, followed by a final extension for 5 min at 

72ºC. 

Results were scored when there was a clear and visible band on 

the electrophoresis gel with the methylated or unmethylated primers. 

Hypermethylation was considered only in the presence of methylated band 

(Figure 2). 

4. TaqMan quantitative RT-PCR analysis 

Complementary DNA was synthesized using High Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems) from RNA of approximately 40 

gastric tissue extracted with AllPrep DNA/RNA/Protein Mini Kit (Qiagen) 

according to the manufacturer’s instructions. Taqman RT-PCR for CDH1 

(Hs01013953_m1) and CAV1 (Hs00971716_m1) were performed using and 

ABI 7500 Fast System. The expression levels were normalized to ACTB gene 

(Hs03023943_g1 ). 

5. Statistical analyses 

Statistical analyses were performed using the χ2 test or Fisher’s 

exact test to assess associations between the expression or methylation status 

and clinicopathological characteristics. χ2 test was also used to correlate CDH1 

and CAV1 methylation status with its respective protein expression. Student’s 
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paired t or Wilcoxon tests were used to compare RNAm expression with 

clinicopathological characteristics. P-values < 0.05 were regarded as 

statistically significant. 

RESULTS 

E-cadherin and Caveolin-1 IHC 

E-cadherin immunostaining was observed in all cases of normal 

gastric mucosa and in 36.2% of tumor samples. Lack of E-cadherin was 

associated with gastric carcinogenesis (p<0.0001) and with metastasis 

(p=0.0035). Absence of E-cadherin expression was significantly higher in 

diffuse than in intestinal type gastric cancer (0.9063 vs 0.3077, p<0.0001) 

(Table 1). 

Only one sample of normal gastric mucosa (5.6%) presented 

Caveolin-1 expression, while 84.2% of neoplastic samples had positive 

immunostaining. Hence, Caveolin-1 expression was associated with gastric 

cancer (p<0.0001). Caveolin-1 immunostaining was also more frequently 

observed in intestinal than in diffuse type gastric cancer (1 vs 0.6786, 

p=0.0008). In addition, Caveolin-1 expression was associated with H. pylori 

infection (p=0.0196) in diffuse type gastric cancer (data not shown).  

Taken together, an inverse relationship between E-cadherin and 

Caveolin-1 expression (p=0.0259) was observed in our gastric samples. 

CDH1 and CAV1 gene promother methylation  

Methylated CDH1 promoter was observed in 90.4% and 90.6% of 

normal mucosa and tumor samples, respectively (Table 2). CDH1 methylation 

status did not differ between gastric cancer and normal mucosa, as well as 

between the diffuse and intestinal type. CDH1 methylation and protein 

expression were both evaluated in 56 gastric tumor and in 20 normal gastric 

mucosa samples. Our findings did not show a correlation between methylation 

pattern and protein expression, although all samples with E-cadherin 

expression presented methylated sequences (Table 3).  

Presence of CAV1 promoter methylation was observed in 100% of 

normal gastric mucosa and 97.7% of gastric cancer samples. Hypermethylated 

CAV1 samples were observed in 27.9% and 34.1% of non-neoplastic and 

neoplastic samples, respectively. CAV1 methylation frequencies did not differ 

between non-neoplastic and neoplastic samples (Table 2). CAV1 methylation 
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and protein expression were both evaluated in 56 gastric cancer and in 17 

normal gastric mucosa samples. We observed an association between 

hypermethylated CAV1 promoter and no Caveolin-1 expression in tumor 

samples (p=0.0001) (Table 3). No association between CDH1 and CAV1 

promoter methylation status was found. 

Quantitative RT-PCR analysis of CDH1 and CAV1 expression. 

We next performed quantitative RT-PCR on complementary DNA 

from gastric samples. We analyzed 17-paired samples for CDH1 mRNA and 

differences of expression were observed (Figure 3A). For CAV1 mRNA, 37-

paired samples were analyzed, and were significantly increased in tumors 

samples (5.3781 ± 1.6950) than in normal gastric mucosa (4.2630 ± 1.5015) 

(p=0.0004) (Figure 3B). Relative quantification of CDH1 and CAV1 mRNA did 

not show any association with clinicopathological characteristics. 

DISCUSSION 

In the present study, 63.8% of tumor samples did not present E-

cadherin immunoreactivity and absence of this protein was associated with 

gastric carcinogenesis (Table 1). This association has been widely described in 

gastric cancer from patients from other populations. Decreased expression of E-

cadherin has been observed in this neoplasia ranging from 17-92%, depending 

on the methodology and the definition used [34]. Moreover, our findings also 

showed that lack of E-cadherin is more frequent in diffuse than intestinal type 

cancer, confirming previous studies in sporadic gastric adenocarcinomas [35-

37]. Here, we also reported a negative correlation between E-cadherin 

expression and metastasis, supporting the hypothesis that loss of E-cadherin 

expression is a prerequisite for tumor cell invasion and metastasis [3, 4].  

Loss of E-cadherin mediated cell-cell adhesion may also affect the 

Wnt-signaling pathway, including the modulation of MYC gene [39, 40], an 

important oncogene in gastric carcinogenesis [41]. In previous studies, we have 

observed that all gastric cancer samples of individuals from Northern Brazil, 

including early gastric cancer, presented positive MYC immunoreactivity [42-

44]. 

We did not observed any differences between quantification of 

CDH1 mRNA from neoplastic and non-neoplastic gastric samples. This may 
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reflect an unknown regulatory mechanism that affects this protein translation. A 

recent study reports E-cadherin regulation by miRNA in breast cancer [38]. 

CDH1 promoter methylation has been indicated as the main 

mechanism of E-cadherin inactivation in gastric cancer. Several studies have 

reported a strong association between CDH1 methylation and the decrease/lack 

of its expression [34, 45, 46] (Table 2). However, we did not observe an 

association between CDH1 methylation and protein expression, probably due to 

the higher frequency of promoter methylation in our sample. 

The frequency of CDH1 promoter methylation was about 90% in 

both neoplastic and non-neoplastic specimens. Thus, no association between 

CDH1 methylation and the carcinogenesis process was found, corroborating 

data from Zazula et al [47]. In a previous study with a smaller sample size, we 

had shown that all advanced gastric tumors of individuals from Northern Brazil 

presented CDH1 methylated sequences [33]. 

The stomach presents the highest level of methylated CpG island 

in non-neoplastic cells, along with age-related methylation that reflects 

increased CpG island methylation frequency in gastric cancer [48]. Moreover, 

our research group did not observe the influence of aging in CDH1 methylation 

pattern in peripheral lymphocytes [49], suggesting that increased frequency of 

CDH1 methylation in the aging process is tissue specific or limited to gastric 

mucosa. The high frequency of methylation in the stomach might be related to 

the accessibility of the tissue to exogenous agents, such as dietary factors or 

heavy metals to which it is directly exposed [50]. Reactive oxygen species – 

caused, in example, by H. pylori – may also play a role in aging-related 

methylation in the stomach [51, 52]. 

Here we describe that Caveolin-1 expression in 84.2% of the 

gastric adenocarcinomas while only 5.6% of normal gastric tissue presented 

positive staining, suggesting a pro-tumorigenic action in this malignancy (Table 

1). Higher mRNA levels are also observed in tumor samples, when compared to 

normal gastric mucosa (Figure 3). However, the literature data is controversial. 

Burgermeister et al [53] and Gao et al [54] described only 7% and 17.9%, 

respectively, of Caveolin-1 expression in gastric cancer. On the other hand, a 

more recent study relates 94% of Caveolin-1 expression in neoplastic gastric 

cells [55], thus similar to our study. It was suggested that Caveolin-1 is down-
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