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Abstract
AIM: To evaluate the role of genetic factors in the 
pathogenesis of idiopathic infant cholestasis. 

METHODS: We performed a case-control study, in-
cluding 78 infants with idiopathic infant cholestasis 
and 113 healthy infants as controls. Genomic DNA was 
extracted from peripheral venous blood leukocytes us-
ing phenol chloroform methodology. Polymerase chain 
reaction was used to amplify the multidrug resistance 
protein 3 (MDR3) R652G fragment, and products were 
sequenced using the ABI 3100 Sequencer. 

RESULTS: The R652G single nucleotide polymorphism 
(SNP) was significantly more frequent in healthy infants 
(allele frequency 8.0%) than in patients (allele frequency 
2.60%) (P < 0.05), odds ratio, 0.29; 95% confidence 
interval, 0.12-0.84. The conjugated bilirubin in patients 
with the AG genotype was significantly lower than in 
those with the AA genotype (44.70 ± 6.15 μmol/L vs 
95.52 ± 5.93 μmol/L, P < 0.05). 

CONCLUSION: MDR3 R652G is negatively correlated 
with idiopathic infant cholestasis. Children with the 
R652G SNP in Guangxi of China may have reduced 
susceptibility to infant intrahepatic cholestasis. 
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INTRODUCTION
Idiopathic infant cholestasis is of  unknown etiology and 
can occur in either a sporadic or a familial form. Most 
affected infants have a good prognosis. Approximately 
5%-10% have persistent inflammation or fibrosis, and a 
few develop more severe liver disease, such as cirrhosis. 
Although the cause of  idiopathic infant cholestasis is 
unknown, genetic factors have been suggested by the 
existence of  some other entities with cholestasis, such as 
familial intrahepatic cholestasis-1 mutation in progressive 
familial intrahepatic cholestasis type 1 (PFIC-1), bile 
salt export pump deficiency in PFIC-2[1-3], multidrug 
resistance protein 3 (MDR3) deficiency in PFIC-3[4-6].

Studies have investigated the involvement of  MDR3 
variants in the development of  disease, and we were 
interested to note that the MDR3 R652G single nucleotide 
polymorphism (SNP) has a high allele frequency in 
generally healthy people[7]. Our aim was to study the 
MDR3 R652G SNP distribution frequency in idiopathic 
infant cholestasis and healthy infants and to determine 
whether there were any differences between them and, if  
so, their relevance. 

MATERIALS AND METHODS
Patients
Seventy eight infants were diagnosed with idiopathic 
infant cholestasis in the case group and there were 113 
healthy infants in the control group. The patients were 
included in the study on the basis of  the following crite-
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ria: (1) a history of  chronic cholestasis onset in the neo-
natal/infant period with unknown origin; (2) presence 
of  hepatomegaly or hepatosplenomegaly; (3) persistent 
marked serum alanine aminotransferase (ALT) activity; 
(4) elevated total bile acid concentration and total bili-
rubin (TB), mainly marked conjugated bilirubin (CB); 
(5) absence of  viral infections (such as hepatitis A virus, 
hepatitis B virus, hepatitis C virus, cytomegalovirus). 

For patients and healthy infants, the following bio-
chemical parameters were recorded: serum ALT and 
aspartate aminotransferase (AST); γ-glutamyltransferase 
(γ-GT) and serum TB and CB.

We received informed consent from all the subjects’ 
guardians to take part in the study, and the protocol was 
approved by the local ethical committee of  the Hospital.

Polymerase chain reaction (PCR) amplified the MDR3 
R652G and sequence analysis
Genomic DNA was extracted from peripheral venous 
blood leukocytes using standard phenol chloroform 
procedures. The DNA concentration was quantified by 
spectrophotometry. Primers for MDR3 R652G were 
forward (5'-CATCCATTTGGAGACACACACAC-3') 
and reverse (5'-GTAGCAGTCATCTGTGCCTGAA
A-3')[7]. The primary PCR product fragments were 348 
bp. PCRs for generating the R652G fragments were 
generally performed in a reaction volume of  50 μL with 
100 ng of  genomic DNA, 1.5 U of  Taq polymerase 
(Fermentas), 10 × PCR buffer (Fermentas), 1.5 mmol/L 
of  MgCl2 (Fermentas), 200 μmol/L deoxynucleoside-
5-triphosphate (Takara) and 20 μmol of  each primer. 
PCR conditions included an initial denaturation step at 
95℃ for 5 min, followed by 30 cycles of  denaturation at 
94℃ for 30 s, annealing at 65℃ for 30 s and extension at 
72℃ for 1 min. The PCR reaction was terminated after 
an extension step at 72℃ for 10 min. The PCR products 
were analyzed by 2% agarose gel with 0.5 μg/mL 
ethidium bromide and quantitated approximately with 
a DNA marker (Takara, DaLiang). The PCR products 
sequence analysis was run in the ABI 3100 automated 
DNA sequencer. Sequences were compared with the 
sequence of  the MDR3 in GenBank (NG_007118.1, GI: 
169234676).

Statistical analysis
Data are given as mean ± SD. Comparison of  the 
frequency of  the R652G SNP was made between patients 
and controls, and the analysis of  association with the 
phenotype was performed by χ2 test or Fisher’s exact 
test when appropriate. A P-value < 0.05 was considered 
statistically significant. The data was analyzed using 
SPSS 13.0. The odds ratio (OR) was calculated with the 
corresponding 95% confidence intervals (95% CI). Allele 
frequency was tested for the Hardy-Weinberg equilibrium. 

RESULTS
The study comprised 78 infants with idiopathic infant 
cholestasis and 113 controls. Details of  the study groups 
are shown in Table 1. The mean total bilirubin was 

194.43 ± 13.33 μmol/L (normal ≤ 20 μmol/L). The 
mean CB was 105.75 ± 6.44 μmol/L. The mean serum 
transaminase levels were 273.86 ± 27.90 and 123.80 
± 11.63 U/L for AST and ALT, respectively (normal 
≤ 40 U/L), and mean serum γ-GT was 308.60 ±  
46.30 U/L (normal ≤ 50 U/L). The levels were all normal 
in the control group. All the patients had hepatomegaly, 
and 62 of  the 78 cases had splenomegaly.

PCR products sequence analysis showed a heterozy-
gous substitution A>G (Figure 1) in codon 652 which 
creates an amino acid substitution in codon R652G in 
exon 16. Distribution of  the genetic polymorphisms in 
patients and controls is shown in Table 2. Test results 
showed that the R652G genotype distribution in the 2 
groups was in line with the Hardy-Weinberg equilibrium, 
indicating that the selected sample was representative of  
the population. The patient AG genotype frequency was 
significantly lower than in the control group (P < 0.05). 
The AG genotype was negatively correlated with idio-
pathic infant cholestasis (OR, 0.29, 95% CI: 0.12-0.84) 
showing that the AG genotype has a protective effect in 
the normal population (Table 2).

Biochemical markers comparison in patients with 
different genotypes
The patient group was divided into 2 sub-groups ac-

Table 1  Clinical characteristics of the 78 idiopathic infant 
cholestasis patients (mean ± SD)

Patients Controls

Age (mo)    1.8 ± 0.31     1.2 ± 0.25
TB (μmol/L) 194.43 ± 13.33a 12.94 ± 5.15
ALT (U/L) 123.80 ± 11.63a 29.09 ± 2.62
AST (U/L) 273.86 ± 27.90a 34.43 ± 2.43
γ-GT (U/L) 308.60 ± 46.30a 30.22 ± 9.90

aP < 0.05 vs control. TB: Total bilirubin; AST: Aspartate aminotransferase; 
ALT: Alanine aminotransferase; γ-GT: γ-glutamyltransferase.

Table 2  MDR3 R652G genotypes and allele frequencies in 
patients and controls  n  (%)

Groups n Genotypes     Allele            P -value

A/A A/G G/G frequency (%)

Patients   78 74 (94.9) 4 (5.1) 0 2.6 < 0.051

Controls 113 95 (84.1) 18 (15.9) 0 8.0

1Fisher’s exact test between patients and controls for genotype frequency. 
P = 0.022; OR, 0.29; 95% CI, 0.12-0.84.

A   A  G  G  C  T  G  C  C  A   C  T  N  G  A  A  T  G  G  C  C  C   C  A  A  A

Figure 1  Sequence of the multidrug resistance protein-3 (MDR3) single 
nucleotide polymorphism R652G (A>G).
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cording to genotype and serum biochemical parameters 
were compared. The CB of  the AG genotype (44.70 ± 
6.15 μmol/L) was significantly lower compared with 
that of  the AA genotype (95.52 ± 5.93 μmol/L) (P < 
0.05). Other serum markers in the sub-groups with the 
2 genotypes were not significantly different (P > 0.05) 
(Table 3).

DISCUSSION
Our study is the first report of  the MDR3 R652G SNP 
in children in China. Our data showed that the R652G 
SNP had a significantly higher proportional distribution 
in normal infants than in idiopathic infant cholestasis 
patients. Moreover, in the cholestasis group, the CB 
of  AG genotype patients had a lower mean value than 
in the AA genotype patients. It is known that CB is 
a very important index that can reflect the extent of  
intrahepatic cholestasis. For this reason, we can infer that 
the R652G variant has a specific protective effect in the 
normal population.

In previous studies, in the analysis of  MDR3 gene 
sequence variants in different countries, the R652G SNP 
was the only protein-altering variant with high allele 
frequency in all groups. It was 7.3% in Caucasians, 1.4% 
in Japanese and 2.3% in Koreans[7]. In another study, the 
variant was 7.3% in healthy Caucasians, 8.6% in primary 
biliary cirrhosis patients and 12.8% primary sclerosing 
cholangitis patients[8]. R652G is a MDR3 gene mutation 
that results in non-synonymous amino acid substitutions 
but is not associated with disease. In Switzerland, a 
study showed that the MDR3 R652G variant was 7% 
in healthy Caucasians, 9% in drug-induced cholestatic 
patients and 4% in hepatocellular/mixed liver injury[9]. 
Pauli-Magnus et al[10] reported the R652G variant in 10% 
of  intrahepatic cholestasis pregnancy cases and 16.3% in 
healthy controls.

The previous studies indicated that the R652G variant 
was prevalent in the general population. Furthermore, 
studies of  MDR3 R652G in a variety of  diseases showed 
no evidence that the R652G variant was related to disease. 
In our study, the R652G variant was 15.9% in healthy 
children, with a higher frequency than in infant cholestasis 
patients. Therefore, we believe that the AG genotype 
has a protective effect in infant cholestasis, and the AG 
genotype is likely to reduce the risk of  children suffering 
from cholestasis. In this study, the proportion of  the AG 
gene type in the normal population was higher than in 

previous reports from other regions, possibly because of  
the existence of  racial and geographic differences.

 There is also another phenomenon whereby R652G 
may have a protective effect and reduce the risk of  suf-
fering from disease. Jacquemin et al[11] reported one pa-
tient with intrahepatic cholestasis of  pregnancy carrying 
a R652G substitution, and whose biliary phospholipids 
were lower than other patients. Another study showed 
the A/G allele frequency was 6% in intrahepatic cho-
lestasis of  pregnancy patients and 17% in healthy con-
trols in Sweden. The AA genotype subjects were more 
likely to suffer from cholestasis[12]. Our result also con-
firmed this conclusion.

A recent study of  gallstones in sibling pairs and 
controls showed that R652G variant frequency was 18% 
in patients and 25% in controls. In the control sub-groups, 
subjects with the GG genotype had significantly lower 
cholesterol compared with those with the AA genotype. It 
is known that cholesterol is the raw material for synthesis 
of  bile acids[13]. This gives an indication of  the direction 
of  future research.

It is worth noting that this is an interesting new 
result. Most of  the MDR3 gene variants have reported 
an association with disease causation, such as PFIC and 
intrahepatic cholestasis of  pregnancy[14,15]. In contrast, 
the R652G variant seems to have a protective effect. It 
has been assumed that the missense mutation R652G is a 
neutral polymorphism. Sequence comparisons of  MDR3 
genes identified that the glycine residue is conserved in 
other species such as rat and hamster. More research will 
be required to confirm that in the future.

In conclusion, the MDR3 R652G SNP is negatively 
correlated with cholestasis (OR, 0.29, 95% CI, 0.12-0.84). 
Children in Guangxi of  China with the R652G variant 
may have reduced susceptibility to infant intrahepatic 
cholestasis. 

COMMENTS
Background
Idiopathic infant intrahepatic cholestasis is a common clinical disease that can 
occur in either a sporadic or a familial form. The incidence of idiopathic infant 
intrahepatic cholestasis is very high in China. If not treated early, approximately 
5%-10% of patients can have persistent inflammation or fibrosis, and a few 
develop more severe liver disease, such as cirrhosis. 
Research frontiers
All studies in recent years on the multidrug resistance protein 3 (MDR3) variants 
have involved the development of disease. However, an interesting phenomenon 
is that there was no positive evidence for the MDR3 R652G variant being involved 
in the pathogenesis of intrahepatic cholestasis. This study investigated the MDR3 
R652G distributed allele frequency in idiopathic infant cholestasis and healthy 
infants to determine whether there were any difference and, if so, their relevance. 
Innovations and breakthroughs
Most studies have concentrated on MDR3 mutations in the pathogenesis of 
progressive familial intrahepatic cholestasis type 3, intrahepatic cholestasis of 
pregnancy and cholelithiasis. There have been few studies investigating MDR3 
and idiopathic infant intrahepatic cholestasis. In order to evaluate the role of 
the MDR3 R652G variant in the pathogenesis of idiopathic infant cholestasis, 
the authors analyzed the MDR3 R652G polymorphism in a case-control study 
in Guangxi Chinese infants. The authors found that the R652G variant was 
significantly more frequent in healthy infants than in patients. The results 
showed that the R652G variant has a protective effect in healthy infants and 
reduces the possibility of suffering from idiopathic infant cholestasis. The result 

Table 3  Comparison of clinical characteristics in patient sub-
groups according to genotype (mean ± SD)

Patients A/A Patients A/G
TB (μmol/L) 198.94 ± 14.85   91.65 ± 15.70
CB (μmol/L) 95.52 ± 5.93   44.70 ± 6.15a

ALT (U/L) 131.54 ± 11.91   92.50 ± 10.01
AST (U/L) 281.29 ± 28.26 129.25 ± 12.43
γ-GT (U/L) 317.68 ± 47.64   77.00 ± 18.78

CB: Conjugated bilirubin. aP < 0.05.

 COMMENTS
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was not the same as a previous study. The reason may be a result of ethnic 
population differences and the variability in geographical location.
Applications
The study results suggest that the MDR3 R652G variant has a protective effect 
in healthy infants. This will give further information for comparing geographical 
regions, and it is very important to establish particular characteristics of MDR3 
R652G that can be useful in the differential diagnosis of idiopathic infant 
cholestasis, and furthermore, may establish the influence of such an single 
nucleotide polymorphism (SNP) in prognosis.
Terminology
MDR3 R652G: MDR3 R652G is a SNP of the MDR3 in the 652 coding site. The 
MDR3 is encoded by the ABCB4 gene, and the 652 coding site is located in 
ABCB4 exon 16. The R652G is a gene mutation where the adenine (A) mutates 
into guanine (G) which causes AGA>GGA resulting in arginine substitution by 
glycine (R652G).
Peer review
The paper gives a significant contribution to basic science knowledge, as well 
as clinical practice. Publishing this manuscript will allow further comparison with 
data from other regions and help to clarify the pathogenesis of idiopathic infant 
cholestasis.
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