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Abstract. Renal cell carcinoma (RCC) accounts for about 3% of all cancer-related mortalities all over the world and the risk factors for the development of RCC remain not elucidated. Mounting evidence showed that over-expression of cyclooxygenase 2 (COX-2) are commonly found in malignant tumors including RCC. However, the contribution of genotypic variations for COX-2 to RCC was never studied. We hypothesized that variant in COX-2 gene was associated with the susceptibility risk of RCC in Taiwan. In the hospital-based case–control study, 92 RCC patients and 580 age- and gender-matched cancer-free controls were recruited and the associations of COX-2 A-1195G, G-765C, T+8473C, intron 1, intron 5, and intron 6 polymorphisms with RCC risk in a Taiwanese population were examined. The results showed that compared with the wild-type GG genotype, the CG genotype at COX-2 G-765C had a significantly decreased risk of RCC [odds ratio (OR)=0.61, 95% confidence interval (CI) = 0.26–1.46, p=0.0082]. As for other polymorphic sites, no obvious association was found. There was also an obvious enhanced association of COX-2 G-765C genotype with RCC risk among those without family cancer history (p=0.0331). The evidence indicated that COX-2 G-765C genotype involved in the etiology of RCC and may serve as a novel genetic marker for susceptibility of RCC.
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Renal cell carcinoma (RCC) has a worldwide incidence with more than 270,000 new cases and 100,000 deaths annually (1). The incidence of RCC has kept its increasing step in the world (2). After Japan, Taiwan has the second-highest prevalence rate of end-stage renal disease in the world. Epidemiological investigations have showed that cigarette smoking, hypertension, obesity, occupational exposures, diet, and family history of cancer are associated with RCC (3-5). However, only few exposed individuals develop RCC during their lifetime, suggesting that genomic factor may be involved in the etiology of RCC. For urologists, RCC remains unpredictable of its behavior, and tumor stage and grade are not satisfying parameters for prognosis of RCC patients.

Cyclooxygenase-2 (COX-2) is an inducible enzyme for the conversion of arachidonic acid to prostanoid, prostaglandin and throboxane (6). Typically, COX-2 is often undetectable in normal tissues, whereas overexpression of COX-2 has been observed in neoplastic cells of canine (7) and human RCC (8-10). It is reported that overexpression of COX-2 contributes to carcinogenesis via increasing cell proliferation, suppressing apoptosis, enhancing invasiveness, and inducing chronic activation of immune responses and angiogenesis (11, 12). In several animal and clinical studies, COX-2 specific inhibitors have both preventive and therapeutic effects as anticancer drugs for breast, bladder, lung and pancreas cancers (13-16). However, the association of COX-2 genotypes with RCC has never been investigated.

Following the rule of central dogma, subtle genetic variants on COX-2 gene may affect the quantity of COX-2 protein through altered self-regulated transcriptional activity or alternative splices resulting from polymorphic variations at promoter region or introns, respectively (17). To clarify the hypothesis that the polymorphic variants at promoter or intron regions of COX-2 may be associated with the risk of RCC, we analyzed the genotypes for six COX-2 single nucleotide polymorphisms, including A-1195G (rs689466), G-765C (rs20417), T+8473C (rs5275), intron 1 (rs2745557), intron 5 (rs16825748), and intron 6 (rs2066826), in a Taiwanese population. To the best of our knowledge, this is the first study to evaluate the association between the COX-2 genotypes and RCC susceptibility in Taiwan.
Materials and methods
Study population. The hospital-based case-control study recruited 92 RCC patients and 580 cancer-free controls frequency matched by age and sex, and none of the subjects are relatives to each other with any biological relationship. All the RCC patients were diagnosed and histopathologically confirmed and without any prior history of other cancers. All the age- and gender-matched cancer-free controls were genetically unrelated to the RCC patients and had no individual history of cancer. Extra exclusion criteria of the controls were that if they had symptoms suggestive of RCC, such as hematuria. Each patient donated 3-5 ml venous blood after providing a written informed consent. The study was approved by the institutional review board of China Medical University. The details of the characteristics for all the participants are summarized and compared in Table I.
Genotyping protocol. The total genomic DNA of each subject was extracted from the leucocytes of peripheral blood and stored as previously published (18-20). The polymerase chain reaction (PCR) cycling conditions were: one cycle at 94°C for 5 min; 35 cycles of 94°C for 30 sec, 55°C for 30 sec, and 72°C for 30 sec, and a final extension at 72°C for 10 min. Pairs of PCR primer sequences and restriction enzyme for each DNA product of COX-2 genotyping work are all listed in Table II. The PCR products were cut by proper restriction enzymes and the reaction was incubated for 2 h at 37°C. Then, 10 l of product was loaded into a 3% agarose gel for electrophoresis.
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 COX-2 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 COX-2 genotypes between cases and controls. The associations between the COX-2 polymorphisms and RCC 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
Basic Characteristics compared between the case and control groups. The frequency distributions of the characteristics for the control and case subjects are summarized in Table I. There were no difference between the case and control group on age, gender, smoking or alcohol drinking status, diabetes or family history of cancer (p>0.05). However, there were more subjects with hypertension (66.3%) among the RCC cases than the controls (52.1%), and the difference was statistically significant (p=0.0130). 
Association of COX-2 genotypes and RCC risk. The genotypic distributions of the COX-2 polymorphisms in the cases and controls are presented and compared in Table III. The distributions of the genotypes of all the polymorphisms of COX-2 were not significant between the two groups (p>0.05) except that of G-765C (p=0.0082) (Table III). The OR for the people carrying CG genotype at COX-2 G-765C were 0.61 (95% CI = 0.26-1.46) compared to those carrying GG wild-type genotype. The frequencies of the alleles for COX-2 polymorphisms in controls and RCC patients are shown in Table IV. Neither of the allele of the COX-2 of the polymorphisms were found to be associated with RCC (p>0.05) except that of G-765C (p=0.0113). The percentages of allele C were 3.3% and 8.4% among RCC patients and controls, and the OR for the people carrying C allele at COX-2 G-765C were 0.37 (95% CI = 0.16-0.85) compared to those carrying G wild-type allele. To sum up, these data indicated that individuals carrying variant C allele at promoter G-765C may have a lower risk of RCC.
Interaction of COX-2 G-765C genotype with personal characteristics. We have stratified the controls and RCC cases according to their personal characteristics and evaluated the interactions of COX-2 G-765C genotype and these characteristics on the risk of RCC (Table V). As shown in Table V, the association between COX-2 G-765C genotype and RCC risk did not vary by age, gender, smoking, alcohol drinking, hypertension status or diabetes stratification. However, the association appeared to be stronger in subgroups without family history (p=0.0331, OR=0.24, 95%CI=0.06-1.02). 
Discussion

RCC is a highly heterogeneous tumor, and the cancer cells did not respond well to radiotherapy or chemotherapy, but partially to targeted therapies. Although it seems targeted therapies for advanced RCC is promising, the development of specific prognostic biomarkers for RCC is still lacking and in an urgently need (21-23). In the present study, the association of COX-2 genotypes and RCC risk was examined in Taiwan, where the prevalence of end-stage renal disease was second-highest all over the world after Japan. After performing the genotyping and analysis, we found that individuals carrying the CG genotype were of lower risk of RCC compared with those carrying GG genotype on COX-2 G-765C. Regarding the other five polymorphic sites, A-1195G, T+8473C, intron 1, intron 5, and intron 6, no association was found (Table III and IV). In addition, we have also investigate the interactions of COX-2 G-765C genotype with personal characteristics on RCC risk, finding that the protective effects of COX-2 G-765C genotype was stronger among those without family cancer history (Table V). To the best of our knowledge, this is the first study of the role of COX-2 genotype in RCC in Taiwan.

The single nucleotide polymorphism COX-2 G-765C is a functional one at promoter region, determining the transcriptional activity of COX-2.  Many epidemiological studies have demonstrated the genotypes of COX-2 G-765C to be associated with altered risk for human cancers such as gastric cancer (24), colorectal cancer (25), prostate cancer (26, 27), bladder cancer (28), and childhood leukemia (29). However, some other studies showed that COX-2 G-765C genotype was not observed to be associated with cancer risk (30, 31). The above evidence could be interpreted to suggest the concept that immuno-regulating gene and protein may play a role in the initiation of cancer development in different carcinogenesis. However, the contribution of COX-2 genotypes to RCC risk has never been studied.  From the viewpoint of protein level, there were several studies focused on the COX-2 expression levels in RCC cells. In 2004, Chen et al have reported that COX-2 is overexpressed in OS-RC-2 RCC cell line and may play an important role in tumorigenesis. It is noticeable that regarding other RCC cell lines, SMKT-R4 and ACHN, the COX-2 was not overexpressed in the cells (32). Similar findings were reported by Miyata’s and Mungan’s groups (8, 10). In 2008, Dirim et al have reported that COX-2, PCNA and VEGF were observed primarily in the cytoplasm of RCC tumor cells and about half of 99 samples examined showed immunoreactivity for COX-2 (33). In 2010, Kankuri-Tammilehto et al have reported that higher COX-2 expression may associate with longer metastasis-related survival (34). 


The present study has some limitations to be improved in the near future. First, our sample size is moderate, which may restrict the reliability and feasibility of stratification and interaction analyses. For instance, the interaction findings such as stronger association of COX-2 G-765C genotype with RCC risk in subgroups without family history should be validated with enlarged population. Second, more clinical and behavioral information, such as occupational exposure, daily diet and physical exercise habits, metastasis and survival may strengthen our capacity of performing further risky factor analysis. Last, the transcriptional (mRNA) and translational (protein) studies, especially the comparison of those tissues from people with the CG and GG genotypes on COX-2 G-765C, should be further validated in both tumor tissues and normal adjacent tissues.

In conclusion, our present study indicate that the functional COX-2 G-765C polymorphism is associated with Taiwan RCC susceptibility, and this COX-2 polymorphic site may serve as both novel biomarker for RCC and potential target for anticancer drug development. Functional assays are warranted to reveal the role of COX-2 G-765C in RCC carcinogenesis.
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Table I. Distributions of the frequencies of selected characteristics among the RCC cases and healthy controls

	Characteristics
	Cases (n = 92)
	
	Controls (n = 580)
	p-Value

	
	N
	%
	
	N
	%
	

	Age (yr) (mean ( SD)
	58.8 ( 11.7
	
	
	58.3 ( 11.5
	
	0.8971

	    < 60
	47
	51.1%
	
	307
	52.9%
	0.8223

	    > 60
	45
	48.9%
	
	273
	47.1%
	

	Gender
	
	
	
	
	
	

	    Male
	59
	64.1%
	
	371
	64.0%
	1.0000

	    Female
	33
	35.9%
	
	209
	36.0%
	

	Smoking status
	
	
	
	
	
	

	    Smokers
	41
	44.6%
	
	220
	37.9%
	0.2499

	    Non-smokers
	51
	55.4%
	
	360
	62.1%
	

	Alcohol drinking status
	
	
	
	
	
	

	    Drinkers
	37
	40.2%
	
	209
	36.0%
	0.4848

	    Non-drinkers
	55
	59.8%
	
	371
	64.0%
	

	Hypertension
	
	
	
	
	
	

	    Yes
	61
	66.3%
	
	302
	52.1%
	0.0130*

	    No
	31
	33.7%
	
	278
	47.9%
	

	Diabetes
	
	
	
	
	
	

	    Yes
	21
	22.8%
	
	104
	17.9%
	0.2523

	    No
	71
	77.2%
	
	476
	82.1%
	

	Family cancer history
	
	
	
	
	
	

	    Yes
	6
	6.5%
	
	17
	2.9%
	0.1125

	    No
	86
	93.5%
	
	563
	97.1%
	


Table II. Primer sequences and restriction fragment length polymorphism (RFLP) conditions for COX-2 genotyping and analysis.

	Polymorphism
	Primers sequences (5’ to 3’)
	Restriction enzyme
	Polymorphic type
	DNA fragment size (bp)

	A-1195G 

(rs689466)
	F: CCCTGAGCACTACCCATGAT
R: GCCCTTCATAGGAGATACTGG
	Hha I
	A

G
	273

220 + 53

	G-765C

(rs20417)
	F: TATTATGAGGAGAATTTACCTTTCGC
R: GCTAAGTTGCTTTCAACAGAAGAAT
	PvuⅡ
	C

G
	100

74 + 26

	T+8473C 

(rs5275)
	F: GTTTGAAATTTTAAAGTACTTTTGAT

R: TTTCAAATTATTGTTTCATTGC
	Bcl I


	T

C
	147

124 + 23

	intron 1

(rs2745557)
	F: GAGGTGAGAGTGTCTCAGAT

R: CTCTCGGTTAGCGACCAATT
	Taq I
	C
T
	439

353 + 76

	intron 5

(rs16825748)
	F: GCGGCATAATCATGGTACAA

R: CAGCACTTCACGCATCAGTT
	BsrG I
	T

A
	417

314 + 103

	intron 6

(rs2066826)
	F: ACTCTGGCTAGACAGCGTAA

R: GCCAGATTGTGGCATACATC
	Aci I
	A

G
	327

233 + 94


F and R indicate forward and reverse primers, respectively.
Table III. Distributions of COX-2 genotypic frequencies among the RCC cases and controls

	
	RCC Cases (%)
	Controls (%)
	Crude OR (95% CI)
	p-Value a

	A-1195G (rs689466)
	
	
	
	

	AA
	26 (28.3)
	155 (26.7)
	1.00 (reference)
	

	AG
	44 (47.8)
	281 (48.5)
	0.83 (0.55-1.57)
	0.7898

	GG
	22 (23.9)
	144 (24.8)
	0.91 (0.49-1.68)
	0.8765

	Ptrend
	
	
	
	0.9499

	G-765C (rs20417)
	
	
	
	

	GG
	86 (93.5)
	482 (83.1)
	1.00 (reference)
	

	CG
	6 (6.5)
	55 (16.9)
	0.61 (0.26-1.46)
	0.0082*

	T+8473C (rs5275)
	
	
	
	

	TT
	64 (69.6)
	381 (65.7)
	1.00 (reference)
	

	CT
	28 (30.4)
	199 (34.3)
	0.84 (0.52-1.35)
	0.5531

	intron 1 (rs2745557)
	
	
	
	

	CC
	68 (73.9)
	452 (77.9)
	1.00 (reference)
	

	CT
	21 (22.8)
	116 (20.0)
	1.20 (0.71-2.04)
	0.4851

	TT
	3 (3.3)
	12 (2.1)
	1.66 (0.46-6.04)
	0.4341

	Ptrend
	
	
	
	0.6120

	intron 5 (rs16825748)
	
	
	
	

	TT
	90 (97.8)
	569 (98.1)
	1.00 (reference)
	

	AT
	2 (2.2)
	11 (1.9)
	1.15 (0.25-5.27)
	0.6952

	intron 6 (rs2066826)
	
	
	
	

	GG
	80 (87.0)
	519 (89.5)
	1.00 (reference)
	

	AG
	10 (10.9)
	51 (8.8)
	1.27 (0.62-2.61)
	0.5556

	AA
	2 (2.1)
	10 (1.7)
	1.30 (0.28-6.03)
	0.6687

	Ptrend
	
	
	
	0.7695


a the significant p-Value is bolded and marked with a star;
OR: odds ratio; CI: confidence interval
Table IV. Distributions of COX-2 allelic frequencies among the RCC cases and controls
	Allele
	RCC cases
	%
	
	Controls
	%
	
	Crude OR (95% CI)
	p-Value a

	A-1195G (rs689466)
	
	
	
	
	
	
	
	

	  Allele A
	96
	52.2%
	
	591
	50.9%
	
	1.00 (reference)
	

	  Allele G
	88
	47.8%
	
	569
	49.1%
	
	0.95 (0.70-1.30)
	0.8119

	G-765C (rs20417)
	
	
	
	
	
	
	
	

	  Allele G
	178
	96.7%
	
	1062
	91.6%
	
	1.00 (reference)
	

	  Allele C
	6
	3.3%
	
	98
	8.4%
	
	0.37 (0.16-0.85)*
	0.0113*

	T+8473C (rs5275)
	
	
	
	
	
	
	
	

	  Allele T
	156
	84.8%
	
	961
	82.8%
	
	1.00 (reference)
	

	  Allele C
	  28
	15.2%
	
	199
	17.2%
	
	0.87 (0.56-1.33)
	0.5964

	intron 1 (rs2745557)
	
	
	
	
	
	
	
	

	  Allele G
	157
	85.3%
	
	1020
	87.9%
	
	1.00 (reference)
	

	  Allele A
	27
	14.7%
	
	140
	12.1%
	
	1.25 (0.80-1.96)
	0.3356

	intron 5 (rs16825748)
	
	
	
	
	
	
	
	

	  Allele T
	182
	98.9%
	
	1149
	99.1%
	
	1.00 (reference)
	

	  Allele A
	  2
	1.1%
	
	11
	0.9%
	
	1.15 (0.25-5.22)
	0.6955

	intron 6 (rs2066826)
	
	
	
	
	
	
	
	

	  Allele G
	170
	92.4%
	
	1089
	93.9%
	
	1.00 (reference)
	

	  Allele A
	14
	7.6%
	
	71
	6.1%
	
	1.26 (0.70-2.29)
	0.4171


a the significant p-Value and odds ratio are bolded and marked with a star
Table V. Stratification analysis between COX-2 G-765C (rs20417) polymorphism and RCC risk among cases and controls
	
	
	COX-2 G-765C (rs20417) Genotypes
	
	

	
	
	GG
	
	CG
	
	

	Variables
	Cases/controls
	n
	%
	
	n
	%
	p-Value
	OR (95%CI)

	Age
	
	
	
	
	
	
	
	

	  < 60
	47/307
	44/274
	93.6/89.2
	
	3/33
	6.3/10.7
	0.4468
	0.57 (0.17-1.93)

	  > 60
	45/273
	42/251
	93.3/91.9
	
	3/22
	6.7/8.1
	1.0000
	0.81 (0.23-2.84)

	Gender
	
	
	
	
	
	
	
	

	  Male
	59/371
	55/333
	93.2/89.8
	
	4/38
	6.8/10.2
	0.4879
	0.64 (0.22-1.86)

	  Female
	33/209
	31/192
	93.9/91.9
	
	2/17
	6.1/8.1
	1.0000
	0.73 (0.16-3.31)

	Smoking status
	
	
	
	
	
	
	
	

	  Smokers
	41/220
	36/183
	87.8/83.1
	
	5/37
	12.2/16.8
	0.6434
	0.69 (0.25-1.87)

	  Non-smokers
	51/360
	50/342
	98.0/95.0
	
	1/18
	2.0/5.0
	0.4901
	0.38 (0.05-2.91)

	Alcohol status
	
	
	
	
	
	
	
	

	  Drinkers
	37/209
	33/173
	89.2/82.8
	
	4/36
	10.8/17.2
	0.4688
	0.58 (0.19-1.75)

	  Non-drinkers
	55/371
	53/352
	96.4/94.9
	
	2/19
	3.6/5.1
	1.0000
	0.70 (0.16-3.09)

	Hypertension
	
	
	
	
	
	
	
	

	  Yes
	61/302
	58/269
	95.1/89.1
	
	3/33
	4.9/10.9
	0.2374
	0.42 (0.13-1.42)

	  No
	31/278
	28/256
	90.3/92.1
	
	3/22
	9.7/7.9
	0.7267
	1.25 (0.35-4.43)

	Diabetes
	
	
	
	
	
	
	
	

	  Yes
	21/104
	18/90
	85.7/86.5
	
	3/14
	14.3/13.5
	0.1393
	1.07 (0.28-4.12)

	  No
	71/476
	68/435
	95.8/91.4
	
	3/41
	4.2/8.6
	0.2491
	0.47 (0.14-1.55)

	Family history
	
	
	
	
	
	
	
	

	  Yes
	6/17
	2/12
	33.3/70.6
	
	4/5
	66.7/29.4
	0.1616
	4.80 (0.65-35.20)

	  No
	86/563
	84/513
	97.7/91.1
	
	2/50
	2.3/8.9
	0.0331*
	0.24 (0.06-1.02)


a the significant p-Value is bolded and marked with a star
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