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Abstract. Hepatolithiasis is a common disease that represents 
a serious health threat to the Chinese population. The patho‑
logical mechanism underlying hepatolithiasis is closely related 
to bacterial infections of the intrahepatic bile duct, followed by 
chronic inflammation and the overexpression of mucin 5AC 
(MUC5AC). However, the exact mechanism responsible for the 
lipopolysaccharide (LPS)‑induced upregulation of MUC5AC has 
yet to be elucidated. Specificity protein 1 (Sp1) is a ubiquitous 
transcription factor that plays a vital role in the regulation of a 
number of genes that are responsible for normal cellular func‑
tion. microRNA (miR/miRNA)‑130b is a member of the miRNA 
family. miRNAs can bind to the 3'‑untralsated region (3'‑UTR) 
of a target gene and influence its expression levels. The present 
study found that LPS increases the expression of MUC5AC by 
influencing Sp1 secretion. Chromatin immunoprecipitation‑quan‑
titative PCR experiments further verified three Sp1 binding sites in 
the MUC5AC promoter sequence that can regulate the expression 
of MUC5AC. Further analysis demonstrated that Sp1 expression 
was regulated by miR‑130b. Luciferase experiments identified one 
miR‑130b binding site in the Sp1 3'‑UTR region. In vivo experi‑
ments also confirmed the role of the miR‑130b‑Sp1‑MUC5AC 
signaling pathway in the formation of biliary stones and indicated 
that this pathway may provide targeted therapeutic strategies for 
the treatment of intrahepatic bile duct stones.

Introduction

Hepatolithiasis is a common disease that poses a serious health 
threat to the Chinese population, with an incidence rate of 

2‑25% (1). The underlying pathology of hepatolithiasis involves 
chronic proliferative cholangitis of the mucus‑producing major 
intrahepatic bile duct; this represents the key lesion associated 
with this condition (2,3). The proliferative glands and biliary 
epithelium produce high amounts of mucin to initiate the 
process of stone formation and development, which comprise 
calcium salts and lipids (4). This is an important pathological 
mechanism that can lead to chronic proliferative cholangitis 
and stone formation (5). Bacterial infection within the biliary 
system is closely related to the development of cholelithiasis, 
in which Gram‑negative bacteria, including Escherichia coli 
and Klebsiella, produce lipopolysaccharides (LPS), a common 
substance in infectious bile and gallstone cores (6,7). A total 
of 22 mucin genes have been identified to date (8). Of these, 
mucin  5AC (MUC5AC) has been identified as the most 
important mucin secreted by the bile duct (9,10). This protein 
is expressed at high levels in patients with primary hepato‑
lithiasis and is an important nuclear‑promoting factor (11). 
Previous studies from our research group reported that under 
normal conditions, MUC5AC is only expressed at low levels in 
the human intrahepatic bile duct (12). However, the expression 
of MUC5AC is known to significantly increase following LPS 
treatment, and there is a positive association between MUC5AC 
expression and LPS concentration (13). At present, studies on 
the regulatory mechanisms underlying the overexpression of 
MUC5AC in response to a variety of factors have primarily 
focused on the airway epithelium and nasal mucosa (10). The 
regulation of MUC5AC expression is a result of the enhanced 
transcription of the MUC5AC gene; however, little is known 
about such mechanisms in the biliary system (14). Therefore, it 
is important to elucidate the specific mechanisms underlying 
mucin synthesis in the bile duct epithelium to develop strate‑
gies to inhibit the oversecretion of bile duct mucus. This would 
create a new therapeutic target for hepatolithiasis and thus help 
to prevent and treat this disease.

The transcription initiation site of the MUC5AC gene is 
located 48 base pairs (bp) upstream of the translation initiation 
codon (15). There is a sequence ~1,000 bp upstream of the 
initiation codon that features a dense distribution of transcrip‑
tion factor binding sites; these binding sites constitute the 
primary area that regulates the expression of the MUC5AC 
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gene (15). This region regulates MUC5AC in a manner that 
shows differential expression in different tissues and cells; 
this occurs via the combined action of different transcription 
factors (9). Specificity protein 1 (Sp1), a member of the SP 
family, is a ubiquitously expressed transcription factor (7). Sp1 
contains a zinc finger domain at the C terminal, which can 
specifically recognize the GC box element in DNA sequences 
and participate in the transcriptional regulation of various 
genes, such as vascular endothelial growth factor (VEGF) and 
human epidermal growth factor receptor 2 (HER‑2) (16,17). 
Studies have demonstrated that Sp1 is the primary regulator 
of MUC5AC expression, and Sp1 expression can directly 
activate the promoter of MUC5AC, induce MUC5AC gene 
transcription and promote the high expression of MUC5AC in 
mucin (15). Electrophoretic mobility shift assays revealed that 
following activation, Sp1 protein translocates into the nucleus 
and binds to the regulatory element corresponding to the 
MUC5AC gene promoter, which is the main targeting element 
for MUC5AC transcription (16). Other previous studies have 
demonstrated that even in the same tissue, Sp1 expression 
induced by various stimuli is not consistent at the binding 
site of control elements in the MUC5AC promoter (15,18). A 
previous study reported that the Sp1 binding site within the 
324‑64 bp sequence of the MUC5AC 5'‑upstream region is an 
important regulatory element for neutrophil elastase‑induced 
MUC5AC gene expression (19). Another study investigating 
cigarette smoking‑induced secretion of MUC5AC from 
epithelial cells in the airway revealed that smoking induced 
Sp1 protein expression, phosphorylation, translocation to the 
nucleus and binding to the MUC5AC promoter‑3724/‑3224 bp 
corresponding sequences, indicating that smoking can induce 
high expression of MUC5AC; while the rest of the original 
cis‑element exerted no such function (18). The present study 
focused on a regulatory role for Sp1 in transcription and the 
binding site of Sp1 and the MUC5AC promoter in LPS‑induced 
overexpression of MUC5AC in the bile duct epithelium. This 
represents the primary focus of the current study.

Further studies on the regulation of Sp1 expression found 
that in LPS‑treated RAW264.7 macrophages, microRNA 
(miRNA/miR)‑130b can directly interact with the 3'‑untrans‑
lated region (3'‑UTR) of the Sp1 gene and inhibit the expression 
of Sp1 (20), suggesting that the expression of Sp1 is regulated 
by miR‑130b. miRNAs are a class of small non‑coding s RNA 
molecules (21,22) that can specifically bind to the 3'‑UTR of 
the target mRNA by complementary pairing, which blocks 
gene expression by degrading or inhibiting the target gene 
mRNA (23,24). Abnormal miRNA expression can lead to 
the disturbance of the corresponding regulatory network and 
represents an important factor underlying the occurrence of 
diseases (25,26). Therefore, determining whether the regula‑
tion of Sp1 expression is mediated by miR‑130b during the 
overexpression of MUC5AC in the LPS‑induced bile duct 
epithelium formed the second aim of the current study.

Materials and methods

Ethics. All animal studies were approved by the local ethics 
committee of the Affiliated Shengjing Hospital of China 
Medical University (approval no. 2017PS231K). All animals 
were maintained under 12‑h light/dark cycles and had free 

access to food and water at 25˚C and normal atmospheric pres‑
sure. All handling procedures aimed to minimize suffering 
and conformed to the standards of the Ethics Committee of 
Shengjing Hospital.

Cell lines and cell culture. Human intrahepatic biliary epithe‑
lial cells (HIBEpiCs) were purchased from ScienCell Research 
Laboratories, Inc., and cultivated in epithelial cell medium 
containing 500  ml basal epithelium medium (ScienCell 
Research Laboratories, Inc.), 5  ml epithelial cell growth 
supplement (ScienCell Research Laboratories, Inc.), 10 ml 
fetal bovine serum (ScienCell Research Laboratories, Inc.) 
and 5 ml penicillin/streptomycin solution (ScienCell Research 
Laboratories, Inc.) in an incubator at 37˚C with 5% CO2. The 
cell medium was refreshed every 1‑2 days, and passaged at a 
ratio of 1:2 or 1:3 every 3 to 5 days.

Cell pretreatment and administration of LPS and inhibitors. To 
investigate the effect of LPS exposure, HIBEpiCs were treated 
with different concentrations of LPS (1, 10 and 100 µg/ml and 
a negative control, which was without LPS exposure) for 24 h 
once cells have reached 60‑70% confluency. Mithramycin A 
(MA; 10  µg/ml; Sigma‑Aldrich; Merck  KGaA), an Sp1 
inhibitor, was used for inhibitory experiments. HIBEpiCs were 
incubated with 1 µg/ml MA and LPS for 24 h at 37˚C.

Western blotting. Protein expression was measured by western 
blotting, as described previously (3,6), with some modifications. 
The precipitate protein was lysed in lysis buffer (Beyotime 
Institute of Biotechnology), and protein concentrations 
were measured using a Bradford protein assay kit (Bio‑Rad 
Laboratories, Inc.). Equal amounts of protein (15 µg) were sepa‑
rated via SDS‑PAGE with an 8% gel and then transferred onto 
polyvinylidene difluoride membranes. Membranes were subse‑
quently blocked with 5% nonfat milk in TBS with 0.1% Tween‑20 
(TBS‑T) at room temperature for 1.5 h to eliminate non‑specific 
binding. Membranes were then incubated overnight with 
primary antibodies against Sp1 (1:1,000; cat. no. ab124804; 
Abcam) and GADPH (1:3,000; cat. no. 60004‑1‑Ig; ProteinTech 
Group, Inc.) at 4˚C. Subsequently, membranes were washed 
three times in TBS‑T and incubated with secondary antibodies 
2 h at room temperature (horseradish peroxidase‑conjugated 
anti‑rabbit immunoglobulin G; 1:3,000; cat. nos. WB0177 and 
A23210; Beijing Zhongshan Golden Bridge Biotechnology Co., 
Ltd.). Immunoreactive bands were then visualized using an 
enhanced chemiluminescent kit (EMD Millipore) according to 
the manufacturer's instructions. Band densities were quantified 
using Gel‑Pro Analyzer densitometry software (version 6.3; 
Media Cybernetics, Inc.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from HIBEpiCs cell cultures using TRIzol® 

(Invitrogen; Thermo Fisher Scientific, Inc.). RNA concentra‑
tion was determined by spectrophotometry. RT‑qPCR was 
performed using the PrimeScript RT reagent kit according 
to the manufacturer's instructions with gDNA Eraser (Takara 
Bio, Inc.) and SYBR Green Premix Ex Taq (Takara Bio, Inc.). 
RT‑qPCR was performed as follows: 10 min at 95˚C, followed 
by 35 cycles of 15 sec at 95˚C and 40 sec at 55˚C. The following 
primer pairs were used for the qPCR: MUC5AC, forward, 



MOLECULAR MEDICINE REPORTS  23:  106,  2021 3

5'‑AGC​CGG​CAA​CCT​ACT​ACT​CG‑3' and reverse, 5'‑AAG​
TGG​TCA​TAG​GCT​TCG​TGC‑3'; Sp1 forward, 5'‑TGG​CAG​
CAG​CAG​TAC​CAA​TGG​C‑3' and reverse, 5'‑CCA​GGT​AGT​
CCT​GTC​AGA​ACT​T‑3'; miR‑130b‑3p CAG​UGC​AAU​GAU​
GAA​AGG​GCA​U‑polyA; GADPH forward, 5'‑ACA​ACT​TTG​
GTA​TCG​TGG​AAG​G‑3' and reverse, 5'‑GCC​ATC​ACG​CCA​
CAG​TTT​C‑3' and U6, forward, 5'‑GGA​ACG​ATA​CAG​AGA​
AGA​TTA​GC‑3' and reverse, 5'‑TGG​AAC​GCT​TCA​CGA​ATT​
TGC​G‑3'. Relative expression levels were calculated using the 
2‑ΔΔCq method (6) following normalization to the expression of 
GAPDH or U6.

Immunohistochemistry (IHC). IHC was performed to detect the 
expression of MUC5AC in bile duct tissue obtained from clinical 
specimens. Tissues were obtained from patients who underwent 
partial hepatectomy due to intrahepatic bile duct stones in the 
General Surgery Department of Shengjing Hospital between 
September 2017 and November 2018; these tissues acted as 
an experimental group. Normal adjacent tissue, obtained from 
hepatic hemangioma resection surgery, were selected as the 
control group. The sample collecting procedure was approved by 
the local ethics committee of the Affiliated Shengjing Hospital 
of China Medical University (approval no. 2017PS231K). All 
patients provided written informed consent. The bile duct tissue 
was fixed overnight in 4% paraformaldehyde at 4˚C, sectioned 
into 4‑µm slices. To block endogenous peroxidase activity, each 
section was incubated with 0.3% H2O2 at room temperature for 
10 min. After blocking in 5% bovine serum albumin (Beijing 
ZSGB‑BIO Technology, Ltd.) for 20 min at room temperature, 
the sections were incubated with primary MUC5AC antibody 
(1:1,000; cat. no. ab3649; Abcam) overnight at 4˚C. The next 
day, sections were washed three times using PBS, then incubated 
with biotin‑conjugated anti‑mouse IgG (1:100; cat. no. BM2004; 
Wuhan Boster Biological Technology, Ltd.) secondary antibody 
for 20 min at room temperature. Lastly, the sections were incu‑
bated with HRP‑streptavidin (1:1,000; cat. no. BIR701‑3; Beijing 
Borsi Technology Co., Ltd.) at room temperature for 10 min, then 
visualized using a DAB peroxidase kit (1:20; cat. no. AR1000; 
Wuhan Boster Biological Technology, Ltd.) at room tempera‑
ture for 1 min, then counterstained with hematoxylin at room 
temperature for 3 min. The stained slides were visualized 
under light microscope (magnification, x200 and x400; Eclipse 
Ci‑L; Nikon Corporation) and the images were analyzed using 
ImageJ  1.51K (National Institutes of Health). Quantitative 
analysis was completed based on the percentage of positive 
cells with MUC5AC staining (0‑25%, low; 25‑50%, medium; 
>50%, high). The details of clinical specimens were shown in 
Table I.

Immunofluorescence (IF)
Tissue IF. Fluorescent co‑staining experiments were performed 
to verify the association between MUC5AC expression 
(cat. no. ab3649; Abcam) and Sp1 expression (cat. no. ab124804; 
Abcam) in bile duct tissue. IF was performed as the aforemen‑
tioned IHC procedure. Tissues were incubated with fluorescent 
secondary antibody (1:100; cat. no. FITC‑10835; ProteinTech 
Group, Inc.). Subsequently, sections were incubated with DAPI 
for 5 min to stain cell nuclei. The stained slides were visual‑
ized under fluorescence microscope (magnification, x200 
and x400; Eclipse Ci‑L; Nikon Corporation) and the images 

were analyzed using ImageJ 1.51K (National Institutes of 
Health). Quantitative analysis was completed based on the 
percentage of positive cells with MUC5AC and Sp1 staining 
(0‑25%, low; 25‑50%, medium; >50%, high).

Cell IF. HIBEpiCs pretreated with 100  µg/ml of LPS for 
24 h were used as the experimental group for cell IF anal‑
ysis. Variation in MUC5AC and Sp1 expression were then 
compared between experimental and negative control groups. 
Following LPS treatment, cultured HIBEpiCs were fixed with 
‑20˚C methanol for 10 min, washed in PBS three times for 
5 min, then blocked with 1% BSA (cat. no A8020; Beijing 
Solarbio Science & Technology Co., Ltd.) in PBS for 30 min 
at room temperature. Following washing in PBS three times 
for 5 min, the sections were then simultaneously incubated 
with MUC5AC (cat. no. ab3649) and Sp1 (cat. no. ab124804) 
primary antibodies at 1:100 dilution (Abcam) overnight at 4˚C. 
Sections were then washed in PBS three times for 5 min and 
incubated in fluorescent secondary antibody (goat anti‑rat; 
cat. no. SA00009‑1 and goat anti‑rabbit; cat. no. FITC‑10835; 
both 1:200; ProteinTech Group, Inc.) for 1 h at room tempera‑
ture. Nuclei were then stained with DAPI for 5 min at room 
temperature.

Enzyme‑linked immunosorbent assay (ELISA). ELISA was 
used to detect the concentration of MUC5AC in HIBEpiCs 
cell supernatants, which was produced by collecting and 
centrifuging cells in an ultrafiltration tube (EMD Millipore) 
at 2,000 x g 5 min at room temperature. Subsequently, 250 µl 
concentrated cell supernatant solution was obtained from the 
control, LPS exposure, Sp1 shRNA transfection and miR130b 
mimics intervention groups and assayed using the human 
MUC5AC ELISA assay kit (cat. no. CSB‑E10109h; Cusabio 
Technology, LLC) to determine MU5AC concentration.

Cell transfection. Short hairpin RNA (shRNA) plasmids 
were for the specific inhibition of Sp1 and miR‑130b mimic 
and inhibitor were purchased from Shanghai GeneChem Co., 
Ltd. A total of 8 µg shRNA plasmids and miR‑130b mimic 
were transfected into HIBEpiCs using Lipofiter Liposomal 
transfection reagent (Hanbio Biotechnology Co., Ltd.) for 48 h 
before experimentation. Transfection efficiency of shRNA 
efficiency was measured by RT‑qPCR and western blotting. 
The sequences of the shRNAs and miRs used are as follows: 
Sp1 overexpression plasmids (cat, no. 51288; Genechem Co., 
Ltd.), 5'‑AGA​AGG​AGA​GCA​AAA​CCA​GC‑3'; Sp1 suppres‑
sion shRNA (cat, no. 4090; Genechem Co., Ltd.), 5'‑CCT​GGT​
GCA​AAC​CAA​CAG​ATT‑3'; miR‑130b mimic (cat, no. 14159; 
Genechem Co., Ltd.), 5'‑ATG​CCC​TTT​CAT​CAT​TGC​ACT​G‑3' 
and miR‑130b inhibitor (cat. no. 18930; Genechem Co., Ltd.), 
5'‑ATG​CCC​TTT​CAT​CAT​TG​CAC​TG‑3'.

Luciferase reporter gene assay. Luciferase reporter gene 
assays were performed to verify the direct binding effect and 
exact binding position between miR‑130b and Sp1 3'‑UTR 
sequences. The binding site was predicted using an online tool 
(http://www.targetscan.org). Plasmids (Genechem Co., Ltd.) 
for miR‑130b, the Sp1 3'‑UTR and mutant Sp1 3'‑UTR 
(3'UTR‑mu were constructed (Table II). miR‑130b was then 
co‑transfected by Nanofectin transfection reagent (PAA 
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Laboratories GmbH; GE Healthcare) with Sp1 3'‑UTR and 
Sp1 3'UTR‑mu into HIBEpiCs. Luciferase activities were 
then detected by a Dual‑Luciferase Reporter Assay system 
(Promega Corporation) 48 h after transfection. The data were 
quantified by normalizing to Renilla luciferase activity.

Chromatin immunoprecipitation (ChIP) assay. Human 
HIBEpiCs were fixed with 1% formaldehyde for 15 min at room 
temperature and quenched with 0.125 M glycine. Chromatin 
was then isolated using lysis buffer (Active Motif, Inc.). Lysates 
were sonicated using the EpiShear™ Probe Sonicator (Active 
Motif, Inc.) with an EpiShear™ Cooled Sonication Platform 
(Active Motif, Inc.), and the DNA was sheared to an average 
length of 300‑500 bp. Genomic DNA was then prepared by 
treating aliquots of chromatin with RNase, proteinase  K 
and heating for decrosslinking overnight at 65˚C, followed 
by purification using the QIAquick PCR Purification kit 
(Qiagen China Co., Ltd.). The resultant DNA was then quanti‑
fied on a NanoDrop™ spectrophotometer (Thermo Fisher 
Scientific, Inc.). Extrapolation to the original chromatin volume 
allowed quantitation of the total chromatin yield. Genomic 
DNA regions of interest were then isolated using antibodies 
against Sp1 (1:150; cat, no. ab231778; Abcam). Complexes were 
eluted from the beads with SDS buffer and subjected to RNase 
and proteinase K treatment (10 mg/ml) at 45˚C. Crosslinks 
were reversed by overnight incubation with 5  M NaCl 
at 65˚C, and Chip DNA was purified using a QIAquick PCR 
Purification kit (Qiagen China Co., Ltd.). qPCR reactions were 
performed in triplicate using TB Green™ Premix Ex Taq™ 
(Takara  Bio,  Inc.) on a CFX  Connect™  Real‑Time PCR 
system (Bio‑Rad Laboratories, Inc.). Two positive and two 
negative control sites were tested, plus three test sites in one 
gene of interest. The resultant signals were normalized for 
primer efficiency by performing qPCR for each primer pair 
using input DNA (pooled unprecipitated genomic DNA from 
each cell sample). Primer sequences for chromatin immuno‑
precipitation‑quantitative PCR were shown in Table III.

Rat lithogene model. A total of 30 6‑week‑old male 
Sprague‑Dawley rats (body weight 220±15 g) were purchased 
from Beijing Dingguo Changsheng Biotechnology Co., Ltd. A 
total of 18 Sprague‑Dawley rats were randomly divided into two 
groups (n=9 for control group and n=9 for experiment group): 
Pseudo‑operation control group and experimental group. The 
rats were first anesthetized with pentobarbital sodium (intra‑
peritoneal injection, 30 mg/kg), underwent a laparotomy and a 
polyethylene (PE) tube was inserted into their common bile duct 
and fixed. Rats were then injected with the appropriate drugs 
(5 mg/ml LPS for the experimental group and distilled water 

for the control group) via the PE tubes over a period of 3 days. 
The pseudo‑operation control group was injected with distilled 
water (100 µl) and the experimental group was injected with 
LPS (5 mg/kg), at a total volume of 100 µl. The PE tubes were 
closed for 12 h after drug injection and then re‑opened. The 
common bile duct and intrahepatic bile duct were harvested 
15 days after surgery. The rats were anesthetized with pento‑
barbital sodium (intraperitoneal injection, 60  mg/kg) and 
then sacrificed by cervical dislocation while bile duct samples 
were obtained. The expression levels of MUC5AC, Sp1 and 
miR‑130b were evaluated by western blotting, RT‑qPCR and 
IHC. No rats died during the modeling period.

Rat biochemical analysis. Blood samples were taken from each 
group of rats and analyzed for serum total bilirubin, ALT and 
AST levels using a biochemical analyzer (cat. no. 98‑11084‑01; 
cat. no. 98‑24010‑US; cat. no. 98‑24016‑US; Catalyst One; 
IDEXX).

Statistical analysis. Data are presented as the mean ± SD. All 
figures were created using SPSS software (version 20.0; SPSS 
Inc.). Data were analyzed using one‑way ANOVA and Tukey's 
post hoc test for multiple group comparisons. Pearson algorithm 
for bivariate correlation analysis was used in positive distribution 
data. Pearson of Spearman algorithm for bivariate correlation 
analysis was used in nonpositive distribution data. P<0.05 was 
considered to indicate a statistically significant difference.

Table I. The details of clinical specimens.

	 Control group	 Patients with hepatoliths
Variable	 n=8	 n=10

Age, years	 52±16	 61±24
Male (n, %)	 5 (62.5%)	 6 (60%)
Female (n, %)	 3 (37.5%)	 4 (40%)

Table II. Primers used for the luciferase reporter gene assay.

Primer	 Sequence

miR‑130b‑F	 5'‑TGTGGAAAGGACGCGGGAT
	 CGCCCCAGCCAGCCTGCATTC‑3'
miR‑130b‑R	 5'‑CAGCGGTTTAAACTTAAGCT
	 AAAAAACACTTACCCTCTGG‑3'
Sp1 3'UTR‑F	 5'‑GAGGAGTTGTGTTTGTGGAC‑3'
Sp1 3'UTR‑R	 5'‑GACGATAGTCATGCCCCGCG‑3'
Sp1 3'UTR‑mut‑F	 5'‑GAGGAGTTGTGTTTGTGGAC‑3'
Sp1 3'UTR‑mut R	 5'‑GACGATAGTCATGCCCCGCG‑3'

Sp1, specificity protein 1. F, forward; R, reverse.

Table Ⅲ. Primer sequences for chromatin immunoprecipitation‑​
quantitative PCR.

Binding site	 Primer sequence

Sp1 binding	 F: 5'‑CACTCCTGCCACATGTGAAG‑3'
site A	 R: 5'‑GTTCTGAGCACTTGCTTCCA‑3' 
Sp1 binding	 F: 5'‑TCAGGAGACAGAAGCAGG‑3'
site B	 R: 5'‑TGAGGAGTGAGTGAGCCAAG‑3'
Sp1 binding	 F: 5'‑TCGGAAACTGGGCTCTATCC‑3'
site C	 R: 5'‑CCCTCAGCAGCCTCTGAGGA‑3'

Sp1, specificity protein 1; F, forward; R, reverse.
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Results

Expression levels of miR‑130b, Sp1 and MUC5AC differed 
between intrahepatic cholangiolithiasis tissue and normal 
tissue. Bacterial infection of the biliary tract produces LPS, 
which then induces increased expression of MUC5AC (2,3,6). 
The aim of the present study was to identify the underlying 
mechanism of this through a series of experiments. First, an 
IHC assay was performed to stain and compare the expres‑
sion of MUC5AC in clinical paraffin‑embedded sections from 
an intrahepatic cholangiolithiasis group and a control group. 
Based on the IHC results, MUC5AC staining was markedly 

higher in the intrahepatic cholangiolithiasis group compared 
with the control group (Fig. 1A). The regulatory function of 
Sp1 on MUC5AC expression and the effect of miR‑130b on 
Sp1 expression, has been described briefly for diseases in 
other body systems (15,18,19); however, their effects in biliary 
tract diseases is unknown. Therefore, MUC5AC and Sp1 were 
stained in clinical paraffin sections using an IF assay. Sp1 
expression was higher in the intrahepatic cholangiolithiasis 
compared with the control group (Fig. 1B). The expression of 
miR‑130b was significantly lower (Fig. 1C) in the cholangioli‑
thiasis group compared with the control group. These findings 
suggested that miR‑130b and Sp1 expressional changes may 

Figure 1. Detection of MUC5AC expression in normal bile duct tissue and in tissues from patients with hepatoliths. (A) Immunohistochemistry assay of 
MUC5AC staining in paraffin‑embedded sections from normal human subjects and patients with hepatoliths at different magnifications and quantitative 
analysis of MUC5AC expression level of each section. (B) Co‑staining immunofluorescence experiments for MUC5AC and Sp1 expression in sections from 
normal human subjects and patients with hepatoliths (magnification, x400), with quantitative analysis of Sp1 expression levels in each section. (C) Reverse 
transcription‑quantitative PCR experiments for miR‑130b expression in clinical tissue from normal human subjects and patients with hepatoliths. n=8 in the 
control group; n=10 in the hepatolith group. **P<0.01. MUC5AC, mucin 5AC; Sp1, specificity protein 1; miR, micro130b RNA.
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be associated with MUC5AC changes and the occurrence of 
intrahepetic gallstones.

LPS induces the expression of MUC5AC, Sp1 and miR‑130b in 
HIBEpiCs in a concentration‑dependent manner. HIBEpiCs 
were incubated with of 1, 10 and 100 µg/ml LPS for 24 h. 
Using ELISA and RT‑qPCR, it was found that the secretion 
of MUC5AC in the cell supernatant (Fig. 2A), and the expres‑
sion of MUC5AC mRNA (Fig. 2B) significantly increased 
after LPS intervention in a concentration‑dependent manner. 
Similarly, Sp1 mRNA (Fig. 2B) and protein expression levels 
(Fig. 2C) increased in HIBEpiCs following LPS interference 
in a concentration‑dependent manner. Meanwhile, miR‑130b 
levels significantly decreased upon increasing LPS concentra‑
tion (Fig. 2D). The Sp1 DNA‑binding effect in LPS‑induced 
cell nuclei was also higher compared with the control group 
(Fig. 2E). Thus, changes in MUC5AC expression in the intra‑
hepatic cholangiolithiasis biliary tissue after LPS treatment 
was consistent with changes in Sp1 expression and contrasted 
the changes observed in miR‑130b expression. These findings 
showed that the miR‑130b‑Sp1‑MUC5AC pathway may play a 
role in LPS‑induced upregulation of MUC5AC in the bile duct 
epithelium.

Changes in the expression of miR‑130b, Sp1 and MUC5AC 
in an intrahepatic bile duct stone animal model. To further 
investigate the miR‑130b‑Sp1‑MUC5AC signaling pathway, 
an intrahepatic bile duct stone animal model was established 

(Fig. 3A). After 15 days of modeling (Fig. 3B), compared with 
normal rats, the serum total bilirubin and leukocyte indices of 
the rats in the experiment group significantly increased, which 
indicated that the biliary tract of the model rats presented 
inflammation and obstruction caused by pigment stones 
(Fig. 3C). Bile samples from the model rats were collected 
after 15 days of modeling. Compared with bile of rats in 
control group, bile from the rats in experiment group were 
turbid and formed yellow crystals (Fig. 3D).

RT‑qPCR results indicated that the expression of 
miR‑130b was significantly lower in the experimental group 
compared with the pseudo‑operation group (Fig. 3E). Western 
blotting and RT‑qPCR further indicated that compared with 
the pseudo‑operation group, Sp1 protein and mRNA expres‑
sion in the experimental group were higher (Fig. 3F and G). 
RT‑qPCR results indicated that the mRNA expression 
of MUC5AC significantly increased in the experimental 
group compared with the pseudo‑operation group (Fig. 3G). 
Collectively, this series of in vivo experiments suggested that 
upregulation of MUC5AC expression in intrahepatic bile duct 
stone tissue was due to expressional changes of miR‑130b and 
Sp1.

Correlation analysis of miR‑130b, Sp1 and MUC5AC 
mRNA expression levels is shown in Fig. 3H and I. The results 
indicated that miR‑130b and Sp1 mRNA expression levels 
in bile duct samples showed a significantly negative correla‑
tion, whereas mRNA expression levels of Sp1 and MUC5AC 
showed a significant positive correlation.

Figure 2. Detection of miR‑130b, Sp1 and MUC5AC expression in HIBEpiCs following LPS treatment. (A) ELISA was performed to detect changes in 
MUC5AC expression in HIBEpiC supernatant. (B) RT‑qPCR was performed to detect changes in MUC5AC and Sp1 mRNA expression in HIBEpiCs. 
(C) Western blotting was performed to detect changes Sp1 protein expression in HIBEpiCs. (D) RT‑qPCR was performed to detect changes in miR‑130b 
expression in HIBEpiCs. (E) immunofluorescence experiments for HIBEpiCs were performed to detect the transmembrane location of Sp1 in the control group 
compared with the 10 µg/ml LPS treatment group. Magnification, x40. *P<0.05, **P<0.01. MUC5AC, mucin 5AC; Sp1, specificity protein 1; miR, microRNA; 
HIBEpiCs, human intrahepatic biliary epithelial cells; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative PCR. 



MOLECULAR MEDICINE REPORTS  23:  106,  2021 7

Figure 3. MUC5AC, Sp1 and miR‑130b levels in an intrahepatic bile duct stone animal model. (A) Sprague‑Dawley rats underwent laparotomy and a PE tube 
was inserted into their common bile duct and fixed. The PE tube was placed from the back of the neck through a subcutaneous tunnel and fixed. (B) Days 
of each drug injection. (C) Rat serum levels of AST, ALT and TB were measured. (D) Images of rat bile smears after modeling. (E) Western blotting was 
performed to measure Sp1 expression in bile duct tissues from different groups. (F) RT‑qPCR assay to detect expression of miR‑130b in bile duct tissues across 
different groups. (G) RT‑qPCR assay to detect expression levels of Sp1 and MUC5AC in bile duct tissues from different groups. (H) Correlation analysis of 
Sp1 and miR‑130b mRNA expression levels. (I) Correlation analysis of MUC5AC and Sp1 mRNA expression levels. *P<0.05, **P<0.01 and ***P<0.0001. AST, 
aspartate transaminase; ALT, alanine aminotransferase; TB, total bilirubin; MUC5AC, mucin 5AC; Sp1, specificity protein 1; miR, microRNA; RT‑qPCR, 
reverse transcription‑quantitative PCR; PE, polyethylene.
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Sp1 directly regulates MUC5AC expression by binding with its 
promoter sequence. To verify the direct binding of Sp1 to the 
MUC5AC promoter sequence and identify the corresponding 
binding sites, the possible binding sites of Sp1 to the MUC5AC 
promoter sequences were predicted using online tools. The 
predictions indicated that there are three possible binding sites, 
located at positions 665‑675, 1209‑1219 and 1918‑1928 of the 
MUC5AC promoter sequence (Fig. 4A). Three ChIP‑qPCR 
primers were designed according to these three binding sites 
(Table  II). Cells in the experimental (10 µg/ml LPS treat‑
ment for 24 h) and control groups were then evaluated using 
a ChIP‑qPCR assay. All three binding sites played a role in 
Sp1 binding. The levels Sp1 binding at the three binding sites 

were significantly higher in the experimental group compared 
with the control group (Fig. 4B). This indicated that these 
three binding sites play a role in regulating the effect of Sp1 
on MUC5AC expression and that LPS induction significantly 
increased the levels of Sp1 binding.

To provide further evidence for the regulatory effect of Sp1 
on MUC5AC expression, shRNA was used to overexpress Sp1 
or suppress Sp1 expression, or cells were pre‑treated with MA. 
RT‑qPCR, western blotting and ELISA were then performed to 
detect the changes in Sp1 and MUC5AC levels. Experimental 
results showed that Sp1 and MUC5AC mRNA in the overex‑
pression group was significantly higher compared with the 
negative control group. A marked decline in the Sp1 suppressed 

Figure 4. Identifying the direct binding position of Sp1 to the MUC5AC promoter sequence and further verification of the regulatory effect of Sp1 by 
transfection. (A) An online database was used to predict the possible binding positions for Sp1 to the MUC5AC promoter sequence. (B) Chromatin 
immunoprecipitation‑qPCR experiments showing the Sp1 binding site on the MUC5AC promoter sequence and the alterations of Sp1 binding intensity between 
control and experimental groups (10 µg/ml LPS pretreatment for 24 h). HIBEpiCs were transfected with shRNA to overexpress Sp1 or shRNA to inhibit Sp1 
or pretreated with 10 µg/ml mithramycin A (an Sp1 inhibitor). (C) RT‑qPCR detection of Sp1 mRNA expression in HIBEpiCs. (D) Western blotting assay of 
Sp1 protein expression in HIBEpiCs. (E) RT‑qPCR detection of MUC5AC mRNA expression in HIBEpiCs. (F) ELISA detection of MUC5AC expression in 
HIBEpiC supernatant. *P<0.05, **P<0.01 and ***P<0.0001. MUC5AC, mucin 5AC; Sp1, specificity protein 1; HIBEpiCs, human intrahepatic biliary epithelial 
cells; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative PCR; shRNA, short hairpin RNA; NC, negative control; MA, mithramycin A.
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group compared with the negative control group was also 
observed (Fig. 4C and D). The western blotting results showed 
that, Sp1 protein expression was significantly increased in the 
Sp1 overexpression group, but significantly lower in the Sp1 
suppressed‑expression group (Fig. 4E). ELISA results showed 
that compared with their respective controls, MUC5AC levels 
in the Sp1 overexpression group significantly increased, while 
MUC5AC levels in the MA and Sp1 suppressed‑expression 
group significantly decreased (Fig. 4F).

These results indicated that the effect of LPS‑induced 
MUC5AC upregulation in the bile duct epithelium was regu‑
lated by Sp1. Increase in Sp1 expression can promote this 
effect and decreased Sp1 expression can reverse this.

miR‑130b directly inhibits Sp1 expression by binding with its 
3'‑UTR sequence. Next, the potential binding sites of miR‑130b 
and the Sp1 3'‑UTR were predicted using online tools 
(http://www.targetscan.org/vert_72/). A binding site was found 
for miR‑130b at position 720‑726 in the Sp1 3'‑UTR sequence 
(Fig.  5A). Next, luciferase vectors containing full length 
miR‑130b and Sp1 3'‑UTR regions were constructed (Fig. 5A), 
and these luciferase vectors were co‑transfected into HIBEpiCs 
for luciferase reporter gene assays. The results indicated that, 
compared with the negative control group, the fluorescence 
intensity of the 3'UTR+mir  group significantly decreased 
(Fig. 5B), thus showing that miR‑130b binds directly to the Sp1 
3'‑UTR sequences. A point mutation vector for miR‑130b was 

Figure 5. Investigation of the direct binding position between miR‑130b and the 3'‑UTR sequence of Sp1 and further verification of the regulatory effect of 
miR‑130b on MUC5AC and Sp1 expression. (A) Online tools were used to predict the binding position of miR‑130b to the 3'‑UTR sequence of Sp1, and the 
corresponding luciferase primer for a natural plasmid and a mutated plasmid were established. (B and C) Luciferase gene detection for miR‑130b and the 
Sp1 3'‑UTR sequence. HIBEpiCs were transfected with miR‑130b overexpression mimics or miR‑130b inhibitors for 24 h. (D) RT‑qPCR detected changes 
in miR‑130b expression in HIBEpiCs. (E) RT-qPCR detected changes in of Sp1 mRNA expression in HIBEpiCs. (F) Western blotting detected changes Sp1 
protein expression in HIBEpiCs. (G) RT-qPCR detected changes in of MUC5AC mRNA expression in HIBEpiCs. (H) ELISA detected changes in MUC5AC 
levels in HIBEpiC supernatant. *P<0.05, **P<0.01 and ***P<0.0001. MUC5AC, mucin 5AC; Sp1, specificity protein 1; miR, microRNA; HIBEpiCs, human 
intrahepatic biliary epithelial cells; RT‑qPCR, reverse transcription‑quantitative PCR; 3'‑UTR, 3'‑untranslated region; LPS, lipopolysaccharide; NC, negative 
control; mut, mutant; shRNA, short hairpin RNA; inb, inhibitor.
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constructed (Fig. 5A), and this was co‑transfected with the Sp1 
3'‑UTR fragment into HIBEpiCs. It was found that the fluores‑
cence intensity of 3'UTR‑nu+miR group relatively increased 
compared with 3'UTR+mir group (Fig. 5C).

To verify the suppressive effect of miR‑130b on the 
expression of Sp1, a miR‑130b overexpression mimic and an 
inhibitor‑expression plasmid were transfected into HIBEpiCs 
for a functional recovery assay, and the expression levels of 
miR‑130b, Sp1 and MUC5AC were detected by western blot‑
ting, RT‑qPCR and ELISA. RT‑qPCR results for miR‑130b 
detection showed that, compared with the control group, 
the expression of miR‑130b significantly increased in the 
miR‑130b mimics group, while the expression significantly 
decreased in the inhibitor group (Fig.  5D). RT‑qPCR and 
western blotting results further showed that the mRNA and 
protein expression of Sp1 decreased in the miR‑130b mimics 
group, and increased in the miR‑130b inhibitor group, when 
compared with the control group (Fig. 5E and F). ELISA 
and RT‑qPCR results further showed that compared with the 
control group, the mRNA and protein expression of MUC5AC 
in the miR‑130b mimics group was significantly lower, but 
significantly higher in the miR‑130b inhibitor group. In addi‑
tion, the increase of MUC5AC induced by Sp1 shRNA can be 
suppressed by miR‑130b mimics (Fig. 5G and H).

These results indicated that LPS‑induced MUC5AC 
upregulation was achieved by increasing Sp1 expression and 
Sp1 expression was directly regulated by miR‑130b. Hence, 
the miR‑130b‑Sp1‑MUC5AC signaling pathway may play a 
role in the development of intrahepatic bile stones.

Discussion

Intrahepatic cholelithiasis is a common disease in the biliary 
system among the Chinese population  (1). At present, the 
surgical and clinical treatment method of intrahepatic choleli‑
thiasis is relatively limited in hepatectomy or choledochoscopic 
lithotripsy, however, these method were accompanied with 
numerous complications such as intrahepatic insufficiency and 
recurrence of calculus after treatment (27). Therefore, it is of 
importance to study the detailed mechanism of the disease and 
develop new treatment methods. Previous studies showed that 
LPS produced by bacterial infection of bile duct could increase 
MUC5AC secretion in the bile duct epithelium, which then 
promotes bile duct stone formation (3,6). However, to the best 
of our knowledge, the mechanism of MUC5AC overexpres‑
sion following bacterial infection has not been elucidated. The 
present study showed that MUC5AC and Sp1 expression in 
the bile duct tissue of patients with hepatolithiasis was higher 
compared with the control group, while the expression of 
miR‑130b was relatively low. In addition, LPS‑treated bile duct 
epithelial cells and in vivo experiments of Sprague‑Dawley rats 
showed similar results. Therefore, it was concluded there may 
be a mutual regulation between miR_130b, Sp1 and MUC5AC 
secretion. ChIP and luciferase reporter assays confirmed that 
miR‑130b has one binding site in the 3'‑UTR region of Sp1, 
which may regulate Sp1 expression by binding to this site. 
Sp1 contains three binding sites in the promoter sequence of 
MUC5AC, which may regulate MUC5AC secretion when Sp1 
binding with these three sites (15,18). In cell transfection exper‑
iments, it was found that the expression of Sp1 and MUC5AC 

decreased when miR‑130b was overexpressed, while inhibition 
of miR‑130b expression could promote the secretion of Sp‑1 and 
MUC5AC. Similarly, in the case Sp1 overexpression, MUC5AC 
secretion increased, while inhibition of Sp1 expression resulted 
in decreased MUC5AC expression. This further confirmed the 
regulatory effects of miR‑130b to Sp1 and Sp1 to MUC5AC. 
Therefore, the present study concluded that miR‑130b and Sp1 
may play a role in MUC5AC overexpression in the intrahepatic 
bile duct epithelium caused by bacterial infection. Utilizing the 
regulatory effect of miR‑130b and Sp1 to promote or inhibit 
miR‑130b and Sp1 expression may provide a new strategy and 
method for the treatment of hepatolithiasis. Of note, MUC5AC 
overexpression is not the only factor responsible for intrahe‑
patic bile duct stone formation. Although influencing miR‑130b 
and Sp1 expression can partly regulate MUC5AC secretion, it 
may not completely avoid stone formation. Therefore, how to 
effectively use miR‑130b, Sp1 and MUC5AC as a signal trans‑
duction pathway for the treatment of hepatolithiasis still needs 
more further experimental research.
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