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Abstract. Gastric cancer is one of the leading death-causing tumors worldwide, for which the prevalence and mortality rates are very high in developed countries. Caveolin-1 (Cav-1) is the main protein in caveolae family and plays a role in tumorigenesis signaling. The contribution of Cav-1 genetic variants to gastric cancer is still largely unknown. In this study, we aimed at investigating the role of Cav-1 genotypes in gastric cancer risk. We have recruited 358 gastric patients and 358 cancer-free controls for Cav-1 genotyping analysis. The six single nucleotide polymorphisms (SNPs) on Cav-1, C521A (rs1997623), G14713A (rs3807987), G21985A (12672038), T28608A (rs3757733), T29107A (rs7804372), and G32124A (rs3807992), were genotyped by PCR-RFLP method. There was a significant difference between the gastric cancer and control groups in the genotypic frequency distribution of the Cav-1 G14713A genotypes (P=1.24*10-5), and people carrying A allele have higher risk for gastric cancer compare with those of GG genotype (P=0.0001). Our findings suggested that Cav-1 genotype may determine the individual susceptibility to gastric cancer, and Cav-1 G14713A genotype may serve as a novel biomarker for gastric cancer early detection and prediction.
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Gastric cancer is reported to be more common in male and in elder people aged 50 years or older (1-3). In literature, obesity, smoking, salt intake and Helicobacter pylori (H. pylori) infection are important risk factors for gastric cancer (4, 5). Geographically speaking, gastric cancer is prevalent in developing countries in East Asia, East Europe and South America; while the incidence is low in North America and Africa (2). Clinically the prognosis of gastric cancer is usual poor with a 5-year survival less than 20% for advanced disease (3). There are some beneficial developments in decreasing the incidence of gastric cancer in the two decades, such as the increasing use of refrigerators, the lowering dependence on salts to preserve food, the elevating availability and intake of fresh fruits and vegetables, and the effective control of chronic infection with H. pylori. However, it remains as a critical cancer threat accounting for 8% of the total cancer incidence and 10% of the total cancer death worldwide (2). 
The major caveolin proteins, caveolin-1, -2 and -3, serve as the scaffolding proteins in charge of recruiting related signaling molecules to the caveolae and regulating their activity. Results gathered from caveolin-deficient animal models have indicated that caveolins play a role in diabetes, cancer, cardiovascular diseases, atherosclerosis, pulmonary fibrosis and a variety of degenerative muscular dystrophies (6). Among the caveolin proteins, caveolin-1 (Cav-1) is a protein of 178 amino acids which was identified as a tumor suppressor gene originally in 1989 (7). However, in the following years scientists found that the expression levels of Cav-1 vary among different types of cancer. For instance, Cav-1 is down-regulated in sarcoma, lung carcinoma and ovarian carcinoma (8-10). On the contrary, increased expression of Cav-1 has been reported to associate with the metastasis of prostate cancer and esophageal squamous cell carcinoma (11, 12). The above reports strongly indicate that the role of Cav-1 may be very complicated and tissue dependent. In literature, some epidemiological studies have investigated the association between the genotype of Cav-1 and the risk for several types of cancer, including hepatoma (13), nasopharyngeal carcinoma (14), non-small cell lung carcinoma (15), prostate (16-18), breast (19, 20), oral (21), colorectal (22) and bladder cancer (23). However, there was no literature investigating the association of Cav-1 genotype and gastric cancer risk. Thus, the specific aim of this study was to determine the genotypic frequency of six polymorphisms of the Cav-1 gene at C521A (rs1997623), G14713A (rs3807987), G21985A (12672038), T28608A (rs3757733), T29107A (rs7804372), and G32124A (rs3807992) in Taiwan gastric cancer population and the feasibility of them to serve as potential gastric cancer marker.
Materials and Methods
Study population. Three hundred and fifty eight patients diagnosed with gastric cancer were recruited at the outpatient clinics of general surgery between 2001-2009 at the China Medical University Hospital, Taichung, Taiwan, Republic of China. The mean age of the gastric cancer patients and the controls were 63.8 (range = 38 to 81, SD = 11.4) and 62.1 (range = 39 to 79, SD = 9.5) years, respectively (More details please check Table I). All subjects voluntarily participated, completed a self-administered questionnaire and provided their peripheral blood samples. The equal amount of non-cancer healthy people was selected by matching for age and gender after initial random sampling from the Health Examination Cohort of the hospital as controls. Our study was approved by the Institutional Review Board of the China Medical University Hospital and written-informed consent was obtained from all participants.
PCR-restriction fragment length polymorphism genotyping conditions. Genomic DNA of each participant was prepared from peripheral blood leucocytes using a QIAamp Blood Mini Kit (Blossom, Taipei, Taiwan) and further processed according to our previous articles (24-26). The polymerase chain reaction (PCR) cycling conditions were: one cycle at 94°C for 5 min; 35 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s; and a final extension at 72°C for 10 min. Pairs of PCR primer sequences and restriction enzyme for each DNA product are all listed in Table II.
Statistical analyses. To ensure that the controls used were representative of the general population and to exclude the possibility of genotyping error, the deviation of the genotype frequencies of Cav-1 single nucleotide polymorphisms in the control subjects from those expected under the Hardy-Weinberg equilibrium was assessed using the goodness-of-fit test. Pearson’s Chi-square test or Fisher’s exact test (when the expected number in any cell was less than five) was used to compare the distribution of the Cav-1 genotypes between cases and controls. The associations between the Cav-1 polymorphisms and gastric cancer risk were estimated by computing odds ratios (ORs) and their 95% confidence intervals (CIs) from unconditional logistic regression analysis with the adjustment for possible confounders. P < 0.05 was considered statistically significant, and all statistical tests were two-sided.

Results

In Table I, the distributions of age, gender and cigarette smoking habits of the investigated subjects are summarized and analyzed. There was no difference in the distribution of these characteristics between gastric cancer patient and control groups (Table I).

The genotypic frequencies for Cav-1 C521A, G14713A, G21985A, T28608A, T29107A and G32124A among the controls and gastric cancer patients are shown in Table III. Among the six SNPs investigated, the genotypic pattern of Cav-1 G14713A was differentially distributed among the gastric cancer patients and non-cancer controls, and The P for trend was significant (P = 1.24*10-5). In detail, the percentages of GG, AG and AA genotypes was 65.7, 25.1 and 9.2% for the controls, and 48.0, 38.0 and 14.0% for the patients (Table III). The AG and AA genotypes were of higher percentages in the patients than in the controls (Table III). As for the Cav-1 C521A, G21985A, T28608A, T29107A and G32124A, there was no difference between gastric cancer patient and control groups in the distribution in the genotypic frequency at these SNPs (Table III). To sum up, the genotypic frequency distribution analysis indicated that individuals carrying AG or GG on Cav-1 G14713A were at higher risk of gastric cancer.


The allelic distributions of Cav-1 C521A, G14713A, G21985A, T28608A, T29107A and G32124A among the controls and gastric cancer patients are shown in Table IV. Among the six SNPs investigated, only the distribution of Cav-1 G14713A seemed to be differentially distributed (P = 0.0001). In detail, the percentage of risky A allele was much higher in the patients (33.0%) than in the controls (21.8%) (Table IV). As for the Cav-1 C521A, G21985A, T28608A, T29107A and G32124A, there was no difference between gastric cancer patient and control groups in the distribution in the allelic frequency at these SNPs (Table III). Supporting the results in Table III, the allelic frequency distribution analysis indicated that individuals carrying A allele on Cav-1 G14713A were at higher risk of gastric cancer.
Discussion
In literature, the association of Cav-1 genotypes with several types of cancer has been studied (13-23), but never in gastric cancer. In the current study, we aimed at investigating the association of Cav-1 genotypes and gastric cancer risk in Taiwan. In the study design, we have selected and genotyped up to six SNPs (C521A, G14713A, G21985A, T28608A, T29107A, and G32124A) among the 358 gastric cancer cases and 358 non-cancer controls. After the genotypic frequency distribution analysis, it was found that individuals carrying the AG and AA genotypes were of higher risk of gastric cancer compared with those carrying GG genotype on Cav-1 G14713A (Table III). As for the other SNPs, there was no differential genotype distribution among the case and control subjects (Table III). Furthermore, the results of allelic frequency distribution analysis supported the idea that those individuals carrying the A allele were of higher risk of gastric cancer compared with those carrying G allele on Cav-1 G14713A (Table IV). There is no gene-environment interaction for Cav-1 G14713A and smoking habit (data not shown), however, whether Cav-1 G14713A genotype has interaction with other environmental factors, such as H. pylori. infection and/or fruit and vegetable intakes, needs further investigation.
The Cav-1 G14713A mapped to the intron region of Cav-1 gene and the polymorphic alteration does not direct result in different amino acid coding. The further investigating of whether the Cav-1 G14713A SNP could influence the downstream mRNA and protein levels are of great interest. In supporting this idea, Hsu and his colleagues in the study of hepatocellular carcinoma, have found that the tissues from those with Cav-1 G14713A AG and AA genotypes indeed had higher expression levels of the Cav-1 mRNA and protein than those from GG genotype (13). The A allele of Cav-1 G14713A might somehow code for a higher level of Cav-1 mRNA, which leaded to an increased expression of Cav-1 protein and elevated the cancer risk. To the best of our knowledge, this is the first study of the genotypic role of Cav-1 in gastric cancer.

The functional investigating from mRNA and protein levels for the role of Cav-1 in gastric cancer is still lacking. In literature, most of the evidence came from the studies in the mouse model and the elevation of Cav-1 seemed to enhance carcinogenesis while the inhibition of Cav-1 could suppress the antiapoptotic, migration and invasion capacities of cancer cells (27-29) Although it is still not well understood about the genotype-phenotype correlation for Cav-1 G14713A, in this paper we reported that the A allele of Cav-1 G14713A may be a risky biomarker associated with higher risk of gastric cancer. 

In conclusion, our present study firstly found that the Cav-1 G14713A AG and AA variant genotypes were associated with a higher Taiwan gastric cancer risk, and the A allele on Cav-1 G14713A may serve a predictor for higher gastric cancer risk.
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Table I. Distributions of selected characteristics among gastric cancer patients and controls.
	Characteristics
	Controls (n = 358)
	
	Patients (n = 358)
	Pa

	
	n
	%
	Mean (SD)
	
	n
	%
	Mean (SD)
	

	Age (y)
	
	
	62.1 (9.5)
	
	
	
	63.8 (11.4)
	0.58

	Gender
	
	
	
	
	
	
	
	0.22

	  Male
	242
	67.6%
	
	
	258
	72.1%
	
	

	  Female
	116
	32.4%
	
	
	100
	27.9%
	
	

	Habit
	
	
	
	
	
	
	
	

	Cigarette smokers
	234
	65.4%
	
	
	256
	71.5%
	
	0.09

	Non-smokers
	124
	34.6%
	
	
	102
	28.5%
	
	


aP based on two-sided Chi-square test without Yate’s correction.

Table II. The primer sequences, polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) conditions for Caveolin-1 gene polymorphisms.
	Polymorphisms (locations)
	Primer sequences
	Restriction enzyme
	SNP sequence
	DNA fragment size (bp)

	C521A (rs1997623)
	F: 5’-GTGTCCGCTTCTGC TATCTG-3’
R: 5’-GCCAAGATGCAGAAGGAG TT-3’
	Avr II
	C

T
	485 bp

315 + 170 bp

	G14713A (rs3807987)
	F: 5’-CCTTCCAGTAAGCAAGCTGT-3’
R: 5’-CCTCTCAATCTTGCCATAGT-3’
	Bfa I
	A

G
	268 bp

202 + 66 bp

	G21985A (rs12672038)
	F: 5’-GGTGTCAGCAAGGCTATGCT-3’
R: 5’-CCAGACACTCAGAATGTGAC-3’
	Hae III
	A

G
	251 + 43 bp

153 + 98 + 43 bp

	T28608A (rs3757733)
	F: 5’-GCTCAACCTCATCTGAGGCA-3’
R: 5’-GGCCTATTGTTGAGTGGATG-3’
	Tsp509 I
	T

A
	298 bp
198 + 100 bp

	T29107A (rs7804372)
	F: 5’-GCCTGAATTGCAATCCTGTG-3’
R: 5’-ACGGTGTGAACACGGACATT-3’
	Sau3AI
	A

T
	336 bp

172 + 164 bp

	G32124A (rs3807992)
	F: 5’-GGTGTCTTGCAGTTGAATG-3’
R: 5’-ACGGAGCTACTCAGTGCCAA-3’
	Nla III
	A

T
	213+142+67 bp
142+118+95+67 bp


*F and R indicate forward and reverse primers, respectively

Table III. Distribution of Caveolin-1 genotypes among gastric cancer patients and controls.
	Genotype
	Controls
	  %
	
	Patients
	  %
	
	p-Valuea

	C521A rs1997623
	
	
	
	
	
	
	0.4750

	CC
	351
	98.0%
	
	347
	96.9%
	
	

	AC
	7
	2.0%
	
	11
	3.1%
	
	

	AA
	0
	0.0%
	
	0
	0.0%
	
	

	G14713A rs3807987
	
	
	
	
	
	
	1.24×10-5

	GG
	235
	65.7%
	
	172
	48.0%
	
	

	AG
	90
	25.1%
	
	136
	38.0%
	
	

	AA
	33
	9.2%
	
	50
	14.0%
	
	

	G21985A rs12672038
	
	
	
	
	
	
	0.9725

	GG
	212
	59.2%
	
	215
	60.1%
	
	

	AG
	117
	32.7%
	
	115
	32.1%
	
	

	AA
	29
	8.1%
	
	28
	 7.8%
	
	

	T28608A rs3757733
	
	
	
	
	
	
	0.7157

	TT
	208
	58.1%
	
	215
	60.1%
	
	

	AT
	116
	32.4%
	
	115
	32.1%
	
	

	AA
	34
	9.5%
	
	28
	7.8%
	
	

	T29107A rs7804372
	
	
	
	
	
	
	0.9437

	TT
	192
	53.6%
	
	188
	52.5%
	
	

	AT
	133
	37.2%
	
	135
	37.7%
	
	

	AA
	33
	9.2%
	
	35
	9.8%
	
	

	G32124A rs3807992
	
	
	
	
	
	
	0.8001

	GG
	175
	48.9%
	
	183
	51.1%
	
	

	AG
	143
	40.0%
	
	137
	38.8%
	
	

	AA
	40
	11.1%
	
	36
	10.1%
	
	


aBased on chi-square test.

Table IV. Distribution of alleles for Caveolin-1 gene among gastric cancer patients and controls.
	Allele
	Controls
	%
	
	Patients
	%
	
	p-Valuea

	C521A rs1997623
	
	
	
	
	
	
	0.4779

	  Allele C
	709
	99.0%
	
	705
	98.5%
	
	

	  Allele A
	7
	1.0%
	
	11
	1.5%
	
	

	G14713A rs3807987
	
	
	
	
	
	
	0.0001

	  Allele G
	560
	78.2%
	
	480
	67.0%
	
	

	  Allele A
	156
	21.8%
	
	236
	33.0%
	
	

	G21985A rs12672038
	
	
	
	
	
	
	0.8531

	  Allele G
	541
	75.6%
	
	545
	76.1%
	
	

	  Allele A
	175
	24.4%
	
	171
	23.9%
	
	

	T28608A rs3757733
	
	
	
	
	
	
	0.4628

	  Allele T
	532
	74.3%
	
	543
	77.0%
	
	

	  Allele A
	184
	25.7%
	
	171
	23.0%
	
	

	T29107A rs7804372
	
	
	
	
	
	
	0.7691

	  Allele T
	517
	72.2%
	
	511
	71.4%
	
	

	  Allele A
	199
	27.8%
	
	205
	28.6%
	
	

	G32124A rs3807992
	
	
	
	
	
	
	0.4894

	  Allele G
	493
	68.9%
	
	503
	70.7%
	
	

	  Allele A
	223
	31.1%
	
	209
	29.3%
	
	


aBased on chi-square test
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