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ABSTRACT. The etiology of gallstone disease is multifactorial;
supersaturation of bile with cholesterol is a primary cause for gallstone
formation. In previous studies, we found that fibroblast growth factor
receptor 4 (FGFR4) plays an important role in maintaining bile acid
homeostasis by regulating the expression of cholesterol 7a-hydroxylase
(CYP7AL1), a rate-limiting enzyme for bile acid biosynthesis. The
Gly388Arg (G-388R) polymorphism of FGFR4 affects stabilization
and activation of FGFR4. Consequently, we studied the FGFR4 gene
as a candidate gene for genetic susceptibility to gallstone disease. We
found that overexpression of FGFR4, especially the G-388R mutant of
FGFR4, inhibits luciferase activity of CYP7A1 reporter in HepG2 cells,
indicating that the G-388R mutant of FGFR4 may have greater inhibitory
activity against bile acid biosynthesis. To investigate the association of
FGFR4 polymorphism with gallstone disease, 117 patients with gallstone
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disease and 457 controls were genotyped for FGFR4 polymorphism
G-388R by PCR-RFLP. Although the incidence of gallstone disease
was not greater in patients with the FGFR4 RR genotype, the ratio of
gallstone patients with acute cholecystitis in the FGFR4 RR genotype
(42%) was significantly higher than that in other genotypes of FGFR4 (P
=0.019). In conclusion, the FGFR4 polymorphism is a genetic risk factor
contributing to aggravation of gallstone disease.
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INTRODUCTION

Gallstone disease is a prevalent condition linked closely with cholecystitis and chol-
angiocarcinoma. It has become a major health problem worldwide (Lammert and Sauerbruch,
2005). Gallstone formation is characterized by abnormalities in cholesterol and bilirubin me-
tabolism, and the main factor leading to the development of the disease is a cholesterol con-
centration in bile that exceeds the amount that will stay in solution (Johnston and Kaplan,
1993; Donovan, 1999). Bile acids are detergent molecules produced from cholesterol in the
liver that are important for the solubilization of cholesterol in the gallbladder (Hylemon et al.,
2009), so bile acids are involved in regulating cholesterol homeostasis.

The conversion of cholesterol to primary bile acids involves at least 14 distinct en-
zymes and is accomplished via 2 pathways: the neutral pathway and the alternative pathway.
Cholesterol 7o-hydroxylase (CYP7A1), a cytochrome P450 enzyme located in the smooth
endoplasmic reticulum of hepatocytes, is the limiting enzyme in the neutral pathway of bile
acid biosynthesis (Russell and Setchell, 1992). Fibroblast growth factor receptor 4 (FGFR4)
is a member of the FGFR family, which is activated by human FGF19 and its mouse ortho-
log FGF15 (Jones, 2008). FGFR4 knockout mice exhibit an elevated excretion of bile acids,
bile acid pool size increase, and upregulation of CYP7A1 expression (Yu et al., 2000). Con-
versely, transgenic mice expressing a constitutively active form of FGFR4 display decreased
CYP7A1 expression and reduced bile acid pool size (Yu et al., 2005). These studies implicate
the FGF19/FGFR4 pathway in the regulation of bile acid homeostasis.

A genetic component in the susceptibility to gallstones was recognized as early as
1937 (Buch et al., 2007). Recent human genetic studies have indicated that genes involved in
bile salt balance, including cholecystokinin A receptor and CYP7A1, are susceptibility genes
for gallstone disease (Miyasaka et al., 2002; Jiang et al., 2004). Compared to the Gly388 vari-
ant, the Gly388Arg (G-388R) variation in the transmembrane domain (exon 9) of the FGFR4
protein results in FGFR4 stabilization and increasing phosphorylation after ligand binding
(Wang et al., 2008). This variant has been associated with disease progression and survival in
cancer patients (Wang et al., 2004; Falvella et al., 2009; Ye et al., 2010). However, the poly-
morphism of FGFR4 in patients with gallstone disease has never been studied.

In view of this background, we hypothesized that genetic variants of FGFR4 may play
a role in conferring genetic susceptibility to gallstone disease through regulation of CYP7AI.
We investigated whether the FGFR4 polymorphism is an additional genetic risk factor con-
tributing to the development and formation of gallstone disease.
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PATIENTS AND METHODS

Patients and DNA isolation

The study involved gallstone patients who underwent cholecystectomy in the De-
partment of Hepatobiliary Pancreas and Vessel Surgery at the First Affiliated Hospital of
Xiamen University. Healthy controls (blood donors) were recruited from the same hospi-
tal. Informed consent was obtained from each subject, and the study was approved by the
Ethics Committee of the First Affiliated Hospital of Xiamen University. Genomic DNA
of 117 patients (56% females and 44% males; 49.5 + 14.4 years) and 457 controls (41%
females and 59% males; 47.2 + 13.8 aged years) was extracted from peripheral blood
samples using a TIANamp Blood DNA Kit (TIANGEN, Beijing, China). Blood samples
from all subjects were collected in vials containing ethylenediaminetetraacetic acid and
stored at -80°C.

Cell line and plasmids

The human hepatocellular carcinoma cell line HepG2 was cultured in Dulbec-
co’s modified Eagle’s medium supplemented with 10% fetal bovine serum and 100 U/mL
penicillin-streptomycin. The -443 to +54 fragment of the CYP7A1 promoter was inserted
into the pGL3-basic vector to generate the CYP7A1 reporter plasmid. FGFR4 comple-
mentary DNA was cloned into the mammalian expression vector pCDNA3.1 to generate
pCDNA3.1-FGFR4(Gly). The 388 Arg mutant was constructed using a site-directed muta-
genesis kit (Stratagene, La Jolla, CA, USA).

Cell transfection and luciferase activity assay

The cells were transfected with the CYP7A1 reporter plasmid together with
pCR3.1-Rluc constitutively expressing Renilla luciferase as an internal control in the
presence or absence of the pPCDNA3.1-FGFR4(Gly) or pCDNA3.1-FGFR4(Arg) plasmids
using a Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to manufacturer
instructions. Cells were harvested 24 h post-transfection, and luciferase activity was as-
sayed and normalized to Renilla luciferase activity using a dual luciferase reporter assay
system (Promega, Madison, WI, USA).

Genotyping

To determine the polymorphism of FGFR4 in patients and controls, we used poly-
merase chain reaction (PCR)-restriction fragment length polymorphism analysis. The tar-
get sequence containing the G-388R polymorphic site was amplified using a PCR pro-
cedure and the following primers: 5'-GACCGCAGCAGCGCCCGAGGCCAG-3' and
5'-AGAGGGAAGAGGGAGAGCTTCTG-3' (Bange et al., 2002). The G to R transition in
codon 388 created a new Bs#NI restriction site. A 168-bp PCR product was digested with
BstNI (TaKaRa, Dalian, China), and restriction fragments were analyzed on a 15% nonde-
naturing polyacrylamide gel visualized with ethidium bromide.
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Statistical analysis

Differences in genotype frequencies between the two groups studied were estimated
using the chi-square test and were tested for conformity to Hardy-Weinberg equilibrium. Bi-
nary logistic regression was used for all analysis variables to estimate risk as odds ratio (OR)
with 95% confidence intervals (95%CI). Differences in bilirubin concentration for patients
among genotypes were calculated using one-way analysis of variance. Tests of statistical sig-
nificance in the transfection experiment were analyzed with a two-tailed Student #-test. All
statistical analyses were performed using the SPSS 13.0 statistical software package (SPSS,
Chicago, IL, USA). P values less than 0.05 were considered to be statistically significant.

RESULTS
Effect of FGFR4 G-388R polymorphism on the expression of CYP7A1

Arginine replacing glycine at amino acid 388 of FGFR4 is a common polymorphism
of FGFR4, and the 388 Arg mutant results in increased receptor stability and sustained recep-
tor activation (Wang et al., 2008). To determine whether the polymorphism of FGFR4 affects
the activation of FGFR4, we investigated the effects of the two genotypes of FGFR4 on the
expression of CYP7A1 using a CYP7A1 promoter luciferase reporter. As shown in Figure 1,
CYP7A1 promoter luciferase activity was significantly decreased in HepG2 cells transfected
with the 388Gly genotype of FGFR4 expression vector (P = 0.003), and the 388Arg mutant
enhanced the activity of FGFR4 (P =0.011). The results indicated that the 388 Arg mutation of
FGFR4 enhanced the inhibitory effect of FGFR4 on CYP7AT1 expression, and this polymor-
phism may be associated with the development or progression of gallstone disease.
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Figure 1. Effect of 388Gly or 388Arg genotype of FGFR4 on CYP7AL1 expression. HepG2 cells were transfected
with CYP7AI reporter plasmid together with pCDNA3.1-FGFR4(Gly) or pCDNA3.1-FGFR4(Arg) and the
luciferase activity was measured 24 h post-transfection. The pPCDNA3.1 vector was the control. Data are reported
as means + SD (N = 3).
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Genotype frequencies of FGFR4 G-388R polymorphisms and gallstone disease

The FGFR4 G-388R polymorphism distributions of gallstone patients and healthy
controls are shown in Table 1. The study comprised 117 patients with gallstone disease and
457 healthy volunteers. Among the 117 gallstone patients, 41 (35.04%) were homozygous for
the G allele; 57 were heterozygous (48.72%) and 19 homozygous (16.24%) for the R allele.
The distribution frequency of the FGFR4 genotype in gallstone patients was not significantly
different from that in healthy subjects (P = 0.350). A multiple variable logistic regression
analysis showed that the ORs for the 388GR and 388RR genotype were 0.807 (95%CI =
0.512-1.272) and 0.649 (95%CI = 0.355-1.187), respectively; the R allele also displayed no
significant difference at the allele level (OR = 0.807, 95%CI = 0.603-1.081; Table 2).

The traditional risk factors for gallstone disease are the four F: female, fat, 40, and
fertile; therefore, the FGFR4 polymorphism distribution was further analyzed according to
age and gender. As shown in Table 1, in the age- and gender-stratified analyses, 3 genotype
frequencies of the FGFR4 gene in gallstone patients were not significantly different from
those in healthy controls. These results demonstrate that the G-388R mutation of the FGFR4
gene does not contribute to the genesis of gallstone disease.

Table 1. Polymorphism distribution of FGFR4 G-388R in gallstone patients and healthy controls.

Variable Patients Controls P values'
GG GR RR GG GR RR
Total 41 (35.0) 57 (48.7) 19 (16.2) 133 (29.1) 229 (50.1) 95 (20.8) 0.350
Age (years)
<40 13 (48.2) 10 (37.0) 4 (14.8) 50 (31.7) 81(51.3) 27 (17.1) 0.237
> 40 28 (31.1) 47 (52.2) 15 (16.7) 83 (27.8) 148 (49.5) 68 (22.7) 0.442
Gender
Male 20(39.2) 26 (51.0) 5(9.8) 72 (26.9) 142 (53.0) 54(20.2) 0.081
Female 21 (31.8) 31 (47.0) 14 (21.2) 61(32.3) 87 (46.0) 41 (21.7) 0.991

Data are reported as number with percent in parentheses. 'Genotype frequencies of FGFR4 G-388R between
gallstone patients and healthy controls were analyzed by the chi-square test and the P values represent a genotypic
association test.

Table 2. Regression analysis of the polymorphism of FGFR4 G-388R in gallstone patients and healthy controls.

Genotypes/alleles Patients (%) Controls (%) P values OR (95%CI)
GG 35.04 29.10 - 1 (reference)
GR 48.72 50.11 0.358 0.807 (0.512-1.272)
RR 16.24 20.79 0.154 0.649 (0.355-1.187)
G 59.40 54.16 1 (reference)

R 40.60 45.84 0.149 0.807 (0.603-1.081)

OR = odds ratio; CI = confidence interval.

Association of the FGFR4 G-388R polymorphism in gallstone patients with acute
cholecystitis

Gallstone disease may be divided into three clinical stages: asymptomatic, symptom-
atic, and complicated. Acute cholecystitis, the most common complication of gallstone dis-
ease, is a chemical inflammation usually requiring cystic duct obstruction and supersaturated
bile (Strasberg, 1997). We analyzed the ratio of gallstone patients with acute cholecystitis to
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those without this symptom in various FGFR4 G-388R genotypes. As shown in Table 3, the
ratio was significantly higher in the RR genotype (P = 0.019). The results demonstrate that the
G-388R mutation of the FGFR4 gene might be associated with the stages of gallstone disease.

Table 3. The ratio of patients with acute cholecystitis grouped by the polymorphism of FGFR4 G-388R.

Genotypes Patients with acute cholecystitis (%) P values OR (95%CI)

GG 14.63 - 1 (reference)
GR 22.81 0313 1.723 (0.595-4.996)
RR 42.11 0.019 4.242 (1.207-14.908)

OR = odds ratio; CI = confidence interval.

Levels of serum bilirubin are significantly elevated in gallstone disease. A recent study
has shown that total bilirubin is a useful predictor of persisting common bile duct stones in
gallstone pancreatitis (Chan et al., 2008). Therefore, we further analyzed the levels of direct,
neonatal, and total bilirubin in various genotypes of gallstone patients. As shown in Figure 2,
mean serum total bilirubin, direct bilirubin, and neonatal bilirubin values were slightly higher
in patients with the 388R mutation of FGFR4 but were not significantly different compared
with the GG and GR genotypes.
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Figure 2. Effect of 388R mutation of FGFR4 on serum bilirubin levels in the gallstone population. The difference
among bilirubin levels was evaluated for statistical significance using one-way analysis of variance. TBIL = total
bilirubin; DBIL = direct bilirubin; NBIL = neonatal bilirubin.

DISCUSSION

Gallstones form as the culmination of a complex series of events that result in the
precipitation of insoluble substances in the gallbladder, cholesterol hypersecretion, supersatu-
ration of calcium carbonate, impaired motility of the gallbladder, and so on (Johnston and
Kaplan, 1993; Donovan, 1999). FGFR4 has been reported to regulate bile acid homeostasis
and gallbladder filling in mice (Yu et al., 2000, 2005; Choi et al., 2006). FGFR4 G-388R
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polymorphism, one of the most frequent polymorphisms, results in FGFR4 stabilization and
increased phosphorylation after ligand binding (Wang et al., 2008). Therefore, our preliminary
hypothesis was that FGFR4 G-388R polymorphism might affect the formation of gallstones
through the regulation of bile acid homeostasis and gallbladder motility.

Our results showed that although this polymorphism enhances the inhibition of
CYP7AT1 expression by FGFR4, it did not contribute to gallstone formation. Likewise,
A-204C polymorphism of CYP7A1 was not associated with gallstone disease in our study
(data not shown). A previous study has shown that the A allele of CYP741 might be con-
sidered a risk gene for gallstone disease (Jiang et al., 2004), but another group showed that
the CC genotype of CYP7A1 conferred a marginally significant risk for gallstone disease
(Srivastava et al., 2008). These results suggest that the polymorphism of genes related to
bile acid homeostasis, including CYP7A41 and FGFR4, might have a role in gallstone for-
mation, but the population studied could also explain the observed effect.

Most patients with gallstone disease (75-80%) remain asymptomatic (Strasberg and
Clavien, 1992). We found that 42% of gallstone patients who exhibited acute cholecystitis
were in the RR genotype of FGFR4, indicating that although the 388R mutation does not
contribute to gallstone formation, it might aggravate disease progression in patients with gall-
stones. Owing to the influence of this polymorphism on bile acid synthesis, the resulting de-
ficiency of the bile acid pool may lead to the accumulation of cholesterol in the gallbladder,
which may aggravate gallstone disease. A recent study has reported that bilirubin level was
associated with gallstone risk (Buch et al., 2010), but our results showed that FGFR4 G-388R
polymorphism had no association with the level of bilirubin. Therefore, the mechanism for
this phenotype requires further investigations.

In conclusion, this study is the first to describe a genetic relationship between FGFR4
polymorphism and gallstone disease. Further study will be required to provide supporting evi-
dence for the involvement of the 388R mutation of FGFR4 in the aggravation of gallstone disease.
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