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Abstract

Niemann Pick Type C1 Like 1 (NPC1L1) protein plays a key role in intestinal and hepatic
cholesterol metabolism in humans. Genetic variation in NPC71L1 has been widely studied in
recent years. We analyzed NPC1L1 single nucleotide polymorphisms in Chinese gallstone
disease patients to investigate their association with gallstone disease. NPC7L1 mRNA
expression was also measured in liver biopsies from patients with cholesterol gallstone dis-
ease and compared between genotypes. The G allele of the g71679C>G (rs2072183) poly-
morphism was significantly more prevalent in patients with gallstones compared with
gallstone-free subjects. Moreover, patients carrying the G allele had lower hepatic NPC7L1
mRNA expression and higher biliary cholesterol (molar percentages) and cholesterol satu-
ration index. Our study suggests that the G allele of the NPC7L1 polymorphism g1679C>G
may be a positive marker of gallstone formation risk.

Introduction

Niemann Pick Type C1 Like 1 (NPC1L1) is a putative protein involved in intestinal cholesterol
absorption [1]. In humans, NPC1L1 is expressed in the liver, and localizes at hepatic canalicu-
lar membranes [2] where it facilitates biliary cholesterol uptake into hepatocytes and regulates
biliary cholesterol content [3]. We recently reported that hepatic expression of NPCIL1 was
reduced in Chinese female patients with gallstone disease [4]. Moreover, another cohort study
showed increased expression of NPCILI in the jejunal mucosa from Chinese gallstone patients
[5]. These data suggest a role for NPC1L1 in promoting gallstone formation by either increased
uptake of luminal cholesterol into enterocytes or by decreased re-uptake of biliary cholesterol
by hepatocytes.

Genetic variants of NPCILI are reported to be associated with an altered rate of intestinal
cholesterol absorption as measured by the ratio of plant sterol to lathosterol [6, 7], with changes

PLOS ONE | DOI:10.1371/journal.pone.0147562 January 22, 2016 1/9


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0147562&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

@’PLOS ‘ ONE

Polymorphism of NPC1L1 in Chinese Gallstone Disease Patients

NPC1L1, Niemann Pick Type C1 Like 1; OR, odds
ratio; SNPs, single nucleotide polymorphisms;

SREBP2, sterol regulatory element binding protein 2;

TL, total lipid.

in plasma low density lipoprotein cholesterol (LDL-C) levels [8], and with the different
responses to ezetimibe [9-11], a drug targeting NPC1L1 [12]. However, little is known regard-
ing the effect of NPCIL1 variants on gallstone disease so far.

In this study, we genotyped NPCIL1 SNPs in patients from two cohorts consisted of gall-
stone disease and their healthy counterparts, and compared NPCILI expression in liver biop-
sies from gallstone patients as well. We found that the G allele of g1679C>G (rs2072183) is
associated with gallstone disease. Moreover, patients carrying the G allele had lower hepatic
NPCIL1 mRNA expression and higher biliary cholesterol (molar percentages) and cholesterol
saturation indices (CSIs).

Materials and Methods
Subjects

For the SNP association study, two cohorts were recruited, each consisting of gallstone disease
(GS) patients and gallstone-free (GSF) subjects. In cohort I, 288 patients with cholesterol gall-
stone disease, who were subjected to cholecystectomy at the Shanghai Ruijin Hospital, and 272
gallstone-free subjects (served as controls) were recruited. In cohort II, 299 patients with cho-
lesterol gallstone disease, who were subjected to cholecystectomy at the Shanghai East Hospital,
and 249 gallstone-free subjects were recruited. The demographic characteristics in both cohorts
were shown in S1 Table. Additionally, biopsies (0.1-0.5 g) were taken from the edge of the
right liver lobe of cholesterol gallstone disease patients (n = 114), snap-frozen in liquid nitro-
gen, and later transferred and stored at —80°C for downstream analyses; gallbladder bile was
also collected and stored at —80°C. For all subjects, 5 mL of venous blood was collected.

Gallstones were classified based on characteristic features of the cut surface and by enzy-
matic measurement of cholesterol content. Gallstones with cholesterol content > 50% were
classified as cholesterol gallstones. All the gallstone-free subjects were either healthy volunteers
underwent health examination in the hospital and were proved to have no gallstones by B-type
ultrasonography (n = 256, m/f = 126/130 in cohort I and n = 237, m/f = 114/123 in cohort II)
or patients underwent cholecystectomy because of gallbladder polyps or gallbladder adenomas
who were confirmed to be gallstone free by dissection of the gallbladder in cases where patients
underwent cholecystectomies because of gallbladder polyps or gallbladder adenomas (n = 16,
m/f=7/9 in cohort I and n = 12, m/f = 5/7 in cohort II). The study protocols were approved by
the Ethical Committees both at Shanghai Ruijin Hospital and at Shanghai East Hospital and
written informed consent was obtained from each patient.

Genotyping

Genomic DNA was extracted from white blood cells using the QIAamp DNA blood mini kit
(Qiagen, Hilden, Germany). Two SNP sites of the NPCILI gene (g-762T>C rs2073548 and
g1679C>G rs2072183) were selected because the frequencies of all other sites were < 2% in the
Chinese population, as measured by genotyping 25 randomly selected control patients (52
Table). The frequencies were similar to those reported by Chen et al. [13]. Genotyping was per-
formed using Tagman allelic discrimination assays (Applied Biosystems, Foster City, CA,
USA) on ABI 7900 (Applied Biosystems). Endpoint results were obtained by Sequence Detec-
tion System Software (Applied Biosystems).

Relative mRNA quantification

Total hepatic RNA was extracted with TRIzol™ (Invitrogen, Carlsbad, CA, USA) and reverse
transcribed into cDNA with the High-Capacity cDNA Reverse Transcript Kit (Applied
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Biosystems) and diluted 1:10 with DNase and RNase-free H,O. Real-time PCR was performed
on an ABI 7900 using the SYBR Green assay (primer sequences were available on request) as
described previously [4]. The delta-Ct method was used to calculate mRNA expression levels
(expressed by ratio = 2" *100%), using Cyclophilin A as the control gene.

Analysis of biliary lipids
Biliary cholesterol, bile acids, and phospholipids were extracted from gallbladder bile by

FOLCH (chloroform/methanol = 2/1) and measured enzymatically as described [14]. CSIs
were calculated using Carey’s critical table [15].

Statistics

Qualitative data were compared using the Chi-square test. Quantitative data were expressed as
means + standard error of the mean and compared by analysis of variance. A post-hoc least sig-
nificant difference test was performed to assess which genotypes were significantly different.
The analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). Analysis
of Hardy-Weinberg and haplotypes were performed by online SHEsis software (http://analysis.
bio-x.cn/myAnalysis.php). Statistical significance was set at P<0.05.

Results
Distribution of genotypes and alleles between groups

In this study, we genotyped the 762T>C and 1679C>G loci of the NPCILI gene. The allelic
distributions of both loci were in line with Hardy-Weinberg disequilibrium (D’ value = 0.851,
R? value = 0.958). In both cohorts I and II, the minor allele frequency (MAF) of g1679C>G
(rs2072183) was significantly higher in GS than in GSF as shown in Table 1. When the two
cohorts were combined, the MAF of g1679C>G (rs2072183) was 38.8% in the GS group and
32.8% in the GSF group, respectively, P<0.01. The odds ratio (OR) for an association of the
minor allele with gallstone disease was 1.30 (95% CI: 1.09-1.55, P<0.01) for all patients, and
was 1.54 (95%CI: 1.19~1.99, P<0.01) in male and 1.12 (95%CI: 0.89~1.43, P>0.05) in female,
respectively (S3 Table).

Table 1. Distribution of genotypes and alleles between groups.

Cohort | Cohort Il All
GSF(n=272) GS(n=288) GSF(n=249) GS(n=299) GSF(n=521) GS(n=587) OR(95%CIl) P

g-762T>C TT 119 116 122 123 241 239
rs2073548 TC 120 139 102 135 222 274

CcC 33 33 25 41 58 74

MAF  34.2% 35.6% 30.5% 36.3%* 32.4% 35.9% 1.17(0.98~1.39)  0.08
g1679C>G CcC 125 100 117 118 242 218
rs2072183 CG 109 146 107 136 216 282

GG 38 42 25 45 63 87

MAF  34% 39.9%* 31.50% 37.8%* 32.80% 38.8%** 1.30(1.09~1.55)  P<0.01

* P<0.05
** P<0.01, compared to GSF group
The frequency of MAF allele for g1679C>G was significantly higher in GS group than in GSF group in both cohorts.

doi:10.1371/journal.pone.0147562.t001
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The MAF of g-762T>C (rs2073548) was similar between GS and GSF in cohort I, but signifi-
cantly higher in GS (36.3%) than in GSF (30.5%) in cohort II. When the two cohorts were com-
bined, no significant difference in MAF between GS (35.9%) and GSF (32.4%) (Table 1) was
present. The OR for an association of the minor allele with gallstone disease was 1.34 (95%:
1.03~1.74, P<0.05) in males and 1.04 (0.82~1.32) in females (S3 Table). Haplotype analysis
showed that the C-G haplotype was associated with gallstone disease, with OR = 1.23 (95% CI:
1.02-1.47, P<0.05, Table 2).

Hepatic NPC1L1 expression and biliary lipid composition among
genotypes

Patients carrying CC genotype of the g1679C>G loci had significantly higher hepatic NPCILI
mRNA expression than the GG or GC genotypes (P<0.05, Fig 1B), which was significant in
females as well (P<0.05, S4 Table) and a similar trend in males (P = 0.109, S4 Table). No differ-
ence in ABCG5 or ABCG8 mRNA expression was found in either gender or all the subjects
combined among genotypes (P>0.05, Fig 1B and 5S4 Table). In contrast, the biliary cholesterol
molar percentages and CSIs were significantly higher in patients carrying the GG genotype
(cholesterol molar percentage: 7.67+0.31; CSI: 1.06+0.04) and GC genotype (cholesterol molar
percentage: 7.53+0.14; CSI: 1.06+0.02) than in patients carrying the CC genotype (cholesterol
molar percentage: 6.52+0.22; CSI: 0.90+0.03, P<0.05, Table 3).

There was no significant difference in either hepatic NPCI1L1 mRNA expression or biliary
lipid composition among genotypes of the g-762T>Cloci (Fig 1A and Table 3).

Discussion

Cholesterol gallstone disease is a global problem that is influenced by several interacting genetic
and environmental factors [16]. The pathogenesis of gallstone disease is complex involving
imbalances in the secretion of biliary cholesterol and bile acids, crystallization/nucleation of
cholesterol, impaired gallbladder and intestinal motility, and altered mucin secretion. NPC1L1
has a critical role in cholesterol metabolism and, although its genetic variation has been widely
reported, little is known regarding the association of these variants with gallstone disease.
Here, we reported that the MAF of the g1679C>G loci of NPCIL1 is higher in the GS than
in the GSF group, as well as the C-G haplotype. Ours is the first study to suggest increased sus-
ceptibility to gallstone disease among Chinese individuals carrying the G allele of g1679C>G.
During the preparation of this manuscript, inconsistence results concerning the association
between the NPC1L1 common polymorphism with gallstone disease in European populations
were reported [17-19]. Lauridsen et al genotyped NPCIL1 variants in 67,384 individuals from
the general population in Copenhagen and found genotype score associated with a 22%
increase in risk of symptomatic gallstone disease, especially in women [17]. However, such

Table 2. Haplotype frequencies between groups and OR associated with gallstone disease.

GSF GS OR 95%ClI P
C-G 0.307 0.358 1.23 1.029-1.470 0.02
C-C 0.018 0.002 = =
T-G 0.021 0.031 1.42 0.832—-2.423 0.196
T-C 0.654 0.61 0.788 0.661-0.939 0.788

C-G represents for subjects carried C haplotype of g-762T>C polymorphism and G haplotype of g1679C>G
polymorphism.

doi:10.1371/journal.pone.0147562.t002
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Fig 1. Comparison of mRNA expression of hepatic ABCG5, ABCG8 and NPC1L1 genes among genotypes of NPC1L1 gene polymorphisms. (A) g-
762T>C polymorphism and (B) g1679C>G polymorphism. ‘a’ vs ‘b’: P<0.01 by ANOVA, post-hoc LSD analysis.

doi:10.1371/journal.pone.0147562.g001

association could not be confirmed in studies by Ference et al (on European descents)[18], or
Rodriguez et al (on women of European ancestry)[19], or when the three data were combined
[20].

Unlike rodents, where NPCILI is mainly expressed in the intestine, NPCIL1 is highly
expressed in human liver [1, 3, 21]. Hepatic NPCI1L1 has been demonstrated to play a direct
role in regulating biliary cholesterol content [4, 22]. In our previous study, we found that
patients with gallstone disease had decreased hepatic NPCI1L1 mRNA expression [4]. Owing to
its role in biliary cholesterol re-uptake into hepatocytes, decreased hepatic NPCIL1 expression
may contribute to increased secretion of biliary cholesterol, which is the driving force of choles-
terol precipitation [23, 24]. In line with its function in regulating biliary cholesterol levels,
patients carrying the G allele of g1679C>G had decreased NPCILI mRNA expression but
increased biliary cholesterol content. These results suggest that subjects carrying the G allele of
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Table 3. Lipid composition in gallbladder bile between genotypes (means+S.E.M).

Genotypes TT

Cases 49

Chol% 6.30+0.25
BA% 74.1320.75
PL% 22.04+0.37
TL 13.28+0.46
CsSli 0.97+0.03

g-762T>C g1679C>G

TC cc cc GC GG

52 13 48 50 16
6.67£0.76 6.42+0.59 6.52+0.22a 7.53£0.14b 7.67£0.31b
72.92+0.61 73.15:0.68 74.32+0.46 72.14+0.63 73.32+0.54
20.97+0.52 21.630.84 22.68+0.78 20.89+0.69 21.65:0.77
12.53£0.76 12.68£0.53 12.37£0.73 12.52+0.81 12.730.27
1.03£0.03 0.98+0.04 0.90£0.03a 1.06£0.02b 1.06£0.04b

avs. b, P<0.05 by ANOVA, post-hoc LSD analysis; Abbreviations: Chol: cholesterol; BA: bile acids; PL, phospholipids; TL, total lipid; CSI, cholesterol

saturation index

doi:10.1371/journal.pone.0147562.t003

g1679C>G might be at a higher risk of biliary cholesterol supersaturation and gallstone forma-
tion. In line with these results, the MAF of g1679C>G was higher in GS than in GSF patients.
The MAF of g1679C>G was 20-60% among different ethnicities (S5 Table). The overall MAF
in our study was 36%, which is similar to two other studies with Chinese cohorts [13, 25], but
different from Japanese [26, 27] and European cohorts [7, 11, 28]. As a synonymous SNP, the
function of the g1679C>G polymorphism (rs2072183) is not fully understood. The mechanism
whereby rs2072183 variants influence cholesterol metabolism and response to ezetimibe needs
further investigation.

In the intestine, NPCIL] is responsible for cholesterol absorption. However, we could not
evaluate potential differences in intestinal cholesterol absorption in subjects with different
g1679C>G alleles in this study. Indirect evidence--as indicated by the ratio of plant sterol to
lathosterol, plasma LDL levels, and the response to ezetimibe--indicated that the G allele
might be associated with enhanced cholesterol absorption. Zhao et al revealed that the G allele
was associated with an augmented plant sterol induced cholesterol-lowering effect in hyper-
cholesterolemic men [29]. Another study reported that carriers of the G allele had significantly
greater concentrations of campesterol and sitosterol [7]. As plant sterol and lathosterol are gen-
erally considered surrogate markers for the efficiency of cholesterol absorption [30, 31], these
two reports suggest that the G allele could enhance cholesterol absorption. In humans, LDL-C
levels also reflect the efficiency of cholesterol absorption [32]. Polisecki et al. found that in
Europeans, homozygous carriers of the minor alleles of four NPCILI sites (-18A>C,
1679C>G, V1296V, and U3_28650A>G) had 2-8% higher LDL-C levels and increased risk of
coronary heart disease at baseline compared with homozygous carriers of the common alleles,
owing to alterations in cholesterol absorption [8]. Miao et al suggested that the G allele contrib-
utes to increased serum total cholesterol and LDL-C levels in Han and Mulao Chinese male
individuals, which also suggests increased cholesterol absorption. Regarding ezetimibe, G allele
carriers exhibit an increased response to ezetimibe compared with carriers who are homozy-
gous for the common allele [10, 11]. However, in our study, we did not find any difference in
response to ezetimibe for the promoter of C allele comparing with T allele in Caco2 cells (S1
Fig). To date, no study has compared the difference in intestinal NPCILI expression between
genotypes. Because of the suggested role of NPC1L1 in uptaking biliary cholesterol into hepato-
cytes in human [3], there are concerns that ezetimibe treatment might induce gallstone forma-
tion through inhibition of hepatic NPC1L1. However, a short-term study showed no difference
in gallstone occurrence after 6-month treatment of ezetimibe [33]. Very recently, the IMPRO-
VE-IT study, after 6-year followed up, did not show increased incidence of gallstone disease by
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ezetimibe treatment [34] either. Furthermore, in a small group of gallstone patients, 30-day
ezetimibe treatment seemed to reduce biliary cholesterol composition [35].

Interestingly, evidences regarding the potential effect of the g1679C>G polymorphism are
inconsistent. Lupattelli et al. [7] found that the G allele was associated with significantly greater
concentrations of campesterol and sitosterol, but not lathosterol. Meanwhile, Maeda et al. [27]
reported that only campesterol levels differ between genotypes. Similar to plant sterol and
lathosterol, LDL-C was reported to be increased in G carriers by Polisecki et al. [8] and Miao
etal. [25] but not in three other studies [7, 13, 27]. These conflicting results can probably be
attributed to differences in study design, sample size, ethnicity, interaction with other SNPs,
and gene-environment interaction.

There are some limitations in the present study. First, protein levels of hepatic genes could
not be measured due to limited biopsy samples. Second, although difference in biliary choles-
terol saturation was found between genotypes, we should be aware that the gallbladder bile
might not reflect the hepatic secretion of cholesterol because bile composition can be concen-
trated and modified by epithelium in gallbladder.

Conclusion

The most notable finding of our study is the significantly higher MAF of g1679C>G in GS
patients compared with GSF individuals. Moreover, the minor allele of the NPCILI g1679C>G
loci was associated with lower hepatic NPCIL1 mRNA expression and higher biliary molar per-
centages of cholesterol and CSIs. Collectively, these data suggest that the G allele of the
NPCILI g1679C>G loci may be a risk factor for gallstone disease.

Supporting Information

S1 Fig. Effect of simvastatin and ezetimibe on NPC1L1 promoter activity in Caco2.
(PDF)

S1 Table. Demographic characteristic of patients with and without gallstone disease in the
two cohorts.
(DOCX)

S2 Table. Allele frequencies of SNPs detected in the preliminary study.
(DOCX)

$3 Table. Distribution of genotype and allele frequency between GSF and GS groups in
males and females.
(DOCX)

$4 Table. Comparison of mRNA expression of hepatic genes between genotypes in females
and males.
(DOCX)

S5 Table. Genotype frequency of g1679C>G in different populations.
(DOCX)

Author Contributions

Conceived and designed the experiments: ZY] JW WC HH. Performed the experiments: JW
WC HH QC. Analyzed the data: JW WC HH JF SDZ TQH ZY]. Contributed reagents/materi-
als/analysis tools: JW WC HH QC. Wrote the paper: JW ZY].

PLOS ONE | DOI:10.1371/journal.pone.0147562 January 22, 2016 7/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147562.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147562.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147562.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147562.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147562.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0147562.s006

@’PLOS ‘ ONE

Polymorphism of NPC1L1 in Chinese Gallstone Disease Patients

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Altmann SW, Davis HR Jr., Zhu LJ, Yao X, Hoos LM, Tetzloff G, et al. Niemann-Pick C1 Like 1 protein
is critical for intestinal cholesterol absorption. Science (New York, NY). 2004; 303(5661):1201-4.

Yu L, Bharadwaj S, Brown JM, Ma Y, Du W, Davis MA, et al. Cholesterol-regulated translocation of
NPC1L1 to the cell surface facilitates free cholesterol uptake. The Journal of biological chemistry.
2006; 281(10):6616—24. PMID: 16407187

Temel RE, Tang W, Ma Y, Rudel LL, Willingham MC, loannou YA, et al. Hepatic Niemann-Pick C1-like
1 regulates biliary cholesterol concentration and is a target of ezetimibe. The Journal of clinical investi-
gation. 2007; 117(7):1968-78. PMID: 17571164

Cui W, Jiang ZY, Cai Q, Zhang RY, Wu WZ, Wang JC, et al. Decreased NPC1L1 expression in the liver
from Chinese female gallstone patients. Lipids in health and disease. 2010; 9:17. doi: 10.1186/1476-
511X-9-17 PMID: 20144195

Jiang ZY, Jiang CY, Wang L, Wang JC, Zhang SD, Einarsson C, et al. Increased NPC1L1 and ACAT2
expression in the jejunal mucosa from Chinese gallstone patients. Biochemical and biophysical
research communications. 2009; 379(1):49-54. doi: 10.1016/j.bbrc.2008.11.131 PMID: 19071091

Cohen JC, Pertsemlidis A, Fahmi S, Esmail S, Vega GL, Grundy SM, et al. Multiple rare variants in
NPC1L1 associated with reduced sterol absorption and plasma low-density lipoprotein levels. Proceed-
ings of the National Academy of Sciences of the United States of America. 2006; 103(6):1810-5.

PMID: 16449388

Lupattelli G, Pisciotta L, De Vuono S, Siepi D, Bellocchio A, Melis F, et al. A silent mutation of Niemann-
Pick C1-like 1 and apolipoprotein E4 modulate cholesterol absorption in primary hyperlipidemias. Jour-
nal of clinical lipidology. 2013; 7(2):147-52. doi: 10.1016/j.jacl.2012.12.003 PMID: 23415434

Polisecki E, Peter |, Simon JS, Hegele RA, Robertson M, Ford |, et al. Genetic variation at the NPC1L1
gene locus, plasma lipoproteins, and heart disease risk in the elderly. Journal of lipid research. 2010;
51(5):1201-7. doi: 10.1194/jIr.P001172 PMID: 19752398

Hegele RA, Guy J, Ban MR, Wang J. NPC1L1 haplotype is associated with inter-individual variation in
plasma low-density lipoprotein response to ezetimibe. Lipids in health and disease. 2005; 4:16. PMID:
16098225

Pisciotta L, Fasano T, Bellocchio A, Bocchi L, Sallo R, Fresa R, et al. Effect of ezetimibe coadminis-
tered with statins in genotype-confirmed heterozygous FH patients. Atherosclerosis. 2007; 194(2):
e116-22. PMID: 17140581

Pisciotta L, Bellocchio A, Bertolini S. Nutraceutical pill containing berberine versus ezetimibe on plasma
lipid pattern in hypercholesterolemic subjects and its additive effect in patients with familial hypercho-
lesterolemia on stable cholesterol-lowering treatment. Lipids in health and disease. 2012; 11:123. doi:
10.1186/1476-511X-11-123 PMID: 22998978

Garcia-Calvo M, Lisnock J, Bull HG, Hawes BE, Burnett DA, Braun MP, et al. The target of ezetimibe is
Niemann-Pick C1-Like 1 (NPC1L1). Proceedings of the National Academy of Sciences of the United
States of America. 2005; 102(23):8132-7. PMID: 15928087

Chen CW, Hwang JJ, Tsai CT, Su YN, Hsueh CH, Shen MJ, et al. The g.-762T>C polymorphism of the
NPC1L1 gene is common in Chinese and contributes to a higher promoter activity and higher serum
cholesterol levels. Journal of human genetics. 2009; 54(4):242—7. doi: 10.1038/jhg.2009.18 PMID:
19265861

Gustafsson U, Sahlin S, Einarsson C. Biliary lipid composition in patients with cholesterol and pigment
gallstones and gallstone-free subjects: deoxycholic acid does not contribute to formation of cholesterol
gallstones. European journal of clinical investigation. 2000; 30(12):1099—-106. PMID: 11122325

Carey MC. Critical tables for calculating the cholesterol saturation of native bile. Journal of lipid
research. 1978; 19(8):945-55. PMID: 731129

Portincasa P, Moschetta A, Palasciano G. Cholesterol gallstone disease. Lancet. 2006; 368
(9531):230-9. PMID: 16844493

Lauridsen BK, Stender S, Frikke-Schmidt R, Nordestgaard BG, Tybjaerg-Hansen A. Genetic variation
in the cholesterol transporter NPC1L1, ischaemic vascular disease, and gallstone disease. European
heart journal. 2015; 36(25):1601-8. doi: 10.1093/eurheartj/ehv108 PMID: 25841872

Ference BA, Majeed F, Penumetcha R, Flack JM, Brook RD. Effect of naturally random allocation to
lower low-density lipoprotein cholesterol on the risk of coronary heart disease mediated by polymor-
phisms in NPC1L1, HMGCR, or both: a 2 x 2 factorial Mendelian randomization study. Journal of the
American College of Cardiology. 2015; 65(15):1552—61. doi: 10.1016/j.jacc.2015.02.020 PMID:
25770315

Rodriguez S, Gaunt TR, Guo Y. Lipids, obesity and gallbladder disease in women: insights from genetic
studies using the cardiovascular gene-centric 50K SNP array. 2016; 24(1):106-12.

PLOS ONE | DOI:10.1371/journal.pone.0147562 January 22, 2016 8/9


http://www.ncbi.nlm.nih.gov/pubmed/16407187
http://www.ncbi.nlm.nih.gov/pubmed/17571164
http://dx.doi.org/10.1186/1476-511X-9-17
http://dx.doi.org/10.1186/1476-511X-9-17
http://www.ncbi.nlm.nih.gov/pubmed/20144195
http://dx.doi.org/10.1016/j.bbrc.2008.11.131
http://www.ncbi.nlm.nih.gov/pubmed/19071091
http://www.ncbi.nlm.nih.gov/pubmed/16449388
http://dx.doi.org/10.1016/j.jacl.2012.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23415434
http://dx.doi.org/10.1194/jlr.P001172
http://www.ncbi.nlm.nih.gov/pubmed/19752398
http://www.ncbi.nlm.nih.gov/pubmed/16098225
http://www.ncbi.nlm.nih.gov/pubmed/17140581
http://dx.doi.org/10.1186/1476-511X-11-123
http://www.ncbi.nlm.nih.gov/pubmed/22998978
http://www.ncbi.nlm.nih.gov/pubmed/15928087
http://dx.doi.org/10.1038/jhg.2009.18
http://www.ncbi.nlm.nih.gov/pubmed/19265861
http://www.ncbi.nlm.nih.gov/pubmed/11122325
http://www.ncbi.nlm.nih.gov/pubmed/731129
http://www.ncbi.nlm.nih.gov/pubmed/16844493
http://dx.doi.org/10.1093/eurheartj/ehv108
http://www.ncbi.nlm.nih.gov/pubmed/25841872
http://dx.doi.org/10.1016/j.jacc.2015.02.020
http://www.ncbi.nlm.nih.gov/pubmed/25770315

@’PLOS ‘ ONE

Polymorphism of NPC1L1 in Chinese Gallstone Disease Patients

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ference BA, Penumetcha R. Reply: Genetic Variation in NPC1L1 and Risk of Gallstone Disease. Jour-
nal of the American College of Cardiology. 2015; 66(9):1086-8.

Davies JP, Scott C, Oishi K, Liapis A, loannou YA. Inactivation of NPC1L1 causes multiple lipid trans-
port defects and protects against diet-induced hypercholesterolemia. The Journal of biological chemis-
try. 2005; 280(13):12710-20. PMID: 15671032

TangW, JiaL, MaY, Xie P, Haywood J, Dawson PA, et al. Ezetimibe restores biliary cholesterol excre-
tion in mice expressing Niemann-Pick C1-Like 1 only in liver. Biochimica et biophysica acta. 2011;
1811(9):549-55. doi: 10.1016/j.bbalip.2011.05.013 PMID: 21683156

Miquel JF, Nunez L, Amigo L, Gonzalez S, Raddatz A, Rigotti A, et al. Cholesterol saturation, not pro-
teins or cholecystitis, is critical for crystal formation in human gallbladder bile. Gastroenterology. 1998;
114(5):1016-23. PMID: 9558292

Jungst D, Gussmann E, Zundt B, Meyer G, Jungst C, Del Pozo R, et al. Solubility of cholesterol in the
crystal-free gallbladder bile of gallstone patients. The Journal of laboratory and clinical medicine. 2004;
144(3):134—-40. PMID: 15454882

Miao L, Yin RX, Hu XJ, Wu DF, Cao XL, Li Q, et al. Association of rs2072183 SNP and serum lipid lev-
els in the Mulao and Han populations. Lipids in health and disease. 2012; 11:61. doi: 10.1186/1476-
511X-11-61 PMID: 22646906

Kashiwabara Y, Kobayashi Y, Koba S, Kohyama N, Ohbayashi M, Murayama JI, et al. Gene polymor-
phism and frequencies of the NPC1L1 Gene (rs2072183, rs217434 and rs217428) in Japanese
patients with dyslipidemia. Journal of clinical pharmacy and therapeutics. 2014; 39(5):551—4. doi: 10.
1111/jcpt.12176 PMID: 24861377

Maeda T, Honda A, Ishikawa T, Kinoshita M, Mashimo Y, Takeoka Y, et al. A SNP of NPC1L1 affects
cholesterol absorption in Japanese. Journal of atherosclerosis and thrombosis. 2010; 17(4):356-60.
PMID: 20379057

Martin B, Solanas-Barca M, Garcia-Otin AL, Pampin S, Cofan M, Ros E, et al. An NPC1L1 gene pro-
moter variant is associated with autosomal dominant hypercholesterolemia. Nutrition, metabolism, and
cardiovascular diseases: NMCD. 2010; 20(4):236—42. doi: 10.1016/j.numecd.2009.03.023 PMID:
19747803

Zhao HL, Houweling AH, Vanstone CA, Jew S, Trautwein EA, Duchateau GS, et al. Genetic variation in
ABC G5/G8 and NPC1L1 impact cholesterol response to plant sterols in hypercholesterolemic men.
Lipids. 2008; 43(12):1155-64. doi: 10.1007/s11745-008-3241-y PMID: 18850127

Miettinen TA, Tilvis RS, Kesaniemi YA. Serum plant sterols and cholesterol precursors reflect choles-
terol absorption and synthesis in volunteers of a randomly selected male population. American journal
of epidemiology. 1990; 131(1):20-31. PMID: 2293749

Nissinen MJ, Gylling H, Miettinen TA. Responses of surrogate markers of cholesterol absorption and
synthesis to changes in cholesterol metabolism during various amounts of fat and cholesterol feeding
among healthy men. The British journal of nutrition. 2008; 99(2):370-8. PMID: 17697430

Kesaniemi YA, Miettinen TA. Cholesterol absorption efficiency regulates plasma cholesterol level in the
Finnish population. European journal of clinical investigation. 1987; 17(5):391-5. PMID: 3121341

Stein A, Hermoni D, Elis A, Konikoff FM. Effect of ezetimibe on the prevalence of cholelithiasis. World
journal of gastroenterology. 2012; 18(40):5789-92. doi: 10.3748/wjg.v18.i40.5789 PMID: 23155321

Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, et al. Ezetimibe Added to
Statin Therapy after Acute Coronary Syndromes. The New England journal of medicine. 2015; 372
(25):2387—-97. doi: 10.1056/NEJMoa1410489 PMID: 26039521

Wang HH, Portincasa P, Mendez-Sanchez N, Uribe M, Wang DQ. Effect of ezetimibe on the prevention
and dissolution of cholesterol gallstones. Gastroenterology. 2008; 134(7):2101-10. doi: 10.1053/j.
gastro.2008.03.011 PMID: 18442485

PLOS ONE | DOI:10.1371/journal.pone.0147562 January 22, 2016 9/9


http://www.ncbi.nlm.nih.gov/pubmed/15671032
http://dx.doi.org/10.1016/j.bbalip.2011.05.013
http://www.ncbi.nlm.nih.gov/pubmed/21683156
http://www.ncbi.nlm.nih.gov/pubmed/9558292
http://www.ncbi.nlm.nih.gov/pubmed/15454882
http://dx.doi.org/10.1186/1476-511X-11-61
http://dx.doi.org/10.1186/1476-511X-11-61
http://www.ncbi.nlm.nih.gov/pubmed/22646906
http://dx.doi.org/10.1111/jcpt.12176
http://dx.doi.org/10.1111/jcpt.12176
http://www.ncbi.nlm.nih.gov/pubmed/24861377
http://www.ncbi.nlm.nih.gov/pubmed/20379057
http://dx.doi.org/10.1016/j.numecd.2009.03.023
http://www.ncbi.nlm.nih.gov/pubmed/19747803
http://dx.doi.org/10.1007/s11745-008-3241-y
http://www.ncbi.nlm.nih.gov/pubmed/18850127
http://www.ncbi.nlm.nih.gov/pubmed/2293749
http://www.ncbi.nlm.nih.gov/pubmed/17697430
http://www.ncbi.nlm.nih.gov/pubmed/3121341
http://dx.doi.org/10.3748/wjg.v18.i40.5789
http://www.ncbi.nlm.nih.gov/pubmed/23155321
http://dx.doi.org/10.1056/NEJMoa1410489
http://www.ncbi.nlm.nih.gov/pubmed/26039521
http://dx.doi.org/10.1053/j.gastro.2008.03.011
http://dx.doi.org/10.1053/j.gastro.2008.03.011
http://www.ncbi.nlm.nih.gov/pubmed/18442485

