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Abstract: We aimed to investigate the value of cholestasis-related miRNAs in the diagnosis of intra-hepatic cholesta-
sis of pregnancy (ICP) as well as the molecular mechanisms underlying the role of these miRNAs in the pathogen-
esis of ICP. In this study, electron microscopy was utilized to observe the exosomes present in the urine samples 
collected from both ICP patients and healthy pregnant women. Real-time PCR and area under curve (AUC) analysis 
were performed to predict the values of several miRNAs in the diagnosis of ICP. Bioinformatics analysis and lucif-
erase assays were conducted to identify the target genes of miR-21, miR-29a and miR-590-3p, whose regulatory 
relationships were then established using real-time PCR, immunohistochemistry (IHC) assay and Western Blot. In 
the exosomes isolated from urine samples, several miRNAs, including miR-21, miR-29a and miR-590-3p, were 
differentially expressed between ICP patients and healthy pregnant women. In addition, the gene of intercellular 
adhesion molecule 1 (ICAM1) was identified as a shared target of miR-21, miR-29a and miR-590-3p, all of which 
inhibited ICAM1 expression. Therefore, up-regulated expression of miR-21, miR-29a and miR-590-3p in urinary 
exosomes reduced the expression of ICAM1, which in turn increased the incidence of ICP.
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Introduction

As a syndrome specifically related to pregnan-
cy, the incidence of intra-hepatic cholestasis of 
pregnancy (ICP) ranges from below 1% to above 
15% in different countries [1]. ICP is featured by 
pruritus and abnormal liver functions. The 
symptoms of ICP usually become more obvious 
in second and third trimesters of pregnancy, 
and ICP patients may recover in several days 
after delivery. Currently, the pathogenesis of 
ICP has been attributed to many factors includ-
ing environmental, nutritional, endocrinologic 
and genetic factors [1].

As a class of short non-coding RNAs (ncRNAs) 
of less than 25 nucleotides in length, microR-
NAs (miRNAs) can inhibit the expression of their 
target genes and hence play an essential role 
in the regulation of many biological processes, 
including cell differentiation, growth, and apop-
tosis [2]. The inhibitory effect of miRNAs on pro-

tein expression is generally exerted via their 
sequence-specific binding to the 3’un-translat-
ed regions (3’UTRs) of their target mRNAs. In 
the past few years, miRNAs have been shown to 
play critical roles in the development of human 
diseases [3]. Therefore, extensive studies have 
been carried out to search specific miRNAs that 
can act as biomarkers for human disorders, 
such as complications of pregnancy [4]. Luo et 
al. showed that miRNAs can be released into 
the circulation by exosomes [5]. In addition, 
some circulating miRNAs derived from tropho-
blasts can reflect the physiological state of 
pregnancy and hence can be used as diagnos-
tic markers for pregnancy. In addition, some 
recent studies demonstrated the diagnostic 
value of circulating miRNAs in the treatment of 
cholestatic diseases. It was also shown that, as 
compared with that in urine samples collected 
from healthy pregnant women, the expression 
of hsa-miR-300 and hsa-miR-151-3p is signifi-
cantly decreased in the urine samples of ICP 
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patients, whereas the expression of hsa-miR-
369-5p and hsa-miR-671-3p is significantly 
increased [6]. In addition, a negative regulatory 
relationship was observed between the ex- 
pression of miR-369-5p and its target genes 
[7]. Furthermore, upon lung transplanta- 
tion (LT), the expression of miR-369-5p was 
reduced along with the increased expression of 
TGF-β, a target of miR-369-5p. Interestingly, 
TGF-β has been reported to be implicated in the 
pathogenesis of ICP by reducing the synthesis 
of IFN-γ and TNF-α [7].

As a member of the immunoglobulin superfam-
ily, the gene of intercellular adhesion mole-
cule-1 (ICAM-1) encodes a 90 kDa glycoprotein 
expressed on the cell membrane. The ICAM-1 
protein has been implicated in the adhesion of 
leucocytes onto the endothelium [8]. In addi-
tion, under inflammatory conditions, the expres-
sion of ICAM-1 can be detected on both the 
lateral side and the luminal side of endothelial 
cells, on which ICAM-1 has been shown to 
mediate the adhesion and migration of differ-
ent types of leukocytes on the endothelium 
prior to their penetration into tissues [9]. 
Furthermore, the expression of ICAM-1 protein 
and mRNA is increased in hyperglycemia [10]. 
Moreover, ICAM-1 is involved in neovascula- 
rization by regulating the adhesion of EPC and 
by inducing angiogenesis [11]. In terms of its 
role in cell proliferation, ICAM-1 has been 
shown to promote the survival of tumor cells via 
the activation of AKT-mediated signaling [12]. It 
was also shown that the level of ICAM-1 was 
decreased in ICP patients, thus suggesting a 
possible role of ICAM-1 in the pathogenesis of 

In this study, we enrolled 84 ICP patients and 
62 healthy pregnant women as the experimen-
tal group and the control group, respectively. 
The demographic and clinicopathological data 
of the subjects were presented in Table 1. 
Subsequently, urine and placenta samples 
were collected from each subject to compare 
the expression of different miRNAs between 
the two groups. The protocols of the present 
study were approved by the Institutional Review 
Board of our hospital. In addition, signed forms 
of written informed consent were obtained 
from all participating subjects.

Isolation of exosomes from urine samples and 
the examination of isolated exosomes by elec-
tron microscopy

Exosomes were extracted from urine samples 
using a miRCURY Exosome Isolation Kit (Exiqon, 
Vedbaek, Denmark) following the instruction of 
the kit. Subsequently, the morphology and dis-
tribution of extracted exosomes were mea-
sured according to the method shown in [21]. In 
brief, the isolated exosomes were incubated in 
50 μg/mL of Con A lectin for 1 h and then fixed 
in a 2.5% glutaraldehyde solution for 15 min. 
Subsequently, the exosomes were dehydrated 
by gradient ethanol and analyzed under a scan-
ning electron microscope.

RNA isolation and real-time PCR

Total RNA of tissue and cell samples was 
extracted using a Trizol reagent (Invitrogen, 
Carlsbad, CA) according to the instruction of 
the kit. Subsequently, the RNA isolated from 

Table 1. Demographic and clinicopathological data of 
the subjects of this study
Variable Control (N = 84) ICP (N = 62) P value
Maternal age, years 28.5 ± 5.3 29.1 ± 6.2 0.125
Gestational week 33.5 ± 2.1 33.8 ± 1.5 0.846
TBA, μmol/L 28.4 ± 3.3 27.9 ± 5.2 0.248
TBIL, μmol/L 7.6 ± 1.7 7.5 ± 2.4 0.728
DBIL, μmol/L 1.6 ± 0.4 1.7 ± 0.9 0.152
ALT, IU/L 15.6 ± 4.4 15.1 ± 3.9 0.578
AST, IU/L 17.5 ± 3.8 17.4 ± 4.1 0.792
ALP, IU/L 104.8 ±12.5 107.1 ± 12.8 0.462
GGT, IU/L 13.8 ± 3.4 14.3 ± 2.5 0.938
TBA: total bile acid; TBIL: total bilirubin; DBIL: direct bilirubin; ALT: 
alanine transaminase; AST: aspartate aminotransferase; ALP: alka-
line phosphatase; GGT: glutamyltransferase.

ICP [13]. Past studies have shown that the 
expression of ICAM-1 can be regulated by 
multiple miRNAs including miR-590-3p 
[13, 14].

In this study, we investigated the miRNAs 
related to cholestasis and compared their 
expression in the exosomes isolated from 
ICP patients and healthy pregnant women 
[6, 15-20]. Furthermore, the diagnostic 
value of these miRNAs was evaluated 
using receiver operating characteristic 
(ROC) analysis and luciferase assays.

Materials and methods

Human subjects and sample collection
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each sample was reversely transcribed to  
cDNA using a PrimeScript RT Kit (Takara, Tokyo, 
Japan). The volume of the reverse transcription 
system was 10 μL. The reaction conditions of 
reverse transcription were as follows: reverse 
transcription (15 min × 3 cycles) at 37°C and  
5 s of reverse transcriptase inactivation at 
85°C. In the next step, real-time PCR was car-
ried out using a SYBR TaqTM II Kit (Takara, 
Tokyo, Japan) on an ABI7500 real-time PCR 
instrument (ABI, Foster City, CA). The reaction 
system of real-time PCR was 50 μL, including 
25 μL of SYBR Premix Ex TaqTM II (2 ×), 2 μL of 
upstream primer, 2 μL of downstream primer, 1 
μL of ROX Reference Dye (50 ×), 4 μL of cDNA 
template, and 16 μL of ddH2O. The reaction 
conditions of real-time PCR included 30 s of 
pre-denaturation at 95°C, followed by 40 cycles 
of denaturation for 5 s at 95°C and annealing 
for 30 s at 60°C. The primers of let-7c, miR-16, 
miR-21, miR-26a-2*, miR-29a, miR-29b, miR-
30a, miR-33, miR-93*, miR-98, miR-99b, miR-
106, miR-122, miR-124, miR-148a, miR-151-
3p, miR-183*, miR-199b-5p, miR-200, miR-
204, miR-219-3p, miR-222, miR-300, miR-
302b, miR-317-3p, miR-328, miR-340-3p, miR-
369-3p, miR-369-5p, miR-409-5p, miR-425, 
miR-450a-6p, miR-489, miR-520g, miR-524-
5p, miR-526a, miR-527, miR-590-3p, miR-584, 
miR-623, miR-658 and miR-671-3p were 
designed and synthesized by Takara (Tokyo, 
Japan). The relative expression of above tran-
scripts was measured using 2 μg of total RNA 
as the template and 2 μg of GAPDH as the inter-
nal reference. The calculation of mRNA expres-
sion was carried out using the 2-ΔΔCT method.

Cell culture and transfection

HUVEC and Hs 815.Pl cells were cultured in 
DMEM (Thermo Fisher Scientific, Waltham, MA) 
supplemented with 10% fetal bovine serum. 
When the cells reached 90% confluence, they 
were detached by trypsin and then seeded into 
24-well plates. On the second day, the cells 
were transfected by miR-21 precursors, miR-
29a precursors, miR-590-3p precursors, and 
ICAM1 siRNA, respectively, using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA) according to 
the instructions of the manufacturer. In brief, 
100 pmol of plasmid (at a final concentration of 
50 nM) and 5 µL of Lipofectamine 2000 were 
each diluted into 250 µL of serum free Opti-
MEM (Gibco, Gaitherburg, MD) and incubated 
for 5 min at room temperature. Subsequently, 
the two parts were mixed together and incubat-

ed at room temperature for 20 min, and then 
added onto the cells in the 24-well plate. The 
cells were cultured for 8 h at 37°C in 5% CO2 
before the culture medium was switched to a 
complete medium. At 48 h post transfection, 
the cells were harvested for subsequent 
experiments.

Vector construction, mutagenesis and lucifer-
ase assay

The potential regulatory relationship between 
miR-21/ICAM1, miR-590-3p/ICAM1, and miR-
124/ICAM1 was predicted using an online bio-
informatics tool, TagetScan (www.targetscan.
org/). Subsequently, the binding sites of miR-
21, miR-590-3p, and miR-124, respectively, 
were identified in the 3’UTR of ICAM1 mRNA. 
Therefore, the 3’UTR of ICAM1 mRNA contain-
ing the binding sites of miR-21, miR-590-3p, 
and miR-124 was amplified by PCR and cloned 
into a pcDNA Dual-luciferase Expression Vector 
(Promega, Madison, WI). At the same time,  
site-directed mutagenesis was carried out in 
the binding sites of miR-21, miR-590-3p, and 
miR-124, respectively, to obtain mutant ICAM1 
3’UTRs corresponding to above 3 miRNAs. 
These mutant UTRs of ICAM1 3’ were also 
amplified by PCR and cloned into pcDNA vector. 
In the next step, HUVEC and Hs 815.Pl cells 
were co-transfected by miR-21 mimics + wild 
type/mutant ICAM1, miR-590-3p + wild type/
mutant ICAM1, or miR-124 + wild type/mu- 
tant ICAM1, respectively, using Lipofectamine 
2000. At 48 h post transfection, the luciferase 
activity of transfected cells was detected us- 
ing a Dual luciferase detection kit (Promega, 
Madison, WI) on a Glomax20/20 luminometer 
(Promega, Madison, WI) following the instruc-
tions of the manufacturer.

Western blot analysis

An RIPA kit (Solarbio, Beijing, China) was used 
to extract total protein from cell and tissue 
samples. Subsequently, a BCA kit (Thermo 
Fisher Scientific, Waltham, MA) was used to 
quantify the concentration of isolated proteins. 
After being separated by polyacrylamide gel 
electrophoresis, the protein samples were 
transferred onto a NC membrane by a wet 
transfer method, and then blocked in 5% BSA 
for 1 h at room temperature. In the next step, 
the membrane was incubated with diluted anti-
ICAM1 primary antibodies (1:1000, Abcam, 
Cambridge, MA) at 4°C for 12 h. After a PBS 
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wash, the membrane was subsequently incu-
bated with HRP labeled secondary antibodies 
(1:5000, Abcam, Cambridge, MA), and then 
immersed into an ECL solution (Biomiga, San 
Diego, CA) for 30 min at room temperature. The 
images of the membrane were acquired using 
an X-ray apparatus and the protein expression 
of ICAM1 was calculated using β-actin as the 
internal reference.

Immunohistochemistry

Collected placenta tissue samples were pro-
cessed into serial sections with a thickness of 
4 µm. Subsequently, the sections were dried in 
an incubator at 60°C for 1 h. In the next step, 
the sections were conventionally deparaffinized 
using xylene and dehydrated using gradient 
ethanol. Thereafter, the sections were im- 
mersed in 3% H2O2 for 10 min to block endog-
enous peroxidase activity, and then washed 
three times with distilled water (3 min for each 
wash). Antigen retrieval was performed in a 
mixture of sodium citrate buffer solution (pH 
6.0) and 0.001 M ethylene diaminetetra acetic 
acid (EDTA, pH 8.0) at the boiling temperature. 
Subsequently, the sections were cooled down 
to room temperature using an ice water bath. 
Thereafter, the sections were blocked for 20 
min at room temperature in 10% normal goat 
serum, followed by an overnight incubation at 
4°C in anti-ICAM1 primary antibodies (1:500, 
Abcam, Cambridge, MA). After PBS washing, 
the sections were incubated at 37°C for 1 h 
with biotin labeled secondary antibodies 
(1:2000, Abcam, Cambridge, MA). Subsequ- 
ently, the sections were stained at 37°C for 1 h 
in a 1:100 solution of horseradish peroxidase 
labeled streptavidin, followed by 10 min of incu-
bation with a diaminobenzidine (DAB) reagent 
(Abcam, Cambridge, MA) for color development. 
The sections treated with PBS only were used 
as the negative control. During the analysis, a 
total of 10 view fields were randomly selected 
from each section and their images were 
acquired under an inverted microscope. The 
percentage of ICAM1 positive cells in each view 
field was calculated as follows: positive expres-
sion rate of ICAM1 = number of cells positive 
for ICAM1 expression/total number of cells.

Statistical analysis

Statistical analyses were conducted using 
SPSS 21.0 (IBM, Armonk, NY). The results were 

expressed as mean ± standard deviations. 
Differences between two groups were com-
pared by t test, while differences among multi-
ple groups were compared by one-way analysis 
of variance. The ROC analysis was performed 
using NCSS software (Kaysville, UT) to compare 
the AUC of each exosomal miRNA in urine. A p 
value of < 0.05 was considered as statistically 
significant.

Results

Urinary exosomes could be used to study the 
differential expression of miRNAs between ICP 
patients and healthy pregnant women

According to a research on relevant literature, 
we chose to measure let-7c, miR-16, miR-21, 
miR-26a-2*, miR-29a, miR-29b, miR-30a, miR-
33, miR-93*, miR-98, miR-99b, miR-106, miR-
122, miR-124, miR-148a, miR-151-3p, miR-
183*, miR-199b-5p, miR-200, miR-204, miR-
219-3p, miR-222, miR-300, miR-302b, miR-
317-3p, miR-328, miR-340-3p, miR-369-3p, 
miR-369-5p, miR-409-5p, miR-425, miR-450a-
6p, miR-489, miR-520g, miR-524-5p, miR-
526a, miR-527, miR-590-3p, miR-584, miR-
623, miR-658, and miR-671-3p in this study 
since they were reported to be associated with 
cholestasis. To explore the possible associa-
tion between the above miRNAs and the patho-
genesis of ICP, we recruited 84 ICP patients as 
the experimental group and 62 healthy preg-
nant women as the control group, respectively. 
As shown in Figure 1, electron microscopy was 
utilized to observe the distribution of urinary 
exosomes. It was found that urinary exosomes 
were equally distributed between ICP and con-
trol groups, indicating that urinary exosomes 
were adequate samples to observe the differ-
entiated expression of miRNAs between ICP 
patients and healthy pregnant women.

Several cholestasis-related miRNAs were dif-
ferentially expressed between ICP and control 
groups

We used real-time PCR to measure the expres-
sion of miRNAs in isolated urinary exosomes. 
The results showed that only several miRNAs 
were differentially expressed between ICP and 
control groups. As shown in Figure 2, miR-21 
(Figure 2A), miR-29a (Figure 2B), miR-590-3p 
(Figure 2C), miR-16 (Figure 2D), miR-584 
(Figure 2E) and miR-99b (Figure 2F) were evi-
dently up-regulated in the ICP group, whereas 
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the expression of miR-151-3p (Figure 2G), miR-
200 (Figure 2H), miR-122 (Figure 2I), miR-
26a-2* (Figure 2J) and miR-520g (Figure 2K) 
was markedly suppressed in the ICP group. 

MiR-21, miR-29a and miR-590-3p could be 
used as biomarkers to predict the risk of ICP

Subsequently, we conducted an ROC analysis 
to compare the AUC of differentially expressed 
miRNAs and to evaluate their diagnostic val-
ues. As demonstrated in Figure 3, miR-29a 
(Figure 3A), miR-590-3p (Figure 3B) and miR-
21 (Figure 3C) all showed low AUC values, indi-
cating that these miRNAs had a poor diagnostic 
value if they were used individually for the diag-
nosis of IPC. However, when these three miR-
NAs were analyzed in combination, the AUC of 
miR-29a, miR-590-3p and miR-21 (Figure 3G) 
was higher than 0.95, indicating that the group 
of miR-29a, miR-590-3p and miR-21 had an 
adequate diagnostic value in predicting the risk 
of ICP. Therefore, in the following sections, we 
searched the possible targets of miR-29a, miR-
590-3p and miR-21, and studied the role of 
these miRNAs in the pathogenesis of IPC.

ICAM1 mRNA was a target gene of miR-21, 
miR-29a and miR-590-3p

By searching several common databases used 
for target gene prediction, specific binding sites 

of miR-21 (Figure 4A), miR-29a (Figure 4C) and 
miR-590-3p (Figure 4E), respectively, were 
identified in the 3’UTR of ICAM1 mRNA. 
Subsequently, miR-21 mimics, miR-29a mimics 
and miR-590-3p mimics, respectively, were co-
transfected into cells in conjunction with wild-
type/mutant 3’UTR of ICAM1 in a luciferase 
assay to investigate the possible regulatory 
relationship between ICAM1 mRNA and miR-
21/miR-29a/miR-590-3p. As demonstrated in 
Figure 4, the luciferase activity of cells co-
transfected with miR-21 mimics (Figure 4B) 
and wild-type ICAM1 was evidently down-regu-
lated. Similarly, the luciferase activity of cells 
co-transfected with wild-type ICAM1 and miR-
29a mimics (Figure 4D) or miR-590-3p mimics 
(Figure 4F) was also suppressed. In addition, 
we compared the expression of miR-21/miR-
29a/miR-590-3p and ICAM1 between ICP and 
control groups. As demonstrated in Figure 5, 
the expression of miR-590-3p (Figure 5A),  
miR-21 (Figure 5B) and miR-29a (Figure 5C) 
was all elevated in the ICP group compared 
with that in the control group. Meanwhile, the 
expression of ICAM1 mRNA (Figure 5D) and 
protein (Figure 6) was both reduced in the ICP 
group compared with that in the control group. 
Therefore, a negative correlation could be 
established between ICAM1 mRNA and miR-
21/miR-29a/miR-590-3p, with ICAM1 mRNA 
being a virtual target of these miRNAs.

Figure 1. Distribution of urinary exosomes in samples collected from ICP patients and healthy pregnant women. 
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MiR-590-3p, miR-21 and miR-29a negatively 
regulated the expression of ICAM1

HUVEC cells were transfected with miR-590-3p 
mimics, miR-21 mimics, miR-29a mimics, and 

ICAM1 siRNA, respectively, before the expres-
sion of ICAM1 mRNA and protein in transfected 
cells was measured. As shown in Figure 7, the 
mRNA and protein expression of ICAM1 was 
reduced in HUVEC cells transfected with miR-

Figure 2. Differential expression of several cholestasis-related miRNAs between ICP and control groups (*P value < 
0.05, vs. control group). A. Expression of miR-21 between ICP and control groups; B. Expression of miR-29a between 
ICP and control groups; C. Expression of miR-590-3p between ICP and control groups; D. Expression of miR-16 be-
tween ICP and control groups; E. Expression of miR-584 between ICP and control groups; F. Expression of miR-99b 
between ICP and control groups; G. Expression of miR-151-3p between ICP and control groups; H. Expression of 
miR-200 between ICP and control groups; I. Expression of miR-122 between ICP and control groups; J. Expression of 
miR-26a-2* between ICP and control groups; K. Expression of miR-520g between ICP and control groups.
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29a mimics (Figure 7A), miR-21 mimics (Figure 
7B), miR-590-3p (Figure 7C), or ICAM1 siRNA 
(Figure 7D). Similar results were also obtained 
from Hs 815.Pl cells (Figure 8), validating the 
inhibitory effects of miR-590-3p, miR-21 and 
miR-29a on ICAM1 expression. Therefore, the 
reduced ICAM1 expression in placenta would 
lead to an increased risk of ICP.

Discussion

Multiple types of extracellular vesicles are pres-
ent in urine, with exosomes being the most 
extensively studied extracellular vesicles. As 
membrane vesicles of less than 100 nm in 

590-3p (Figure 2C), miR-16 (Figure 2D), miR-
584 (Figure 2E) and miR-99b (Figure 2F) was 
evidently up-regulated in the ICP group, where-
as the expression of miR-151-3p (Figure 2G), 
miR-200 (Figure 2H), miR-122 (Figure 2I), miR-
26a-2* (Figure 2J) and miR-520g (Figure 2K) 
was markedly suppressed in the ICP group. 
Furthermore, we performed an ROC analysis to 
compare the AUC of different miRNAs. The 
results showed that the AUC of miR-29a, miR-
530-3p and miR-21 as a group was substan-
tially higher than the AUC of each individual 
miRNA, indicating that these three exosomal 
miRNAs may be used as a group for the diagno-
sis of ICP. 

Figure 3. AUC analysis of the miR-
NAs showing an increased level of 
expression in the ICP group. A. AUC 
analysis of miR-29a; B. AUC analy-
sis of miR-590-3p; C. AUC analysis 
of miR-21; D. AUC analysis of miR-
16; E. AUC analysis of miR-584; F. 
AUC analysis of miR-99a; G. AUC 
analysis of miR-21, miR-29a and 
miR-590-3p in combination.

diameter, exosomes are de- 
rived from multi-vesicular bod-
ies located in the endosomes 
[22]. The content of exo-
somes, such as miRNAs and 
mRNAs, can be transferred to 
distant receptor cells to medi-
ate inter-cellular communica-
tion [22]. Moreover, exosomes 
have been used as potential 
non-invasive biomarkers in 
the diagnosis of renal diseas-
es [23]. Unlike free miRNAs 
circulating in urine, the miR-
NAs in exosomes are highly 
stable since they are pro- 
tected by exosomes against 
endogenous RNase. A previ-
ous study demonstrated that 
exosomes could cross the 
blood-brain barrier presum-
ably through receptor-medi- 
ated transcytosis [24, 25]. 
Altered profiles of exosomal 
miRNAs have also been dem-
onstrated in the urine samples 
collected from type I diabetic 
patients and patients of focal 
segmental glomerulosclerosis 
[26, 27]. In this study, we 
explored the possible associa-
tion between miRNA expres-
sion and the pathogenesis of 
ICP by comparing the exp- 
ression of cholestasis-related 
miRNAs between ICP patients 
and healthy pregnant women. 
The results showed that the 
expression of miR-21 (Figure 
2A), miR-29a (Figure 2B), miR-
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Luo et al. showed that miRNAs can be released 
into blood circulation via exosomes, indicating 

that the miRNAs derived from trophoblasts can 
be used as diagnostic markers for pregnancy. 
In fact, as a source readily available for non-
invasive diagnostic markers, urine has been 
used in the diagnosis of many diseases [5, 28]. 
In terms of the value of urine in miRNA-based 
diagnosis, it was shown that, as compared with 
their expression in urine samples collected 
from healthy pregnant women, the expression 
of hsa-miR-300 and hsa-miR-151-3p is signifi-
cantly decreased in the urine samples of ICP 
patients, whereas the expression of hsa-miR-
369-5p and hsa-miR-671-3p is significantly 
increased [6]. A past study has also shown that 
the expression of miR-29c in urinary exosomes 
can be utilized to predict the onset of lupus 
nephritis and fibrosis [29]. Chen et al. also indi-
cated that, by inhibiting the expression of inosi-
tol polyphosphate 4-phosphatase type II, miR-
590-3p induced the invasion and proliferation 
of prostate cancer cells [30]. Pang et al. showed 
that, by suppressing the expression of ZEB2 
and ZEB1, miR-590-3p inhibited the epithelial-
mesenchymal transition (EMT), migration, and 
invasion of glioblastoma cells [31]. In addition, 
it was demonstrated that, by binding to the 
3’UTR of ICAM-1, miR-590-3p could inhibit the 
expression of ICAM-1 [13].

The deletion of miR-21 in a mouse model of 
acute pancreatitis was shown to reduce the 
level of necroptosis in mice [32]. Interestingly, 
the expression of miR-21 is up-regulated in 
patients suffering from cholestatic liver injury, 
non-alcoholic steatohepatitis, hepatocellular 
carcinoma and cholaIgiocarcinoma [33-36]. In 
addition, the expression of miR-21 is elevated 
in many liver diseases [37]. Because miR-21 
can regulate the activation of hepatic stellate 
and the progression of liver fibrosis in a mouse 
model of bile duct-ligation (BDL), miR-21 may 
also act as a novel target to suppress fibrosis 
and necroptosis-induced liver injury. Some 
studies have investigated the mechanisms 
underlying the role of miR-21 in the develop-
ment of cholestasis, in which necroptosis acts 
as a key factor in disease progression [36, 38]. 
Interestingly, in patients with late stage chronic 
cholestasis, the concentration of deoxycholic 
acid (DCA) in their liver is significantly decreased 
compared with that in normal liver tissues [39]. 
Since DCA was shown to inhibit the expression 
of miR-21 in primary hepatocytes, the reduced 
DCA concentration in these patients would 
increase miR-21 expression and lead to an 
imbalance between cell apoptosis and prolifer-

Figure 4. ICAM1 mRNA was identified as a target 
gene of miR-21, miR-29a and miR-590-3p via com-
putational analysis and luciferase assays (*P value 
< 0.05, vs. NC group). A. Computational analysis of 
miR-21 and ICAM1 mRNA; B. Luciferase activity of 
cells co-transfected with miR-21 and wild-type/mu-
tant ICAM1 mRNA; C. Computational analysis of miR-
590-3p and ICAM1 mRNA; D. Luciferase activity of 
cells co-transfected with miR-590-3p and wild-type/
mutant ICAM1 mRNA; E. Computational analysis of 
miR-29a and ICAM1 mRNA; F. Luciferase activity of 
cells co-transfected with miR-29a and wild-type/mu-
tant ICAM1 mRNA.



Exosomal miRNAs in urine act as biomarkers for ICP

6257	 Am J Transl Res 2019;11(9):6249-6261

ation, thus impairing fibrogenesis and metabol-
ic homeostasis [34, 35, 40]. It was also shown 
that the suppression of miR-21 expression 
could alleviate necroptosis and liver damages 
in BDL mice. Furthermore, the inhibition of miR-
21 expression could potentially be used to treat 
cholestasis [41].

Growing evidence suggested that the reduced 
expression of miR-29 is implicated in the onset 
of liver cirrhosis and fibrosis in animal models 
[42]. Furthermore, activated HSCs were shown 
to demonstrate a high level of fibrogenic reac-
tions because of reduced miR-29 expression 
[43]. Moreover, the over-expression of miR-29 
was shown to reduce the accumulation of 
fibrotic matrix and collagen in HSCs [43]. The 
over-expression of miR-29a was also shown to 
reduce the level of hepatocellular apoptosis 
and suppress the activation of HSCs upon liver 
injury [44]. In addition, miR-29a reduces the 

mouse model of cholestasis apparently sup-
pressed the expression of collagen-4α1 and 
collagen-1α1 proteins [45].

In this study, we identified ICAM1 mRNA as a 
target of miR-21, miR-29a and miR-530-3p via 
the computational analysis. In addition, cells 
co-transfected with wild-type ICAM1 and miR-
21/miR-29a/miR-530-3p all showed reduced 
luciferase activity. Therefore, a negative regu- 
latory relationship was established between 
ICAM1 and miR-21/miR-29a/miR-530-3p. IC- 
AM-1 encodes a 90 kDa glycoprotein express- 
ed on cell membrane. The ICAM-1 protein has 
been implicated in the adhesion of leucocytes 
onto the endothelium [8]. Furthermore, the 
expression of ICAM-1 protein and mRNA was 
increased in hyperglycaemia [9]. Since angio-
genesis and blood vessel regeneration are 
closely correlated to the growth and apoptosis 
of epithelial cells, the low blood vessel density 

Figure 5. A negative correlation was observed between ICAM1 mRNA and miR-21/miR-29a/miR-590-3p (*P value < 
0.05, vs. control group). A. Expression levels of miR-590-3p in ICP and control groups; B. Expression levels of miR-21 
in ICP and control groups; C. Expression levels of miR-29a in ICP and control groups; D. Expression levels of ICAM1 
mRNA in ICP and control groups.

Figure 6. IHC assays on the expression of ICAM1 in ICP and control groups.

expression of histone deacet-
ylase 4 and TGF-1, thus allevi-
ating BDL-induced cholestatic 
liver fibrosis [44]. It was also 
shown that the over-expres-
sion of miR-29a could signifi-
cantly reduce the levels of 
pro-apoptotic proteins while 
increasing the levels of phos-
pho-AKT proteins, thus lead-
ing to reduced apoptosis and 
recovery of liver injury in cho-
lestasis [14]. Finally, the over-
expression of miR-29a in a 
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and smaller blood vessel size observed in ICP 
indicate the dysregulation of placental vascular 
formation and a reduced level of vascular mat-
uration [46, 47]. Moreover, it was found that 
the presence of bile acid can reduce the expres-
sion of ICAM-1, a factor implicated in the patho-
genesis of ICP [13]. In this study, the effects of 
miR-21 mimics, miR-29a mimics, miR-530-3p 
mimics and ICAM1 siRNA, respectively, on the 
mRNA and protein expression of ICAM1 were 
measured. When cells were treated with miR-

21/miR-29a/miR-530-3p and ICAM1 siRNA, 
the levels of ICAM1 mRNA and protein were sig-
nificantly decreased. Therefore, miR-21, miR-
29a and miR-530-3p were confirmed to down-
regulate the expression of ICAM1.

Conclusion

Taken together, we showed that exosome-
derived miR-21, miR-29a and miR-590-3p can 
be used as potential biomarkers for the diagno-

Figure 7. The negative regulatory relationship between ICAM1 and miR-21/miR-29a/miR-590-3p was validated by 
transfecting HUVEC cells with miR-590-3p mimics, miR-21 mimics, miR-29a mimics and ICAM1 siRNA, respectively 
(*P value < 0.05, vs. NC group). A. Expression of ICAM1 mRNA and protein in HUVEC cells transfected with miR-29a 
mimics; B. Expression of ICAM1 mRNA and protein in HUVEC cells transfected with miR-21 mimics; C. Expression of 
ICAM1 mRNA and protein in HUVEC cells transfected with miR-590-3p mimics; D. Expression of ICAM1 mRNA and 
protein in HUVEC cells transfected with ICAM1 siRNA.

Figure 8. The negative regulatory relationship between ICAM1 and miR-21/miR-29a/miR-590-3p was validated by 
transfecting Hs 815.Pl cells with miR-590-3p mimics, miR-21 mimics, miR-29a mimics and ICAM1 siRNA, respec-
tively (*P value < 0.05, vs. NC group). A. Expression of ICAM1 mRNA and protein in Hs 815.Pl cells transfected with 
miR-29a mimics; B. Expression of ICAM1 mRNA and protein in Hs 815.Pl cells transfected with miR-21 mimics; C. 
Expression of ICAM1 mRNA and protein in Hs 815.Pl cells transfected with miR-590-3p mimics; D. Expression of 
ICAM1 mRNA and protein in Hs 815.Pl cells transfected with ICAM1 siRNA.
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sis of ICP. In addition, the urinary exosomes col-
lected from ICP patients showed significantly 
up-regulated expression of miR-21, miR-29a 
and miR-590-3p compared with the urinary 
exosomes collected from healthy controls. 
Furthermore, miR-21, miR-29a and miR-590-
3p could directly target and inhibit the expres-
sion of ICAM1, an important factor implicated 
in the development of ICP.
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