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Abstract

Background: Circulating microRNA-122 (miR-122) has been increasingly reported to be a potential biomarker for drug-,
viral-, alcohol- and chemical-induced liver injury. The present study was initiated to determine the potential of circulating
miR-122 as a biomarker for cholestatic liver injury.

Methods: Both bile-duct ligation (BDL) mice and patients with biliary calculi were employed as cholestatic liver injury
models, and serum miR-122 level was determined by stem-loop real-time reverse-transcription PCR (SLqRT-PCR). All
quantitative PCR values were normalized to those for U6 RNA and calculated with the 22gCt method.

Results: Serum miR-122 increased significantly after BDL-induced cholestatic injury and showed a similar time course to ALT
concentrations. Compared with the sham controls, BDL mice had increased serum levels of miR-122 by 24.36612.86,
423.636322.89, 4.4362.02 and 12.2368.92 folds after 1, 3, 7 and 14 days, respectively. Moreover, serum miR-122 level was
substantially higher in patients with biliary calculi than that in the healthy control group. In addition, patients with severe
liver injury showed significantly higher levels of serum miR-122 when compared with healthy controls or patients with mild
or moderate liver injury. Furthermore, serum miR-122 was found to show significant diagnostic value for biliary calculi by
yielding an AUC (the areas under the receiver operating characteristic curve) of 0.931 with 77.4% sensitivity and 96.4%
specificity in discriminating biliary calculi from healthy controls.

Conclusion: Collectively, these data suggest that serum miR-122 has strong potential as a novel, specific and noninvasive
biomarker for diagnosis of cholestasis-induced liver injury.
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Introduction

Cholestasis-induced liver injury, a frequent clinical event, has an

enormous economic impact on health care expenditures. While

there is a strong correlation between stage and prognosis in

cholestasis, current screening methods for cholestaic liver injury

have significant limitations, and the exploration of new biomarkers

with high sensitivity and specificity in early diagnosis of cholestasis

never stops.

miRNAs are single-stranded RNAs of endogenous origin that

post-transcriptionally regulate gene expression, typically by

mediating mRNA degradation and/or translational blockade after

binding to complementary sequences in the 3’ nontranslated

region (3’UTR) of the target mRNA [1], and thereby play

important roles in a wide range of physiological and pathologic

processes [2,3]. Of note, miRNAs are emerging as important

players in liver health and disease, and an involvement of miRNAs

was demonstrated in hepatocyte apoptosis [4], obstructive

jaundice [5], liver fibrosis [6] and hepatocarcinogenesis [7,8].

Recently, circulating microRNAs (miRNAs) have opened up a

new field for molecular diagnosis of cancer [9,10] and acute

myocardial infarction [11,12]. More importantly, studies have

shown a modulation of serum miRNAs in rodent models of

acetaminophen overdose- [13], D-galactosamine- and alcohol-

induced liver injury and in patients with viral-induced liver injury

[14]. In light of these findings, we hypothesized that circulating

miRNAs may reflect liver damage and thus may be regarded as

biomarkers of the disease at least under some pathological settings.

One premise for using circulating miRNAs to diagnose disease

is the notion that the abundance of the miRNAs in body fluids

reflects their abundance in the abnormal cells causing the disease.

As a result, the search for such diagnostics in body fluids has

focused on miRNAs that are specific or abundant in the cells of

origin. Indeed, many miRNAs exhibit a tissue-specific distribution

[15] and they appear to play a key role in cell function both under

physiological and pathological conditions. MiR-122 was identified

as a well-conserved and the most abundant liver-specific micro-

RNA, constituting 70% of total hepatic microRNA [16]. MiR-122

PLOS ONE | www.plosone.org 1 September 2013 | Volume 8 | Issue 9 | e73133



was implicated in regulation of fatty-acid and cholesterol

metabolism [17], amplification of hepatitis C virus (HCV) genome

[18], response to interferon treatment of patients infected with

HCV [19], and carcinogenesis of hepatocellular carcinoma [20].

Thus, it is reasonable to conceive that miR-122 can be a

potentially novel biomarker, modulator and therapeutic target for

liver diseases. Indeed, recent studies have demonstrated a

remarkable antiviral effect in chimpanzees following therapeutic

silencing of miR-122 by administration of a locked nucleic acid

(LNA) antisense oligonucleotide [21], and miR-122 mimetic alone

or in combination with anticancer drugs were demonstrated to be

a promising therapeutic regimen against liver cancer [20]. More

importantly, circulating miR-122 was recently confirmed as a

sensitive and early marker for drug- [13], viral-, alcohol- and

chemical-induced liver injury [14]. However, the diagnostic value

of circulating miR-122 in other types of liver injury, such as

cholestatic liver injury, in animal models and patients remains

undefined.

We hypothesized that the level of liver-specific circulating miR-

122 may also be used to detect and monitor the pathological

development associated with cholestasis-induced liver injuries.

Using a BDL mouse model and clinical patient samples, we

investigated the utility of miR-122 as a novel potential serum

biomarker for early detection of cholestatic liver injury. We report

here for the first time that the serum level of miR-122 is associated

with liver injuries induced by cholestasis, and that miR-122 may

serve as a potential novel and reliable blood biomarker for

noninvasive cholestasis diagnosis.

Materials and Methods

Ethics Statement
This study was carried out in strict accordance with the

recommendations in the Guide for the Care and Use of

Laboratory Animals of Chongqing Medical University. The

protocol was approved by the Committee on the Ethics of Animal

Experiments of the first affiliated hospital of Chongqing Medical

University (Permit Number: 2010-[17]). All surgery was performed

under sodium pentobarbital anesthesia, and all efforts were made

to minimize suffering.

The protocol of the human research part was carried out

according to the 2008 Declaration of Helsinki and approved by

the Medical Ethics Committee on human research in the First

Affiliated Hospital of Chongqing Medical University (Permit

Number: 201103). Written informed consent was obtained from

all the participants before enrollment.

Animals and the construction of BDL mouse model
Twenty-eight 4- to 6-week-old Balc/C female mice (Central

Laboratory of animal facility, Chongqing Medical University,

Chongqing, China) were maintained at the Animal Facility of

Chongqing Medical University. Animals were kept in filter-top

cages on sterile bedding and provided with sterile food and acidic

water ad libitum. Cholestatic liver injury was induced by bile-duct

ligation, as described previously [22]. Sham-operated mice, used

as controls, underwent a laparotomy with exposure, but no

common bile duct ligation was performed. Lliver tissues and blood

samples were drawn before the operation and at 1, 3, 7 and 14 d

after the ligation.

Serum collection and storage
In our experiments, serum of human patients from an

independent group of 31 patients with biliary calculi and 28

healthy control individuals were collected for biomarker-valida-

tion. A cohort of 31 patients with biliary calculi who had

undergone imageological measurement was enrolled which were

characterized with localisation of calculi gallbladder, bile duct,

biliary pancreatitis or cholangitis. Patient blood samples for

miRNA detection were collected from 31 consecutive biliary

calculi with right upper quadrant abdominal pain admitted to

Department of emergency and 28 healthy volunteers (normal liver

function finding and no history of hepatobiliary disease) under-

went routine physical examination in the First Affiliated Hospital

of Chongqing Medical University between Jan 2011 and Feb

2011.

Blood samples from both patients and mice were centrifuged

within 1 h of collection, and the serum was transferred to RNase/

DNase-free tubes and stored at 280uC.

Serum chemistry
Standard automatic biochemistry analyzer (OLYMPUS

AU5400) was employed to detect the levels of ALT, AST, ALP,

GGT, DBIL and TBIL in serum obtained from BDL and sham-

operated mice.

Histological and pathological assay
Liver tissues were sliced into 565-mm sections, fixed in 4%

paraformaldehyde for 48 hours, and then embedded in paraffin.

Tissue sections were prepared with a microtome at 5 mm and

placed on glass slides. Liver mitosis and inflammatory infiltration

were observed microscopically after hematoxylin and eosin (HE)

staining.

Immunohistochemistry
For immunohistochemical analysis, sections were first stained

for CK-19 using goat polyclonal antibodies (Santa Cruz Biotech-

nology, Santa Cruz, CA, USA), followed by a second reaction with

biotin-labeled anti-goat IgG. Peroxidase activities were visualized

by applying diaminobenzidine to the sections, which were then

counter stained with haematoxylin.

Serum miRNA isolation
Total RNA enriched with miRNAs was isolated from serum

using the mirVana PARIS miRNA isolation kit (Amibion)

according to the manufacturer’s instructions.

Figure 1. Increased serum miR-122 concentrations in BDL mice.
The values of miR-122 fold change are the average of 5 independent
samples from each time point, and the standard derivations are shown
as error bars. Data are presented as the mean and SD. *P,0.05, and **P
,0.005, Student t-test with Bonferroni correction.
doi:10.1371/journal.pone.0073133.g001

miR-122 as Biomarker for Cholestatic Liver Injury

PLOS ONE | www.plosone.org 2 September 2013 | Volume 8 | Issue 9 | e73133



Stem-loop real-time RT-PCR
To determine the expression level of miR-122, stem-loop real-

time RT-PCR (SLqRT-PCR) was performed. miRNAs were

quantified by using TaqMan miRNA quantitative reverse

transcriptase–polymerase chain reaction (qRT–PCR) assay ac-

cording to the protocol of the manufacturer (Applied BioSystems,

Inc.). Briefly, total RNA (10 ng) was used for first-strand cDNA

synthesis using miRNA-122-specific, stem-loop primer, or U6

stem-loop primer, a control endogenous miRNA (Applied

Biosystems, Foster City, CA), followed by real-time PCR

amplification with gene-specific forward primer and a reverse

primer along with a probe, in an ABI Prizm 7500 PCR machine.

The relative miRNA expression was calculated from three

different experiments. All reactions were run in triplicate, and

results were normalized to those for U6 RNA. Relative miR-122

production was determined with the gCt method and reported as

22gCt , where Ct represents the threshold cycle. Differences in

miR-122 concentration in the disease group compared with the

control group were expressed as fold changes.

Statistics
Unless otherwise indicated, the mean and SD were calculated.

Differences between 3 or more groups were analyzed with the

Kruskal–Wallis test. Between-group comparisons were made with

Figure 2. Time courses of serum concentrations of miR-122, ALT, AST, ALP, TBIL and DBIL after BDL. The values of miR-122 fold change
and ALT, AST, ALP, TBIL and DBIL levels are the average of 5 independent samples from each time point, and data are presented as the mean and SD.
doi:10.1371/journal.pone.0073133.g002
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the Mann–Whitney U-test, Pearson x2 test, Student t-test, and

Spearman correlation analysis as appropriate. Values obtained at

baseline (0 d) were used as the reference and compared with those

obtained at 1, 3, 7, and 14 d after BDL or sham operation. To

assess whether the time courses of miR-122 and ALT, AST, ALP,

DBIL and TBIL differed, we normalized these values and

compared them by multivariate ANOVA. ROC curves were

established for discriminating patients with cholestatic liver injury

from the normal control ones. Two-tailed P values,0.05 were

considered statistically significant. All statistical analyses were

performed with SAS software (version 9.1.3; SAS Institute) and

SPSS software (version 17.0).

Results

Characterization of inflammation, biliary epithelial
cellular proliferation and hepatobiliary dysfunction in
BDL mice

Microscopically, HE staining of liver sections showed that

inflammatory cells such as neutrophils were infiltrated into hepatic

tissues of the BDL mice (Figure S1 B to E), while no neutrophil

infiltration was found in the sham-operated group (Figure S1 A).

The extravasated neutrophils will probably create a positive

feedback loop in which increased liver injury leads to increased

neutrophil infiltration, and the infiltrating neutrophils will cause

increased liver injury.

To confirm the epithelial immunophenotype, the expression of

CK-19, a specific biliary proliferation marker, was investigated in

mice liver sections. While there was an induction of CK-19

staining in ductal cells after BDL for 2 weeks (Figure S2 B), no

apparent stainings were observed in sham-operated mice livers as

expected (Figure S2 A).

To investigate hepatobiliary dysfunction after BDL, serum

alanine aminotransferase (ALT), aspartate aminotransferase

(AST), alkaline phosphatase (ALP), c-glutamyl transpeptidase

(GGT), direct bilirubin (DBIL) and total bilirubin (TBIL) were

determined (Table S1). There was a dynamic change of serum

ALT in BDL mice, reaching its peak at day 3 after BDL;

meanwhile, serum AST, ALP, TBIL and DBIL were found to be

progressive increased during BDL, indicating severe obstructive

cholestasis happening in BDL mice model. Taken together, these

data indicated impaired liver function in BDL mice when

compared with the sham-operated ones.

Serum miR-122 could be used to detect cholestatic liver
injury in BDL mice and showed a similar time course to
ALT

Mice underwent BDL were sacrificed and the serum concen-

trations of ALT, AST, ALP, TBIL and DBIL were determined

and miR-122 were measured. As is shown in Figure 1, BDL-

induced miR-122 change was readily apparent, and serum miR-

122 level was significantly increased as early as 1 d after

administration (P,0.01). Moreover, when compared with the

increases in aminotransferase activities in the blood (Table S1), the

change in miR-122 concentration appeared more significant

(Figure 1). Analysis of miR-122 revealed that compared with the

sham-operated control ones, BDL mice had increased serum levels

of miR-122 by 25.5064.65 folds, 287.02612.68 folds, 3.2160.21

folds and 16.1262.76 folds after 1, 3, 7 and 14 days, respectively.

An improvement of about one order of magnitude was achieved in

3 day after BDL over all the above mentioned liver-injury indexes.

To better understand the time-course of serum ALT, AST,

Table 1. Clinical characteristics of the healthy control and
patient group.

Parameters control group (n = 28) Patient group (n = 31) P

Age 57.14612.69 58.26614.84 .0.05

Male 17(60.7%) 16(51.6%) .0.05

Female 11 15

ALT (U/L) 24.3266.66 172.456143.03 ,0.05

AST 22.3665.50 188.626172.35 ,0.05

ALP 93.68614.95 380.906369.12 ,0.05

GGT (U/L) 25.2565.70 522.946441.47 ,0.05

TBIL ( mmol/L) 9.5364.04 83.446103.65 ,0.05

DBIL ( mmol/L) 4.0461.27 65.24686.52 ,0.05

MiR-122 241.886218.87 1476.4461066.14 ,0.001

doi:10.1371/journal.pone.0073133.t001

Table 2. Distribution of patients based on clinical feature.

Clinical feature Cases (n = 31)

calculus of gallbladder 8

calculus of bile duct 7

cholecystolithiasis with 4

cholecystolithiasis with 7

obstructive jaundice 5

doi:10.1371/journal.pone.0073133.t002

Figure 3. Increased serum miR-122 concentrations in patients
with cholestatic liver injury. (A) Comparison of miR-122 concentra-
tions between healthy controls and patients; (B) Serum miR-122
concentrations in correlation with the liver injury degree (mild injury,
80 U/L,ALT#100 U/L, n = 12; moderate injury, 100 U/L,ALT#300 U/L,
n = 10; severe injury, ALT.300 U/L, n = 9). ***P,0.001.
doi:10.1371/journal.pone.0073133.g003
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ALP, TBIL, DBIL and miR-122 levels during BDL, 20 mice were

randomly grouped into 4 groups with 5 mice in each group. The

animals were then killed at the indicated time points, and serum

samples were collected. While the AST, ALP, TBIL and DBIL

levels show a time-dependent increase during the tested time

duration (Table 1 and Figure 2), the ALT levels didn’t show a

time-dependent change, especially in samples from 3 d after

treatment. On the other hand, 50 ng of total RNA isolated from

each serum sample was used to generate cDNA for miR-122

SLqRT-PCR assay, and data from miR-122 were presented

together with ALT, AST, ALP, TBIL and DBIL levels (Figure 2)

to explore the similarity in changes between these 2 different types

of biomolecules during the progression of BDL-induced cholestatic

liver injury. By showing a significant increase 1 d after

BDL(P,0.01; Figure 1), reaching its peak at day 3 (P,0.001;

Figure 1) and remaining significantly increased until 14 d after

BDL (P,0.01; Figure 3), serum miR-122 was found to be

dynamically changed during BDL-induced cholestatic liver injury

in a time-course that was similar to ALT (Table S1 and Figure 2),

a classical biomarker of liver injury. Thus the serum miR-122 may

be employed as a useful indicator of cholestatic liver injury. The

increase in serum concentration for miR122 was earlier and orders

of magnitude higher than other variant. Therefore, we speculated

that miR-122 was a more diagnostically sensitive marker for

detecting cholestatic liver injury at either end point.

Serum miR-122 was increased in patients with biliary
calculi and showed a significant diagnostic value for
cholestatic liver injury

Extending our experiments to human patients, serum from an

independent group of 31 patients with biliary calculi and 28

healthy control individuals were collected for biomarker-valida-

tion. The general clinical characteristics of the healthy control and

the patient group were shown as in Table 1 and 2. While no

significant differences were found in age and sex between the

patient and the control group, significant differences were found in

ALT, AST, ALP, GGT, TBIL and DBIL between the two groups

(Table 1).

The level of serum miR-122 was found to be substantially

higher in biliary calculi group than that in the control group

(P,0.001, Figure 3 A). To determine whether the serum miR-122

concentration was correlated with the liver injury degree, we

evaluated 31 patients and 28 healthy controls and compared the

results with the corresponding ALT results. We divided the

patients into 3 groups (mild liver injury group, 40 U/

L,ALT#100 U/L, n = 12; moderate liver injury group,

100 U/L,ALT#300 U/L, n = 10; severe liver injury group,

ALT.300 U/L, n = 9 [23225]). miR-122 concentrations were

shown to be changed significantly across the 31 patients in the 3

subgroups (P,0.001, Figure 3 B). Moreover, patients with severe

liver injury were found to show significantly higher levels of serum

Figure 4. ROC curve analysis of serum miR-122 concentration
for discriminating cholestatic liver injury in human patients.
doi:10.1371/journal.pone.0073133.g004

Figure 5. Comparative ROC analysis for miR-122 and ALT /AST for discriminating cholestatic liver injury in human patients.
doi:10.1371/journal.pone.0073133.g005
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miR-122 when compared with healthy controls or patients with

mild or moderate liver injury.

To investigate the characteristics of miR-122 as a potential

biomarker of cholestatic liver injury, we performed ROC curve

analysis on data from all 59 samples (31 patients and 28 controls).

Serum miR-122 was found to show significant diagnostic value for

biliary calculi by yielding an AUC of 0.931 (95% CI, 0.871–0.991;

Figure 4) with 77.4% sensitivity and 96.4% specificity in

discriminating biliary calculi from healthy controls at a cut-off

value of 659.28. As shown as in Fig. 5, the AUC of ALT/AST was

0.475 (95% CI, 0.312–0.637). The results indicated that miR-122

as a potential biomarker of cholestatic liver injury was better than

ALT/AST.

Discussion

Due to the lack of reliable and predictive markers to detect the

early signs of cholestasis-induced liver injury, treatment for

cholestasis is usually delayed. In the present study, we have

demonstrated that serum miR-122 increased significantly during

BDL-induced cholestatic liver injury and exhibited a similar time

course to the concentration of ALT, a classical biomarker of liver

injury. Moreover, compared with the increases in aminotransfer-

ase activities in the blood, the change in miR-122 concentration

appeared more significant, and an improvement of about one

order of magnitude was achieved over the current liver-injury

indexes. Furthermore, the clinical relevance was noted by the

observation that serum miR-122 levels were enhanced significantly

in patients inflicted by biliary calculi relative to corresponding

healthy controls. More importantly, patients with severe liver

injury showed significantly higher levels of serum miR-122 when

compared with healthy controls or patients with mild or moderate

liver injury. Finally, serum miR-122 was found to show significant

diagnostic value for biliary calculi by yielding an AUC of 0.931

with 77.4% sensitivity and 96.4% specificity in discriminating

biliary calculi from healthy controls. These findings suggest the

potential of using liver-specific circulating miRNAs as sensitive

and informative biomarkers for cholestatic liver injury.

Ever since the cloning of miR-122 from the liver by Lagos-

Quintana et al. [26], numerous attention has been focused on

trying to understand the functions of this developmentally

regulated liver-specific microRNA [27]. Among the predicted

targets of miR-122 are factors involved in differentiation, cell cycle

progression, inflammation, transcription, protein biosynthesis,

cholesterol, and carbohydrate metabolism [28]. In the present

study, we serendipitously identified serum miR-122 as a potential

novel biomarker for cholestatic liver injury while profiling

microRNAs in a rodent model of BDL-induced cholestasis.

Extending this study to human patients showed that the up-

regulation of serum miR-122 correlates with a severe liver injury

in patients with biliary calculi.

Compared with an increase in aminotransferase activities in the

blood, the change in miR-122 concentration appeared more

significant after BDL. Analysis of miR-122 by use of the mirVana

qRT-PCR miRNA detection assay revealed that compared with

the sham-operated control ones, BDL mice had increased serum

levels of miR-122 by 287.02612.68 folds at 3 days after BDL,

achieving an improvement of about one order of magnitude over

all the current liver-injury indexes. In addition, our data

demonstrated that the serum concentration of miR-122 showed

a good correlation with that of ALT, a classical marker of liver

injury, thus clearly supporting the hypothesis that miRNAs may

leak out of injured cells into the circulating blood and thereby

serve as markers for identifying the type of injured cell.

We further determined miR-122 levels in serum from healthy

control and cholestatic patients. Our result that miR-122 was

detected at a quite low level in serum from healthy people, but

could be easily detected in serum from cholestatic patients

revealed for the first time that monitoring the serum levels of

miR-122 could also be applied in clinical diagnosis of cholestasis.

However, compared with the result from the BDL animal model,

we noticed that the serum levels of miR-122 in cholestatic patients

were much lower than those in BDL mice. Through ROC

analysis, the present work has led us to identify that miR-122 can

be a clinically practicable biomarker for cholestasis diagnosis with

high sensitivity and specificity, further indicating that miR-122

might be a good and more reliable biomarker for cholestasis

diagnosis.

The present study provides the first clinical evidence of

circulating miR-122 as a biomarker of cholestasis-induced liver

damage. However, research limitations such as small sample size

do exist in our study. Therefore, additional investigations with

larger cohorts of healthy people and patients are still needed to

extensively evaluate the potential of miR-122 as a practical

biomarker in comparison with other hepatic markers. On the

other hand, although there is great interest in circulating miRNA

as disease biomarkers, the characterization of many preanalytical

and analytical parameters are still required in order to translate

promising miRNAs into validated clinical tests. Unless these causes

of imprecision are considered and mitigated, only miRNAs that

are extremely up- or downregulated will be suitable as clinical

biomarkers [29].

In summary, serum miR-122 levels were increased in cholesta-

sis-induced liver injury in both BDL mouse models and patients

with biliary calculi, perhaps through increased release of miR-122

from injured hepatocytes. Elevated liver-apecific miR-122 in

serum may be a novel sensitive and specific biomarker for early

detection of cholestatc liver injury in humans. Thus miR-122

might evolve as biomarkers in the diagnosis of biliary calculi.

Supporting Information

Figure S1 HE staining in sham-operated control mice
and BDL mice. The normal hepatic architecture was lost,

extended necrotic areas were frequently observed and a marked

ductal proliferation was present in BDL mice as compared with

the control group (Sham). Inflammation, cholestasis and biliary

epithelial cellular proliferation were present in the BDL mice.

(TIF)

Figure S2 Bile-duct ligation led to elevated biliary
epithelial cellular proliferation. The brownish stained cells

denote the positively stained ones. While CK-19 was found to be

mainly expressed in ductal cells in the BDL mice liver (B), scarcely

no CK-19 expression was observed in those of the sham-operated

mice (A) (original magnification 620).

TIF

Table S1 Dynamic changes of serum ALT, AST, ALP,
TBIL and DBIL concentrations during BDL.
(DOC)
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