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Abstract  

 Cholesterol 7α -hydroxylase (CYP7A1, EC 1.14.13.17) encoded by CYP7A1 gene is the rate-limiting enzyme in synthesis of bile acids 

from cholesterol in the liver. Polymorphisms in CYP7A1gene can affect CYP7A1 activity, and thus affect cholesterol metabolism and bile 

acid production. Bile acids have an important role in development of Barrett’s esophagus (BE) which is a condition in which changing of the 
cells lining the esophagus occurs. They are known extremely toxic substances at high doses. Thus, bile acids and thereby BE, might 

contribute to cancer. The aim of this pilot study was to investigate the association between the CYP7A1 A-203C polymorphism and BE. In 

the study, 55 samples from Barrett’s esophagus and 104 samples from control group were analyzed by using a polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) technique. No statistical differences between cases and controls were found in the 

distribution of genotype or allele frequencies. However, the AC genotype was less frequent in the case group (38%) versus controls (51%). 

The results also showed that crude odds ratio of individuals with the CYP7A1 heterozygote (AC) genotype and Barrett’s esophagus for the 
CC genotypes versus AA genotypes was 0.528 (95% CI 0.261-1.070; p= 0.077) and 0.622 (95% CI 0.229-1.704; p= 0.363), respectively.  

The variant C allele may have protective effect with regard to risk of BE. This study is the first to demonstrate the relationship between 

CYP7A1gene and BE. However, these results need further investigation and confirmation. 
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INTRODUCTION 

 
Barrett’s esophagus (BE) is a condition in which 

normal squamous mucosa of the distal esophagus is 

replaced by a specialized intestinal metaplasia. This 

premalignant lesion can give rise to esophageal 

adenocarcinoma (EAC) which is a very aggressive type of 

cancer, and BE is associated with a nearly 40-fold 

increased risk of EAC [1]. The incidence of EAC has 

increased at a rate that is among the highest of all cancers 

[2]. Bile acids have long been implicated in the etiology of 

BE. Primary bile acids such as cholic acid and 

chenodeoxycholic acid are excreted in the liver, and are 

converted to secondary bile acids, primarily deoxycholic 

and  lithocholic acids, by anaerobic bacteria in the intestinal 

lumen. Bile acids are known to induce oxidative stress, 

DNA damage, and mitochondrial damage [3]. At high 

doses, bile acids are overly toxic substances, probably 

through damaging cell membranes, mitochondrial 

membranes or disrupting cellular function [4]. Therefore, 

this cytotoxicity may be involved in stimulating 

proliferation and thus contribute to cancer [4,5]. On the 

other hand, at lower doses, bile acids stimulate cell 

signalling effects involving, protein kinase C, c-myc, COX-

2 and NF-kappaB [4]. As a result, bile acids may be 

important in carcinogenesis. Bile acids synthesize from 

cholesterol in the liver through cholesterol 7α-hydroxylase 

enzyme (CYP7A1, EC 1.14.13.17) [6]. CYP7A1 encoded 

by CYP7A1 gene is the rate-limiting enzyme for cholesterol 

catabolism and bile acid synthesis. Therefore, 

polymorphisms in CYP7A1 gene can affect CYP7A1 

activity, and thereupon affect cholesterol metabolism and 

bile acid synthesis [7].  A common single-nucleotide 

polymorphism c.203 A>C in the promoter region of 

CYP7A1 has been described. The objective of this pilot 

study was to investigate the association between the 

CYP7A1 A-203C polymorphism and BE in British 

population.   

 

MATERIALS AND METHODS 
 

Study subject 

A case-control study was carried out using DNA 

samples from Barrett's biopsies which was collected in 

Swansea along with DNA samples from a control 

population bought in from ECACC (European Collection 

of Cell Cultures), England. The study consisted of 55 

samples for cases and 104 samples for control. Barrett's 

biopsies were recruited between pre-2006/2006 and 2008. 

Control samples were bought from ECACC in 2008. Pre 

approval from ethics committees and written consent were 

obtained before the commencement of the study. 

 

Procedures 

CYP7A1 A-203C polymorphism was determined 

according to method described by Han et al [6] with minor 

modifications. Briefly, PCR amplification of CYP7A1 was 

done using the forwad and reverse primers: 5'-

AATGTTTTTCCCAGTTCTCTTTC-3' and 5'-

AATTAGCC ATTTGTTCATTCTATTAG-3'. PCR was 

performed in a 20-μl reaction mixture containig 300-500 ng 

of genomic DNA, 10 pmol of each primer, 0.2 mM each 
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deoxynucleotide triphosphate, 10 x PCR buffer, 1.5 mM 

MgCl2, and 1.25 unit of Taq polymerase (Fermentase) on 

the MBS Satellite Thermal Cycler (Thermo, UK). After 

initial denaturation for 4 min at 94 ˚C, the PCR was 

performed for 35 cycles of 30 s at 94 ˚C, 30 s at 53 ˚C, 30 s 

at 72 ˚C with a final step of 72 ˚C for 5 min for elongation. 

Negative control reactions with no added DNA were 

included in each PCR analysis to ensure the reagents used 

that contained no contaminating DNA. The PCR product 

(393 bp) was analyzed electrophoretically on a 2 % agarose 

gel stained with ethidium bromide (500 ng/ml). 10 μl of the 

PCR product was digested in 50°C overnight with 10 U of 

Bsa I with the appropriate buffer in total volume of 20 μl. 

The digestion resulted in fragments of 300 and 93 bp for 

the A allele, and fragments of 261, 93 and 39 bp for the C 

allele. The digested fragments were electrophoresed on a 2 

% agarose gel and visualized using ethidium bromide. 

 

Statistical analysis 

The genotype and allele frequencies of CYP7A1 were 

calculated by genotype counting method. The chi-square 

test was used to compare the genotype and allele 

frequencies between cases and control groups and the 

association of these genotype frequencies with the risk of 

BE was examined in terms of odds ratio (OR) and 95% 

confidence intervals (CI). ORs and 95% CI were calculated 

using SPSS for Windows computer Software version 12. A 

P value <0.05 was considered statistically significant.  

 

RESULTS  
  

In this study, we analyzed 55 samples from Barrett’s 

esophagus and 104 samples from control group to identify 

the A-203C polymorphism in the promoter region of 

CYP7A1 gene. The frequencies of the AA, AC, and CC 

genotypes in Barrett’s esophagus samples were 49%, 38% 

and 13%, respectively. According to these results, the 

frequencies of A and C alleles were 0.682 and 0.318, 

respectively. On the other hand, the frequencies of the AA, 

AC, and CC genotypes for control group were 35%, 51% 

and 14%, respectively. The frequencies of A and C alleles 

were 0.600 and 0.400, respectively (Table 1).  

 

Table 1. Distribution of genotype and allele frequencies of 

CYP7A1 gene A-203C polymorphism in cases and controls  
 Genotype frequencies 

                  n (%)           

Allele 

frequencies 

 

AA AC CC A C X2                              p 

C
as

es
  

27(49) 
21 

(38) 
7 (13) 0.682 0.318 

2
.0

1
6
 

0
.1

5
6
 

C
o
n

tr
o

l 

36(35) 
53 

(51) 
15 (14) 0.600 0.400 

 

The results of the control group were in good 

accordance with the expected genotype distributions, 

calculated using the Hardy–Weinberg equation (2: 0.406; 

p= 0.52). No statistical differences between cases and 

controls were found in the distribution of genotypes and 

allele frequencies. In spite of statistical insignificancy, the 

AC genotype was less frequent in the case group (38%) 

compared to control group (51%). Furthermore, the results 

showed that crude odds ratios of individuals with the AC 

genotype and CC genotype versus the AA genotypes were 

0.528 (95% CI 0.261-1.070; p= 0.077) and 0.622 (95% CI 

0.229-1.704; p= 0.363), respectively (Table 2).  

 

Table 2. Crude ORs and 95% CI Barrett’s esophagus 

according to CYP7A1 A-203C polymorphisms 

G
en

o
ty

p
e 

Cases 

n (%) 

Control 

n (%) 
Crude OR (95% CI) p-value 

AA 27 (49) 36 (35) 1.00 (referent) 

AC 21 (38) 53 (51)  0.528 (0.261-1.070) 0.077 

CC  7 (13) 15 (14)  0.622 (0.229-1.704) 0.363 

 

DISCUSSIONS 
 

There are no reported previous studies to compare with 

the results of this study. The study is the first to 

demonstrate the relationship between CYP7A1 gene and 

BE. The results tend to show a decreased risk of BE in 

individuals with the AC and CC genotypes. In spite of 

statistical insignificant, these genotypes may probably be 

associated with lowered capability of synthesizing bile 

acids [8-10].  

Bile acids have been identified as endogenous etiologic 

agents for gastrointestinal tract cancers including 

esophagus, stomach, small intestine, liver, pancreas, biliary 

tract, colon/rectum cancer [11-14]. 

As shown in Figure 1, at high physiologic 

concentrations, bile acids can cause generation of reactive 

oxygen species (ROS) and reactive nitrogen species (RNS). 

Increased production of ROS/RNS can lead to increased 

DNA damage, and then increased mutation and apoptosis. 

Moreover, often repeated and elongated exposure of tissues 

to high physiological levels of bile acids can lead to 

generation of genomic instability, development of reduced 

apoptosis capability and, finally, GI cancer [14]. 

Thereupon, the factors changing levels of bile acids are 

important.  

 
 
Figure 1. GI cancer pathway caused by the role of bile acid - 

induced DNA damage [14] 

 

CYP7A1 is the rate-limiting enzyme producing bile 

acids from cholesterol. Spady et al [15] reported that 
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overexpression of CYP7A1 activity in hamsters resulted in 

a dose-dependent decrease in plasma cholesterol 

concentrations. Schwarz et al [16] demonstrated that in 

mice deficient in CYP7A1, fecal excretion of bile acids as 

well as the bile acid pool was decreased. Furthermore, in 

humans, CYP7A1 A-203C polymorphism is associated with 

plasma concentrations of total or low density lipoprotein 

(LDL) cholesterol, suggesting lower enzyme activities in 

those with the -203CC genotype [9,10]. The CYP7A1 A-

203C polymorphism probably renders lower activity of the 

enzyme expressing bile acids.   

The results of this study are in agreement with 

Hagiwara et al [8] examined the association between the 

CYP7A1 A-203C polymorphisms and colorectal cancer in 

685 colorectal cancer cases and 778 controls in Japanese 

population. In the case group, the CC genotype was slightly 

less frequent compared to control group, and the adjusted 

odds ratio for the CC versus AA genotype was 0.88 (95% 

confidence interval, 0.65-1.20). In proximal colon cancer 

group, the adjusted odds ratios (95% confidence intervals) 

of the CC genotype compared with the AA genotype and 

the AA and AC genotypes combined were 0.63 (0.36-1.10) 

and 0.59 (0.37-0.96), respectively. As a result, a decreased 

risk associated with the CYP7A1 CC genotype was 

observed for proximal colon cancer. The results of the 

study by Tabata et al [17] were consistent with those of the 

study by Hagiwara et al [8].  Tabata et al [17] reported that 

the CC genotype was associated with a decreased risk of 

proximal colon adenomas. Adjusted odds ratios of proximal 

colon adenomas (95% confidence intervals) for the AC and 

CC genotype were 0.82 (0.54–1.24) and 0.56 (0.34–0.95) 

compared with AA genotype, respectively. Furthermore, 

Srivastava et al [7] also examined the association between 

the CYP7A1 A-203C polymorphisms and gallbladder 

cancer (GBC) and gallstone disease in 141 GBC, 185 

gallstone patients and 200 healthy controls in Indian 

populations. The CC genotype of CYP7A1 is an 

independent genetic risk factor for GBC but plays a modest 

role in susceptibility to gallstone disease. 

As a result, the AC and/or CC genotype may have a 

decreased risk of GI cancer compared to the AA genotype.  

 

CONCLUSION  
 

In conclusion, the AC and/or CC genotype may 

probably be associated with lowered capability of 

synthesizing bile acids. The variant C allele may have 

protective effect with regard to risk of BE. However, the 

findings provide further evidence on the role of bile acids 

in BE.     
 

REFERENCES  
 

[1] Lagergren J, Bergstrom R, Lindgren A, Nyren O. 

1999. Symptomatic gastroesophageal reflux as a risk factor 

for esophageal adenocarcinoma. The New England Journal 

of Medicine. 340(11):825-831. 

[2] Brown LM, Devesa SS. 2002.  Epidemiologic 

trends in esophageal and gastric cancer in the United States. 

Surgical Oncology Clinics of North America. 11(2):235-

256. 

 [3] Bernstein H, Bernstein C, Payne CM, Dvorakova 

K, Garewal H. 2005. Bile acids as carcinogens in human 

gastrointestinal cancers. Mutation Research. 589:47-65. 

[4] Jenkins GJ, D'Souza FR, Suzen SH, Eltahir 

ZS, James SA, Parry JM, Griffiths PA, Baxter JN. 2007. 

Deoxycholic acid at neutral and acid pH, is genotoxic to 

oesophageal cells through the induction of ROS: the 

potential role of anti-oxidants in Barrett’s esophagus. 

Carcinogenesis. 28(1):136 -142. 

[5] Nagengast FM, Grubben MJ, van Munster IP. 1995. 

Role of bile acids in colorectal carcinogenesis. European 

Journal of Cancer. 31A, 1067–1070. 

[6] Han Z, Heath SC, Shmulewitz D, Li W, Auerbach 

SB, Blundell ML, Lehner T, Ott J, Stoffel M, Friedman JM, 

Breslow JL. 2002. Canditate genes involved in 

cardiovascular risk factors by a family-based association 

study on the island of Kosrae, Federated States of 

Micronesia. American Journal of Medical Genetics. 

110:234-242.  

[7] Srivastava A, Pandey SN, Choudhuri G, Mittal B. 

2008. Role of genetic variant A-204C of cholesterol 7a-

hydroxylase (CYP7A1) in susceptibility to gallbladder 

cancer. Molecular Genetics and Metabolism. 94:83–89.   

 [8] Hagiwara T, Kono S, Yin G,  Toyomura 

K, Nagano J, Mizoue T, Mibu R, Tanaka M, Kakeji 

Y, Maehara Y, Okamura T, Ikejiri K, Futami K, Yasunami 

Y, Maekawa T, Takenaka K, Ichimiya H, Imaizumi N. 

2005. Genetic Polymorphism in Cytochrome P450 7A1 and 

Risk of Colorectal Cancer: The Fukuoka Colorectal Cancer 

Study. Cancer Research. 65(7):2979-2982. 

[9] Wang J, Freeman DJ, Grundy SM, Levine DM, 

Guerra R, Cohen JC. 1998. Linkage between cholesterol 

7α-hydroxylase and high plasma lowdensity lipoprotein 

cholesterol concentrations. The Journal of Clinical 

Investigation. 101:1283-1291. 

[10] Couture P, Otvos JD, Cupples LA, Wilson PW, 

Schaefer EJ, Ordovas JM. 1999. Association of the A-204C 

polymorphism in the cholesterol 7α-hydroxylase gene with 

variations in plasma low density lipoprotein cholesterol 

levels in the Framingham Offspring Study. Journal of Lipid 

Research. 40:1883-1889. 

[11] Barrasa JI, Olmo N, Lizarbe MA, Turnay J. 2013. 

Bile acids in the colon, from healthy to cytotoxic 

molecules. Toxicol In Vitro. 27(2):964-977.  

[12] Ajouz H, Mukherji D, Shamseddine A. 2014. 

Secondary bile acids: an underrecognized cause of colon 

cancer. World Journal of Surgical Oncology.12:164.  

[13] Baptissart M, Vega A, Maqdasy S, Caira F, Baron 

S, Lobaccaro JM, Volle DH. 2013. Bile acids: from 

digestion to cancers. Biochimie. 95(3):504-517. 

[14] Bernstein H, Bernstein C, Payne CM, Dvorak K. 

2009. Bile acids as endogenous etiologic agents in 

gastrointestinal cancer. World Journal of Gastroenterology. 

 15(27):3329-3340.  

[15] Spady DK, Cuthbert JA, Willard MN, Meidell RS. 

1995. Adenovirus-mediated transfer of a gene encoding 

cholesterol 7α-hydroxylase into hamsters increases hepatic 

enzyme activity and reduces plasma total and low density 

lipoprotein cholesterol. The Journal of Clinical 

Investigation.96:700–709. 

[16] Schwarz M, Russell DW, Dietschy JM, Turley 

SD.1998. Marked reduction in bile acid synthesis in 

cholesterol 7α-hydroxylase-deficient mice does not lead to 

diminished tissue cholesterol turnover or to 

hypercholesterolemia. Journal of Lipid Research. 39:1833-

1843. 

[17] Tabata S, Yin G, Ogawa S, Yamaguchi K, 

Mineshita M, Kono S. 2006. Genetic polymorphism of 

cholesterol 7α-hydroxylase (CYP7A1) and colorectal 

adenomas:Self Defense Forces Health Study. Cancer 

Science. 97(5):406–410. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Barrasa%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=23274766
http://www.ncbi.nlm.nih.gov/pubmed?term=Olmo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23274766
http://www.ncbi.nlm.nih.gov/pubmed?term=Lizarbe%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23274766
http://www.ncbi.nlm.nih.gov/pubmed?term=Turnay%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23274766
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toxicology+in+vitro%2C+2013%2C+964-977
http://www.ncbi.nlm.nih.gov/pubmed?term=Ajouz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24884764
http://www.ncbi.nlm.nih.gov/pubmed?term=Mukherji%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24884764
http://www.ncbi.nlm.nih.gov/pubmed?term=Shamseddine%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24884764
http://www.ncbi.nlm.nih.gov/pubmed?term=Baptissart%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Vega%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Maqdasy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Caira%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Baron%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Baron%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Lobaccaro%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed?term=Volle%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=22766017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bichimie%2C+2013%2C+504-517%2C+95
http://www.ncbi.nlm.nih.gov/pubmed?term=Bernstein%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19610133
http://www.ncbi.nlm.nih.gov/pubmed?term=Bernstein%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19610133
http://www.ncbi.nlm.nih.gov/pubmed?term=Payne%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19610133
http://www.ncbi.nlm.nih.gov/pubmed?term=Dvorak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19610133
http://www.ncbi.nlm.nih.gov/pubmed/?term=world+j+gastroenterol%2C+2009%2C+15%3B+3329-3340

