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Background: This study aimed to evaluate the genetic 
effect of the NR1H4 gene in the pathogenesis of idiopathic 
infantile cholestasis of Chinese subjects in Guangxi, China.

Methods: Seventy-eight patients with idiopathic 
infantile cholestasis served as a study group and 95 
infants without cholestasis as controls. Genomic DNA was 
extracted from peripheral venous blood leucocytes by 
phenol chloroform procedures. Polymerase chain reaction 
(PCR) was used to amplify all coded exons of NR1H4, 
and single-strand conformation polymorphism (SSCP) 
was used to analyze all amplification fragments. The PCR 
products with abnormal bands in SSCP were sequenced 
using an ABI 3100 sequencer.

Results: A novel heterozygous termination codon 
mutation in NR1H4 exon 5 (NR1H4 R176X, CGA-TGA) 
was found in one of the 78 patients. The patient with 
mutation R176X had high levels of bilirubin, alanine 
aminotransferase, γ-glutamyltransferase, cirrhosis and 
ascites despite biliary tract flushing procedures and drug 
therapy. In the other patients and controls, no mutation 
was detected.

Conclusions: Heterozygous termination codon 
mutation of NR1H4 R176X was found in idiopathic 
infantile cholestasis. The novel mutation is useful to 
establish particular characteristics for differential 
diagnosis of idiopathic infantile cholestasis and to 
determine the influence of such gene defects in the 
prognosis.
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Introduction

Cholestasis can be divided into extrahepatic and 
intrahepatic cholestasis. Extrahepatic cholestasis 
is caused by extrahepatic diseases such as bile 

duct injury, obstruction and congenital biliary atresia. 
Intrahepatic cholestasis was due to intrahepatic bile 
duct injury and damaged liver cells. Intrahepatic bile 
duct injury is characterized by intrahepatic bile duct 
hypoplasia and paucity. About 40%-50% of infantile 
intrahepatic cholestasis cases are idiopathic due to 
unknown causes; 5%-10% of them have persistent 
inflammation or fibrosis, and a few develop severe 
liver diseases, such as cirrhosis. Despite the unknown 
cause of idiopathic infantile cholestasis, it is suggested 
that genetic factors had a relation with cholestasis, 
such as familial intrahepatic cholestasis-1 deficiency 
in progressive familial intrahepatic cholestasis type 1 
(PFIC-1), bile salt export pump gene (BSEP) deficiency 
in PFIC-2,[1,2] and multidrug resistance protein 3 
(MDR3) deficiency in PFIC-3.[3]

Farnesoid X receptor (FXR) encoded by the NR1H4 
gene is a member of the nuclear receptor superfamily 
of ligand-activated transcript factors. As a metabolic 
regulator, FXR plays a key role in hepatoprotection 
by maintaining the homeostasis of liver metabolism, 
involving bile acid, cholesterol and lipid metabolism.[4,5] 
Variation of NR1H4 as a factor for development of 
gallstones indicates complex interactions of NR1H4 
alleles.[6] It was reported that four of NR1H4 functional 
variants (-1g>t, W80R, M1V, M173T) may predispose 
to intrahepatic cholestasis of pregnancy. [7] The 
decreased FXR activity is also found to be associated 
with PFIC-1.[1] In idiopathic infantile cholestasis, 
however, NR1H4 variants are rarely reported. This 
study aimed to determine whether NR1H4 mutations 
take place in idiopathic infantile cholestasis.
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Methods
Patients
Seventy-eight infants with idiopathic infantile 
cholestasis were enrolled in the study, and 95 healthy 
infants without cholestasis served as a control group. 
The patients were selected according to the following 
criteria: (1) a history of chronic cholestasis onset of 
unknown origin in the neonatal/infantile period; (2) 
elevated concentrations of total bile acid and total 
bilirubin (TB), mainly marked conjugated bilirubin 
(CB); (3) increased concentration of serum alanine 
aminotransferase (ALT); (4) presence of hepatomegaly 
or hepatosplenomegaly; and (5) absence of viral 
infections (such as hepatitis A virus, hepatitis B virus, 
hepatitis C virus, cytomegalovirus, herpes simplex 
virus, rubella virus, toxoplasma gondii, tubercule 
bacillus and treponema). The infants of the control 
group did not suffer from cholestasis. In addition, 
serum TB, CB, ALT, aspartate aminotransferase (AST) 
and γ-glutamyltransferase (γ-GT) were recorded.

Informed consent was obtained from the guardians 
of the infants, and the study protocol was approved by 
the institutional ethical committee of the First Affiliated 
Hospital of Guangxi Medical University, China.

Polymerase chain reaction (PCR) amplified all 
coded exons of NR1H4
Genomic DNA was extracted from leucocytes in 
peripheral venous blood by the phenol chloroform 
method, and the DNA concentration was quantified 
by spectrophotometry. The oligonucleotide primers 
for PCR analysis were designed to cover all coded 
exons of NR1H4 as well as the intron-exon boundaries 
(Table) .  Pr imary PCRs for  genera ted  NR1H4 
fragments were generally performed in a reaction 
volume of 50 μL with 100 ng genomic DNA, 1.5 
unit Taq polymerase (Fermentas), 10×PCR buffer 
(Fermentas), 1.5 mmol/L MgCl2 (Fermentas), 200 
μmol/L deoxynucleoside-5-triphosphates (Takara), 
and 20 μmol each primer. PCR conditions included 
an initial denaturation step at 95ºC for 5 minutes, 
followed by 30 cycles of denaturation at 94ºC for 45 
seconds, annealing at 52ºC-60ºC for 30-50 seconds in 
accordance with conditions between different exons 
and extension at 72ºC for 50 seconds or 1 minute. The 
PCR reaction was terminated after an extension step at 
72°C for 5-10 minutes.

Single-strand conformation polymorphism (SSCP) 
and genomic DNA sequence analysis
NR1H4 mutations search was performed by SSCP. 
The PCR products were excised from 2% agarose 
gel and purified. SSCP analysis was performed 

on the PCR fragments that contained all coding 
exons. Samples (2 μL PCR product + 4 μL loading 
d y e  s o l u t i o n ,  w i t h  1 0 %  s u c r o s e  a n d  0 . 0 5 % 
bromchlorphenol blue[8]) were denatured at 98ºC 
for 5 minutes, and then chilled on ice to generate 
a single-strand DNA. Electrophoreses were run at 
two different temperatures. The first temperature 
was calculated in an empirical formula T = [80×C/ 
(A+1)]/{2.71×[C/ (A+1)]}[8] given by professor LI 
Wei. The latter temperature was run at 4ºC. The 
electrophoretic temperature was controlled by an 
incubator (MIR-153, Sanyo). DNA bands were 
revealed by the silver-stain method. DNA bands of 
SSCP shift different from the others were considered 
for DNA sequence analysis with ABI 3100. The 
results of sequence were compared with the normal 
sequences of NR1H4 in GenBank (NC_000012.11).

Results
In the patient group, the mean TB was 194.43±13.33 
μmol/L (nomal ≤ 20 μmol/L). The mean level of CB 
was 105.75±6.44 μmol/L, and the mean serum ALT 

Table. PCR amplicon information for NR1H4
Fragment Primer sequences (5’-3’) Product

 size (bp)
Exon 3 F: 5-TCT CCT AAC CAA CCC TTC C-3

R: 5-GCA TTT CCT CAT GTA TTT CC-3
259

Exon 4 F: 5-AAC CAT TAC GCC AAA C-3
R: 5-GAG GCT CTG TCT CCA CA-3

401

Exon 5 F: 5-TCA GTG TTT CTC CCA CA-3
R: 5-TGA CAT CTG CCT CCT T-3

227

Exon 6 F: 5-TCT GTG ATT GGT GAA GTC T-3
R: 5-CAG TTC CTG CCA GTC TT-3

214

Exon 7 F: 5-ACA TCT TCC CTA ACA CCT-3
R:5-GGC AAT AAA AAC TCC AG-3

200

Exon 8 F: 5-TAG TAA GAT GGG TTT TC-3
R: 5-CTA ATC TGT GGG CAC-3

279

Exon 9 F: 5-TAG GAT TTC AGA CTT TGG ACC-3
R: 5-ACA AAC TCT TTT ACC ATT AGC C-3

183

Exon 10 F: 5-ACT TTC CCC CAC AGG-3
R: 5-GCA GAA TTA TAG GCT ACT TT-3

253

Exon 11 F: 5-TAT GCT GAA TTA ATG CTT TTC CAC-3
R: 5-GAG AGA GAA AAA GGA GCT AGA CCC-3

342

Fig. Sequence of the termination codon mutation, NR1H4 R176X 
(CGA-TGA).
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was 123.80±11.63 U/L (nomal ≤40 U/L). The mean 
AST was 273.86 ± 27.90 U/L (normal ≤40 U/L) and 
γ-GT was 308.60±46.30 U/L (nomal ≤50 U/L). All 
of the patients had hepatomegaly and 62 of them had 
splenomegaly. In the control group, all the biochemical 
markers were normal (P<0.01).

In our study one patient had a mutation in exon 
5. The mutation sequencing showed a heterozygous 
substitution (CGA-TGA) in codon 176 (Fig.), which 
creates a stop codon R176X in exon 5 (GenBank 
NP_005114.1). This was a novel heterozygous 
termination codon mutation. But in the other patients 
and controls, there were no relevant mutations detected.

The peak levels of TB and CB of the patient with 
R176X mutation was 348.2 μmol/L and 193.6 μmol/
L respectively. The levels of ALT, AST, and γ-GT 
were 72 U/L, 402 U/L, and 61 U/L respectively. The 
patient received a surgery for biliary tract flushing and 
T-tube drainage procedures due to the failure of drug 
treatment. Two days after surgery, the TB was 256.4 
μmol/L, CB 133.0 μmol/L, ALT 98 U/L, and γ-GT 
69 U/L. Three weeks after surgery, the TB was 170.3 
μmol/L, CB 103.6 μmol/L, ALT 219 U/L, and γ-GT 
195 U/L. But five weeks after surgery, the TB was 
334.4 μmol/L, CB 185.6 μmol/L, ALT 143 U/L, and 
γ-GT 144 U/L. The patient was subjected to persisted 
drug administration. Ultrasonography showed a small 
amount of ascites and cirrhosis. Histopathologically, 
liver cells and bile capillaries were more extensive 
cholestasis and interstitial fibrosis. But most of 
the other patients without this mutation had good 
prognosis.

Discussion
We found a new heterozygous mutation (CGA-TGA) 
in an infant with idiopathic intrahepatic cholestasis. 
The mutation created a termination codon (R176X) 
in exon 5. Since exon 5 coded a DNA-binding 
domain in NR1H4 encoding sequence,[9] the stop 
codon mutation may lead to a peptide missing and 
loss of FXR regulatory function, which may result 
in intrahepatic cholestasis. This finding is supported 
by clinical characteristics in our patient. Two days 
after surgery, the TB and CB declined due to the 
flushing of the biliary tract procedures. But three 
weeks after surgery, the TB and CB were increased 
and five weeks later, they were higher than those 
at three weeks although the patient had been given 
persistent drug therapy. At last, the infant developed 
cirrhosis and ascites. While the other children 
without this mutation had a good prognosis. The 
findings suggest that NR1H4 R176X mutation may 

lead to the functional loss of FXR and failure to 
adjust bile synthesis and secretion. But this mutation 
was found only in one patient; in the other patients 
and controls no variants were observed. It was 
confirmed that NR1H4 variants may predispose to 
intrahepatic cholestasis in pregnancy. And decreased 
FXR activity is also associated with PFIC.[1]

The NR1H4 R176X mutation detected in children 
from Guangxi province of China was compared 
with the data (rs35177932 and rs61755050) from 
the International HapMap Project for the Chinese 
popula t ion  and  a l so  the  Nat iona l  Cente r  fo r 
Biotechnology Information (NCBI) Variation Database 
(dbSNP). This mutation is located in the position 
C874T (NM_005123.2), and has not been reported. 
This mutation will provide some insights into NR1H4 
in Chinese people.

FXR is acknowledged as a bile acid-activated 
nuclear receptor. BSEP and MDR3 are the target 
genes of FXR. FXR through a DNA-binding domain 
is combined to a highly conservative inverted repeat 
sequence (IR-1) of BSEP or MDR3.[10,11] Bile acids, 
FXR agonist chenodeoxycholate and synthetic agonist 
GW4064[12,13] can activate the transcription of BSEP 
and MDR3 gene expression[14,15] via a direct binding 
of FXR/retinoid X receptor α-heterodimers.[16] Chen 
et al[17] reported that BSEP and MDR3 were down-
regulated during early-stage obstructive cholestasis 
in children. The down-regulation of the major bile 
transport pathway was probably controlled mainly by 
down-regulation of FXR. This response could decrease 
the intracellular bile acid level as well as the biliary 
pressure. Therefore, if the function of FXR drops 
suddenly, it may reduce the expression of BSEP and 
MDR3, increasing the degree of intrahepatic cholestasis. 
BSEP and MDR3 have been confirmed to be related to 
genetic pathogenesis of intrahepatic cholestasis.[18]

FXR also regulates the synthesis of bile in liver 
cells through two channels. Firstly, bile acids are 
synthesized in hepatocytes and secreted across the bile 
canalicular membrane by ABC transporters which are 
regulated by FXR. Secondly, SHP, another FXR target 
gene,[16] can inhibit the expression of biosynthetic 
enzyme cholesterol 7-alpha hydroxylase (Cyp7α1).[19,20] 
By inhibiting the activity of this enzyme, it can reduce 
the synthesis of bile. The FXR null rat model also 
convinced that FXR/BAR played a central role in bile 
acid homeostasis.[21] FXR will not be able to inhibit the 
synthesis of bile if its function disappears.

Furthermore, FXR selectively inhibits NF-kappa 
B-mediated hepatic inflammatory response but maintains 
or even enhances the cell survival response. FXR is a 
negative mediator of hepatic inflammation which makes 
it play a critical role in hepatoprotection.[4,22] Also, FXR 
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can increase the canalicular bile acid output and the 
excretion of unconjugated bile acids that protects 
against cholic acid-induced liver toxicity.[23] Hence 
FXR plays an important role in the metabolic process 
of bile acid. The loss of function of FXR due to the 
NR1H4 mutation will result in bile acid metabolism 
disorder.

There are some limitations in this study. Firstly, 
only one case of the mutation in NR1H4 was detected 
and our views were based on the stop codon mutation 
and poor prognosis of the patient. This study was 
conducted in infants from Guangxi, and a small sample 
size of this study may affect the positive rate. Hence 
multi-center studies with large samples are required 
to discover more mutations. Secondly, this was only 
a preliminary study on NR1H4 in the pathogenesis of 
idiopathic infantile cholestasis. More studies should 
be considered on genetic familial pedigree analysis. 
Moreover, genetics or in vitro related experiments 
are needed to confirm FXR in the pathogenesis of 
idiopathic infantile cholestasis.

In conclusion, a termination codon mutation in 
NR1H4 R176X is very important to establish particular 
characteristics in the differential diagnosis of idiopathic 
infantile cholestasis as well as the influence of such 
gene defect in the prognosis. This mutation may be a 
new genetic metabolic etiology of idiopathic infantile 
intrahepatic cholestasis.
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