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Abstract
To explore the relevance of OPN signalling pathway to the occurrence and development of nonalcoholic fatty liver disease
(NAFLD), liver cirrhosis (LC), hepatic cancer (HC) and acute hepatic failure (AHF) at transcriptional level, Rat Genome 230
2.0 Array was used to detect expression proﬁles of OPN signalling pathway-related genes in four kinds of liver diseases. The
results showed that 23, 33, 59 and 74 genes were signiﬁcantly changed in the above four kinds of liver diseases, respectively.
H-clustering analysis showed that the expression proﬁles of OPN signalling-related genes were notably different in four
kinds of liver diseases. Subsequently, a total of above-mentioned 147 genes were categorized into four clusters by k-means
according to the similarity of gene expression, and expression analysis systematic explorer (EASE) functional enrichment
analysis revealed that OPN signalling pathway-related genes were involved in cell adhesion and migration, cell proliferation,
apoptosis, stress and inﬂammatory reaction, etc. Finally, ingenuity pathway analysis (IPA) software was used to predict the
functions of OPN signalling-related genes, and the results indicated that the activities of ROS production, cell adhesion and
migration, cell proliferation were remarkably increased, while that of apoptosis, stress and inﬂammatory reaction were reduced
in four kinds of liver diseases. In summary, the above physiological activities changed more obviously in LC, HC and AHF
than in NAFLD.
[Wang G., Chen S., Zhao C., Li X., Zhao W., Yang J., Chang C. and Xu C. 2016 Comparative analysis of gene expression proﬁles of OPN
signalling pathway in four kinds of liver diseases. J. Genet. 95, 741–750]

Introduction
Liver is the largest digestive gland in human, and has a number of complex functions. These days, liver diseases are considered as a big threat to human health. Nonalcoholic fatty
liver disease (NAFLD) is a common disorder characterized
by excessive hepatic fat accumulation, and potentially resulting in nonalcoholic steatohepatitis (NASH), liver cirrhosis
(LC) and end-stage liver disease (Ganji et al. 2015). LC is
pathologically characterized by abnormality and necrosis of
hepatic cells, proliferation of ﬁbrous tissue, nodular regeneration and pseudolobule formation. Hepatic cancer (HC), one
of the common malignancies in the world, is characterized
by malignant cell proliferation and growth, and hepatocarcinogenesis covers the stages of nonspeciﬁc liver injury, liver
ﬁbrosis, liver cirrhosis, dysplasia nodules and ﬁnally liver
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carcinoma (Liu et al. 2009). Acute hepatic failure (AHF) usually occurs due to the rapid necrosis of liver cells or serious
liver injury induced by various pathogenic factors.
Osteopontin (OPN), also known as secreted phosphoprotein 1 (SPP1) and early T cell activating factor 1 (Eta-1), is
a secreted phosphorylated glycoprotein with negative charge
and has various subtypes. As a Th1 cytokine, OPN has been
found to be expressed in various liver diseases, and is closely
associated with the development and prognosis of fatty liver,
liver ﬁbrosis and liver cancer. Compared with the normal
group, the mRNA level of OPN was signiﬁcantly increased
in NAFLD patients (Lima-Cabello et al. 2011). Wang et al.
(2014) found that OPN promoted the production of collagen and cytokines by activating hepatic stellate cells (HSCs),
and ultimately led to liver ﬁbrosis. The study of Qin (2014)
revealed that OPN played an important role in the growth
and metastasis of hepatocellular carcinoma (HCC), and could
be used as a potential therapeutic target for preventing metastasis. In addition, Srungaram et al. (2015) demonstrated that

Keywords. osteopontin signalling pathway; nonalcoholic fatty liver disease; liver cirrhosis; hepatic cancer; acute hepatic failure.
Journal of Genetics, DOI 10.1007/s12041-016-0673-7, Vol. 95, No. 3, September 2016

741

Gaiping Wang et al.
plasma OPN levels were higher in patients with AHF than
that in patients with acute or chronic inﬂammatory diseases.
Therefore, as a multifunctional protein, OPN was involved in
multiple liver diseases by promoting inﬂammatory reaction,
cell activation, proliferation and migration.
In general, OPN could perform its functions through
PI3K/AKT, MAPK and NF-κB signalling pathways upon
binding to a number of integrin receptors (Sodek et al. 2000;
Denhardt et al. 2001; Chakraborty et al. 2006; Urtasun et al.
2012), or through PI3K/AKT (Chakraborty et al. 2006; Wang
and Denhardt 2008) and JAK/STAT (Behera et al. 2010) signalling pathways when interacting with CD44. Moreover, a
recent research indicated that OPN was induced by activation of Hedgehog pathway, and could promote ﬁbrogenic
responses in NASH (Nagoshi 2014). The study performed
by Urtasun et al. (2012) proved that the OPN induction
of collagen-I occurred through integrin αvβ3 engagement
and activation of the PI3K-pAkt-NFκB signalling pathway.
Phillips et al. (2012) found that OPN promoted the proliferation of HCC through interacting with its receptor CD44.
It is well known that OPN is transcriptionally regulated by
oncogenic targeting oestrogen-related receptor α (ESRRA).
Tiwari et al. (2014) found that microRNA-125 could inhibit
the expression of OPN, and then reduce proliferation and
invasion of oral squamous cell carcinoma cells by targeting
ESRRA. It has been well documented that OPN protected
cells against apoptosis by activating PI3K/AKT pathway in
BA/F3 murine pro-B-cell lines (Lin and Yang-Yen 2001).
In addition, one of our previous studies built OPN signalling pathway network (Wang et al. 2015), which depicted
the main possible downstream signal pathways activated by
OPN. Therefore, to further comprehensively and systematically understand the role of OPN signalling pathway in liver
diseases, this study established the models of NAFLD, LC,
HC and AHF, and used Rat Genome 230 2.0 Array to detect
expression proﬁles of OPN signalling pathway-related genes
at transcriptional level, then the role of OPN in the occurrence and development of the above four liver diseases were
analysed by bioinformatics and systems biology methods
including ingenuity pathway analysis (IPA) software, which
will be helpful to explore the molecular mechanism of OPN
in various liver diseases.

Materials and methods
Preparation of rat models of liver diseases
NAFLD model: Adult healthy male SD rats, each weighing
210 ± 20 g, supplied by the Experimental Animal Center
of Henan Normal University, were housed in a controlled
room temperature (22 ± 1◦ ) with a 12 : 12 h light : dark
cycle (light period 6:00 –18:00). Rats were randomly divided
into normal control group (NC group, 10 rats) and a high-fat
emulsion model group (HF group, 30 rats). The model rats
were orally treated with the high-fat emulsion (10 mL/kg) by
gavage once a day for 6 weeks (Xu et al. 2011a). Rats were
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sacriﬁced at 2, 4 and 6 weeks after high-fat emulsion feeding
respectively, and their livers were taken out for assessment.
LC model: Rats were randomly divided into model group

(LC) with 18 rats and control group with six rats. Rats in
LC were fed with normal food and 0.35 g/L phenobarbital
sodium solution in the ﬁrst week. A dose of 0.5 mL/100 g
of carbon tetrachloride (CCl4 ) diluted 2 : 3 with colza oil
was injected into their abdominal cavity twice a week for 2–
4 weeks, and drinking water was offered with 10% ethanol.
Drinking water was exchanged with 30% alcohol from 5–8
weeks. Their livers were taken out and used at 3, 6 and 9
weeks of CCl4 administration, respectively.
HC model: A total of 60 male rats were randomly divided

into six groups, including model group with 50 rats and control group with 10 rats. Rats in the model group underwent
intragastric administration of diethylnitrosamine (DENA,
7 mg/100 g) according to the method as described in one of
our studies (Xu et al. 2011b). Rats were sacriﬁced, and their
livers were taken out for examination at the end of 0, 5, 8,
12, 16 and 18 weeks after DENA-treatment, respectively.
AHF model: A total of 36 male rats were randomly divided

into model group with 24 rats and control group with 12 rats.
CCl4 was diluted 2 : 3 in sesame oil under the sterile conditions. The rats were fed with a single dose of 4 mL/kg
diluted CCl4 (Lai et al. 2005). The rat livers were taken for
examination at 3, 6, 12, 24, 48 and 72 h after CCl4 treatment.
Rats were anesthetized by ether and sacriﬁced by cervical
dislocation at the above-mentioned time points in each model
of liver diseases, and four small cuboids around 5 mm ×
5 mm × (2–3) mm were cut out for histopathology from the
middle part of the right liver lobe. The remaining liver tissues
from the middle part of the right liver lobe were collected in
RNase-free tubes and stored at −80◦ C until use. All operations and handling procedures were carried out in accordance
with the current Animal Protection Law of China.

Histopathological detection of liver tissues in NAFLD, LC, HC
and AHF

Small cuboids of around 5 mm × 5 mm × (2–3) mm from the
right lobe of the liver were ﬁxed with 10% neutral-buffered
formalin for 24 h and washed for 24 h. Then, they were routinely dehydrated with a graded series of ethanol, cleared in
xylene, embedded in parafﬁn, sectioned at 5 μm thickness.
Subsequently, the slices were stained with haematoxylin for
3 min, immersed in ammonia water (pH 8.0) for 30 s, and
counterstained with 0.5% eosin for 5 min. Finally, they were
dehydrated by gradient ethanol, cleared in xylene and sealed
with neutral gum. Histopathologic examinations of the liver
sections were conducted and peer-reviewed.
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Rat Genome 230 2.0 microarray detection and data analysis

Transcription proﬁles of liver tissues from above-mentioned
four models of liver diseases were determined by Rat
Genome 230 2.0 chips as previously described, including
cDNA synthesis, in vitro transcription, cRNA hybridization,
microarray wash, image scanning and data analysis (Guo and
Xu 2008). Finally, the ratio value of gene expression abundance was obtained by using the normalized signal values
in experimental groups to divide that in control. When the
relative value is ≥2-fold control group, we considered the
gene as signiﬁcantly upregulated expression, ≤0.5-fold, considered as signiﬁcantly downregulated expression, between
0.5 and 2, considered as no biologically meaningful expression. To reduce the analytical error of microarray, this study
detected each sample at least thrice, and regarded the average
value of three relative values as a credible value. The coefﬁcients of variation (CV) for three technical repeats of each
gene were below 6%.
Real-time quantitative RT-PCR

To verify the chip data, a total of nine target genes were
selected. Primer sequences were designed by Primer Express
2.0 software according to mRNA sequences of nine target genes Tgfb1, Lcn2, Hsbp1, Myc, Ccnd1, Trim24, Ggt1,
Spink3 and Spp1 and internal control Actb gene, and synthesized by Shanghai Generay Biotech Ltd (table 1). Prior to
RT, contaminating genomic DNA in total RNA was removed
by Dnase I (Promega, Madison, USA). Total RNA (2 μg)
was reverse-transcribed using random primers and Reverse
Transcription kit (Promega, Madison, USA). First-strand
cDNA samples were subjected to quantitative PCR by using
SYBR Green I on Rotor-Gene 3000A (Corbett Robotics,

Brisbane, Australia), and each sample was analysed in
triplicate. As described previously, the relative expression
changes of target genes were computed according to that of
internal control Actb (Wang and Xu 2010a).
Expression proﬁling of OPN signalling pathway in four kinds of
liver diseases

To comprehensively characterize and compare the expression patterns of OPN-signalling pathway-related genes in
NAFLD, LC, HC and AHF, hierarchical clustering (h-clustering) analysis was used to examine the expression proﬁles
of the above-mentioned genes, and then k-means clustering
was employed to classify the above genes. Then, expression
analysis systematic explorer (EASE) analyses were conducted to identify gene ontology (GO) categories in each cluster
that were overrepresented according to EASE score (a modiﬁed Fisher’s exact test) (Hosack et al. 2003; Otu et al. 2007).
The EASE score is a signiﬁcance level with smaller EASE
scores indicating increasing conﬁdence in overrepresentation, and the GO with EASE scores of <0.05 represented
classes of genes in which individual members occurred more
often than would be expected by a random distribution of
genes.
Function prediction of OPN signalling pathway in four kinds of
liver diseases

To elucidate the function of OPN signalling pathway in four
kinds of liver diseases, the OPN signalling pathway-related
genes were summarized. Then, ingenuity pathway analysis
(IPA) ver. 9.0 software was utilized to analyse the heatmap
of biofunctions based on the expression changes of OPN

Table 1. Primer sequences used in real-time quantitative RT-PCR.
Gene

Accession number

Primer sequences

Tgfb1

NM_021578

Lcn2

NM_130741

Hsbp1

NM_173119

Myc

NM_012603

Ccnd1

NM_171992

Trim24

NM_001044266

Ggt1

NM_053840

Spink3

NM_012674

Spp1

NM_012881

Actb

NM_031144

F: 5 -CTTCAGCTCCACAGAGAAGAACTGC-3
R: 5 -CACGATCATGTTGGACAACTGCTCC-3
F: 5 -CACCCTGTACGGAAGAACC-3
R: 5 -CACATCCCAGTCAGCCAC-3
F: 5 -ACCTTGGTGGTGGAGACG-3
R: 5 -TGGGCAGTAGGAATCTTGTT-3
F: 5 -GAGGAGAAACGAGCTGAAGCG-3
R: 5 -TGAACGGACAGGATGTAGGC-3
F: 5 -CCTGACTGCCGAGAAGTTGTGC-3
R: 5 -TGGAGGGTGGGTTGGAAATGAA-3
F: 5 -CAGTGGGAGGGTCTTACAATC-3
R: 5 -CTGGCCAGGGTCTACACTTG-3
F: 5 -TCTTCCAACCCAGCATCCAA-3
R: 5 -CACAAAGCAGGTGTCTTCTCAA-3
F: 5 -CACCCTGCACAGTTCGTC-3
R: 5 -AGGGCAATTAGGCGTTTT-3
F: 5 -TGATGACGACGACGATGACGATGG-3
R: 5 -ACGCTGGGCAACTGGGATGACCTT-3
F: 5 -CATCCGTAAAGACCTCTATGCCAACA-3
R: 5 -GTGCTAGGAGCCAGGGCAGTAATCT-3

Ampliﬁed products (bp)
298
164
185
126
251
107
109
143
325
109

F, forward primer; R, reverse primer.
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signalling-related genes in each liver disease using comparison analysis. Brieﬂy, the differentially expressed genes and
their extreme expression values in four kinds of liver diseases were uploaded to the ‘Dataset Files’ of IPA. Then, core
analysis and comparison analyses proceeded successively.
Next, heatmaps of biofunctions were obtained in the model
of ‘Diseases and Functions’, and each heat map square can be
clicked to display the network and the possible crucial genes
in the network.

Results
Histopathological changes of liver tissues in NAFLD, LC, HC
and AHF

For normal liver of rat, the structure of hepatic lobes was
clear, and hepatocytes were orderly arranged in cords radiating from the central vein (ﬁgure 1a). Histopathological
changes of liver tissues in NAFLD and HC have been
described in our previous studies (Xu et al. 2011a, b), and
the images were displayed as ﬁgure 1, b–d for NAFLD and

ﬁgure 1, h–l for HC in this study. In LC model, the hydropic
degeneration of liver cells was enhanced, and hepatic necrosis was dotted in liver tissues after administration of CCl4 for
3 weeks (ﬁgure 1e). At 6 weeks of LC, hepatic steatosis was
increasingly severe, and a few ﬁbrous hyperplasia were
scattered (ﬁgure 1f). At 9 weeks of LC, inﬁltration of
inﬂammatory cells was further aggravated, and pseudolobules and regenerative nodules of liver were emerged
(ﬁgure 1g).
At 3 h of AHF, there was slight hydropic degeneration
of liver cells (ﬁgure 1m). At 6 h, inﬁltration of inﬂammatory cells arose and spotty necrosis was occurred in liver tissues (ﬁgure 1n). At 12 h, hepatic lobule was damaged, and
in which obvious steatosis could be observed (ﬁgure 1o). At
24 h, ballooning degeneration occurred in hepatocyte, and
hepatic sinuses were obviously hyperaemic (ﬁgure 1p). At
48 h, massive necrosis and bridging necrosis could be seen
in liver tissues, and the necrosis area was full of neutrophils
and neutrophilic granulocytes, indicating that hepatic lobule
was seriously damaged (ﬁgure 1q). At 72 h, hepatic lobule

Figure 1. Histopathological changes of liver tissues obtained from model of rats at (a) 0, (b) 2, (c) 4 and
(d) 6 weeks in NAFLD; (e) 3, (f) 6 and (g) 9 weeks in LC; (h) 5, (i) 8, (j) 12, (k) 16 and (l) 18 weeks in HC;
and (m) 3, (n) 6, (o) 12, (p) 24, (q) 48 and (r) 72 h in AHF (40×).
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injury was signiﬁcantly restored, and the nonnecrotic cells
arose without ‘bubble-like’ steatosis (ﬁgure 1r).
Validation of chip results by real time RT-PCR

To conﬁrm the result of the microarray analysis, real-time
quantitative RT-PCR assays were used to detect the expression changes of several genes including Tgfb1, Lcn2, Hsbp1
in NAFLD at 2, 4 and 6 weeks; Myc, Lcn2 and Ccnd1 in LC
at 3, 6 and 9 weeks; Trim24, Ggt1, Spink3 and Spp1 in HC at
5, 8, 12, 16 and 18 weeks; and Spp1, Lcn2, Ccnd1 and Myc
in AHF at 2, 6, 12, 24, 48 and 72 h. The results showed that
there were always signiﬁcant differences between the relative
degrees of upregulation measured by RT-PCR and microarray at majority of these time points (ﬁgure 2), which may
be caused by using of two different detection methods. However, the expression trends of genes detected by two methods
above were generally consistent, suggesting that the array
detection results were reliable.
Global comparison of expression proﬁles of OPN signalling
pathway-related genes in four liver diseases

Rat Genome 230 2.0 Array was used to detect genomewide
expression proﬁle of liver tissues from rat NAFLD, LC, HC
and AHF models, and the obtained microarray data have
been submitted to the Gene Expression Omnibus database
with the accession number of GSE73500, GSE73499,
GSE73498 and GSE73494, respectively.
In each of liver disease model, OPN signalling pathwayrelated genes were selected for further analysis, and a total

of 147 genes were summarized with their expression levels
in four kinds of liver diseases (table 1 in electronic supplementary material at http://www.ias.ac.in/jgenet/). Among the
OPN signalling pathway-related genes, 23 were found to be
signiﬁcantly changed, including 17 upregulated, ﬁve downregulated and one upregulated/downregulated genes in 0, 2,
4 and 6 weeks of NAFLD model. In LC, the expressions
of a total of 34 genes, composed of 24 upregulated and 10
downregulated genes were signiﬁcantly changed in 3, 6 and
9 weeks. In HC, it was found that there are 59 known genes,
including 51 upregulated and 8 downregulated were significantly changed in 5, 8, 12, 16 and 18 weeks. A total of 74
signiﬁcantly changed genes were found in AHF, including 57
upregulated and 17 downregulated at 3, 6 12, 24, 48 and 72 h.
The distribution of genes associated with NAFLD, LC, HC
and AHF were shown in ﬁgure 3, and 13 genes were included
in all the above four kinds of liver diseases.
To comprehensively characterize and compare the expression patterns of OPN signalling pathway-related genes in
four kinds of liver diseases, all samples from NAFLD, LC,
HC and AHF were analysed by h-clustering, and the results
were shown in ﬁgure 4. Based on the expression similarity
presented by the dendrogram, 2, 4 and 6 weeks of NAFLD
and 24, 48 and 72 h of AHF were clustered as two separate groups in major branches in ﬁgure 4. Moreover, 3 and
9 weeks of LC and 5, 8, 12, 16 and 18 weeks of HC were
clustered together, whereas 6 weeks of LC were not clustered
with 3 and 9 weeks of LC, but with 3, 6 and 12 h of AHF.
The above results indicated the expression proﬁle of OPNrelated genes in NAFLD was distinctly different from that of

Figure 2. Veriﬁcation of gene expression in four kinds of liver diseases by real-time RT-PCR. Light grey colour represents mRNA levels
detected by Rat Genome 230 2.0 Array and dark grey colour represents RT-PCR. Time points of NAFLD are represented by 2 w, 4 w and
6 w; time points of LC are represented by 3 w, 6 w and 9 w; time points of HC are represented by 5 w, 8 w, 12 w, 16 w and 18 w; and 3 h,
6 h, 12 h, 24 h, 48 h, and 72 h denote that of AHF. Y-axis represents relative mRNA abundance of gene. The mean values are represented
in the bar graph, and the bars represent standard errors (n = 3). *P < 0.05, **P < 0.01 versus the results from gene chips.
Journal of Genetics, Vol. 95, No. 3, September 2016
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Figure 3. Venn diagram shows the signiﬁcantly expressed genes
during NAFLD, LC, HC and AHF occurrence and development.
Blue, yellow, green and red colours denote NAFLD, LC, HC and
AHF, respectively.

LC, HC and AHF, and that of LC was more correlated with
that of HC and AHF. Moreover, k-means was further used
to categorize the above genes into four clusters (ﬁgure 5a).
Of them, cluster 1 contained 23 genes, with peaking at 24 h
in AHF and slight upregulation at 16 weeks in HC. Fortythree genes in cluster 2 were downregulated during NAFLD,
LC and AHF occurrences, while upregulated in HC. Cluster 3 included 35 genes, which were remarkably downregulated in AHF, but not signiﬁcantly changed in other three
kinds of liver diseases. Cluster 4 contained 46 genes which
were upregulated in LC and HC, but showed no signiﬁcant
changes in NAFLD (ﬁgure 5b). Obviously, the genes associated with OPN signalling pathway presented various expression patterns and were extremely associated with AHF but
exhibited little changes in NAFLD.
Functional prediction and comparison of OPN signalling
pathway-related genes in four liver diseases

In this study, we performed EASE analysis on the gene
sets of clusters 1–4 in ﬁgure 5, and the overrepresented GO

Figure 4. A dendrogram was produced from complete array
expression values of NAFLD (2 w, 4 w and 6 w), LC (LC3 w, LC6
w and LC9 w), HC (5 w, 8 w, 12 w, 16 w and 18 w) and AHF (3 h,
6 h, 12 h, 24 h, 48 h and 72 h).

746

categories were selected from each cluster according to
EASE scores. For each category, the number of genes found
in the category precedes the modiﬁed EASE score (P value).
The results showed that the genes related to cytoskeletalassociated processes such as cell adhesion, migration etc.
were involved in four clusters, apoptosis and regulation of
apoptosis-related genes in C1, C2 and C4, cell proliferationrelated genes in C3 and C4, and the genes associated with
stress/defense response and inﬂammation were mainly distributed in C2 (table 2). Obviously, OPN signalling pathwayrelated genes were mainly associated with cell adhesion, migration, proliferation and apoptosis, stress and inﬂammatory
response, and consequently with several downstream signalling pathways including MAPK, NF-κB, JAK-STAT etc.
Further, to clarify the changes of physiological processes,
the expression changes of OPN signalling pathway-related
genes in four kinds of liver diseases were collected, and their
expression extremes were uploaded into IPA, then core analysis and comparison analyses were performed successively.
The heatmap of biofunctions in ﬁgure 6 indicated that various physiological processes were signiﬁcantly changed in
LC, HC and AHF, while they exhibited few changes or even
no change in NAFLD. Among them, cell migration, chemotaxis, invasion and cell spreading were enhanced in four liver
diseases, especially in HC and AHF. Cell proliferation and
the relevant DNA synthesis were both upregulated. However,
G1 /S phase transition was remarkably induced except in HC.
Moreover, necrosis, cell death and apoptosis were inhibited
in LC, HC and AHF. Inﬂammation response was downregulated, while production of ROS was promoted in four kinds
of liver diseases, especially in NAFLD. Correspondingly, the
activities of binding of NF-κB and expression of RNA were
obviously strengthened in several kinds of liver diseases.

Discussion
In this study, Rat Genome 230 2.0 Array was used to detect
the expression proﬁles of OPN signalling pathway-related
genes in four kinds of liver diseases including NAFLD,
LC, HC and AHF, and the results revealed that a total of
147 genes were signiﬁcantly changed at mRNA level. Then,
the expression proﬁles of OPN signalling pathway-related
genes were analysed by h-clustering and k-means clustering, and the result of dendrogram surprisingly indicated that
6 weeks of LC were not clustered with 3 and 9 weeks of
LC, but with 3, 6 and 12 h of AHF. Histopathological analysis showed that degeneration of hepatocytes was severe, and
extracellular matrix accumulation arose at 6 weeks of LC
in this study. Correspondingly, OPN, signiﬁcantly expressed
in the necrotic area, could stimulate HSC proliferation in
liver ﬁbrosis (Lee et al. 2004; Huang et al. 2008). Moreover,
hydropic or fatty degeneration of hepatocytes and inﬁltration of inﬂammatory cells were obviously observed at 3, 6
and 12 h of AHF, and Tajiri et al. (2005) found that OPN
was strongly expressed in the proliferated bile ductules in
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acute fulminant hepatitis. The above results together indicated the similar roles of OPN signalling in inﬂammation
and cell proliferation at 6 weeks of LC and the early stage
of AHF.
OPN could activate downstream signalling molecules and
initiate intracellular signalling cascades upon binding with
integrin β3, and Sun et al. (2008) suggested that OPN may
play an important role in the metastasis and growth of liver
cancer through MAPK and NF-κB pathways. Our study
found that several OPN-initiated signalling pathways including MAPK, NF-κB and JAK-STAT were enriched in C2–4,
and exhibited mainly upregulated expression trend (ﬁgure 5;
table 2). Further, IPA analysis found that binding of NFκB and expression of RNA were extremely elevated in several kinds of liver diseases, indicating that OPN signalling
pathway is associated with enhanced transcriptional activity,

and may ultimately contribute to physiological activity
changes in the occurrence of liver diseases.
OPN has been found to promote cell growth and proliferation in various cancers, such as colon cancer (Wu et al. 2014).
In all cases of acute fulminant hepatitis, OPN was strongly
expressed in the proliferated bile ductules (Tajiri et al. 2005).
One of our previous studies demonstrated that OPN was
involved in the activation and proliferation of various hepatic cells (Wang and Xu 2010b). In this study, we found that
the genes closely related to cell proliferation were upregulated in C3 and C4. IPA analysis also showed that synthesis
of DNA, cell proliferation and cell survival were extremely
enhanced, and the downstream transcription factor Myc was
markedly upregulated in four kinds of liver diseases. Thus, it
is inferred that OPN may play an important role in cell proliferation of liver diseases, which is consistent with several

Figure 5. Global comparison of gene expression patterns in NAFLD, LC, HC and AHF. (a) K-means clustering of a total of 147 genes. Red and green colours denote the expression levels higher and lower than the
control, respectively. (b) Differences among four clusters during NAFLD, LC, HC and AHF occurrences and
developments.
Journal of Genetics, Vol. 95, No. 3, September 2016
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Table 2. Overrepresented functional categories in four clusters.

Table 2 (contd)

Enriched biological processes

Enriched biological processes

Cluster 1
Cell adhesion
Cell motion
Cell motility
Localization of cell
Cell migration
Regulation of cell death
Regulation of programmed cell death
Cluster 2
Cell adhesion
Cell projection organization
Cytoskeleton organization
Anti-apoptosis
Apoptotic mitochondrial changes
Defense response
Activation of immune response
Inﬂammatory response
Protein kinase cascade
MAPKKK cascade
Small GTPase-mediated signal
transduction
Immune response-activating signal
transduction
Antigen receptor-mediated signalling
pathway
Stress-activated protein kinase
signalling pathway
I-κB kinase/NF-κB cascade
Ras protein signal transduction
Response to endogenous stimulus
Response to hormone stimulus
Cellular response to stress
Response to inorganic substance
Response to extracellular stimulus
Response to wounding
Response to molecule of bacterial origin
Response to oxidative stress
Response to hydrogen peroxide
Response to reactive oxygen species
Response to nutrient
Response to drug
Cluster 3
Cell adhesion
Regulation of cell adhesion
Leukocyte adhesion
Neutrophil chemotaxis
Positive regulation of cell proliferation
Cell proliferation
Activated T cell proliferation
Intracellular signalling cascade
Protein kinase cascade
Small GTPase-mediated signal transduction
Integrin-mediated signalling pathway
Enzyme-linked receptor protein
signalling pathway
Ras protein signal transduction
Positive regulation of signal transduction
Positive regulation of cell communication
JAK-STAT cascade
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No. of genes

P

7
6
6
6
6
7
7

7.50E-05
4.80E-04
1.60E-04
1.60E-04
5.20E-05
6.50E-04
6.40E-04

7
7
6
5
3
7
5
5
13
7
7

3.40E-03
9.60E-04
3.40E-03
1.20E-03
3.90E-03
1.60E-03
1.90E-04
5.10E-03
2.40E-11
5.80E-06
8.20E-05

5

2.80E-05

4

1.90E-04

4

3.50E-04

4
4
15
13
9
8
8
8
7
7
6
6
6
6

2.80E-04
2.00E-03
1.20E-09
3.80E-08
6.20E-05
2.00E-05
4.40E-05
3.60E-04
3.10E-06
2.40E-05
3.90E-06
1.10E-05
4.90E-04
3.80E-03

9
6
4
3
7
6
3
18
10
9
7
7

1.60E-05
1.20E-05
2.60E-05
1.60E-03
3.90E-04
4.20E-04
9.50E-05
8.70E-12
1.40E-08
7.70E-08
8.40E-10
6.60E-05

6
6
6
4

1.50E-06
7.20E-04
1.20E-03
3.80E-05

Cluster 4
Cell projection organization
Cell motion
Cell migration
Cell adhesion
Cell cycle
Cell proliferation
Regulation of cell adhesion
Regulation of cell migration
Regulation of cell motion
Regulation of apoptosis
Regulation of programmed cell death
Regulation of cell death
Positive regulation of programmed cell
death
Positive regulation of cell death
Intracellular signalling cascade
Phosphorylation
Protein kinase cascade
Enzyme-linked receptor protein
signalling pathway

No. of genes

P

9
9
8
8
7
6
5
5
5
10
10
10
7

1.10E-05
2.90E-05
1.10E-05
4.40E-04
2.50E-03
9.70E-04
4.70E-04
1.60E-03
2.40E-03
1.50E-04
1.70E-04
1.80E-04
4.60E-04

7
18
12
10
7

4.90E-04
3.40E-10
5.90E-06
7.90E-08
1.90E-04

P value represents EASE score (a modiﬁed Fisher’s exact test).

above-mentioned studies. However, G1 /S phase transition
which is essential for cell proliferation was not signiﬁcantly
increased in HC, implying that OPN signalling pathway
may have little effect on the G1 /S phase transition in HC.
Therefore, the real reason and mechanism need to be further
studied.
Wu et al. (2012) found that OPN siRNA could reverse the
antiapoptotic activity of HCC cell line. The study by Zhao
et al. (2008) suggested that OPN siRNA led to downregulation of integrins and Bcl-2, and increased expression of Bax,
inhibited NF-κB activity, and then promoted apoptosis mediated by mitochondria in HCC cell line. However, this study
found that the effect of OPN on apoptosis was rather complicated and intricate. In the occurrence of HC, the expressions of Spp1 and several integrin genes Itga11, Itga3, Itgad,
Itgav and Itgb6 were upregulated, and the activity of NF-κB
was enhanced, while the expression of Bcl-2 and Bax had no
change which resulted in no deﬁnite decision on the activity of apoptosis in HC. On the other hand, the expression of
Bcl-2 was downregulated in NAFLD and AHF, indicating that
OPN may participate in promoting apoptosis, and this result
was not contrary to the signiﬁcantly enhanced apoptosis in
early and late stages of LC induced by dimethylnitrosamine
(Jiang et al. 2015) and at 4 and 8 h of AHF (Chen et al.
2015). Yet, IPA analysis showed that necrosis, cell death and
apoptosis were inhibited in four kinds of liver diseases, and
the genes related to apoptosis were distributed in C1, C2 and
C4, with diverse expression patterns. Therefore, the intrinsic
effect of OPN on apoptosis is worthy of further study in four
kinds of liver diseases in future.
Recent researches conducted by Kiefer et al. (2010)
found that neutralization of OPN inhibited inﬂammation in
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of ROS was upregulated, but the inﬂammatory response was
not enhanced, which deserves further studied.
In summary, Rat Genome 230 2.0 Array was used to
examine the expression proﬁles of OPN signalling pathwayrelated genes in NAFLD, LC, HC and AHF; h-clustering and
k-means clustering were to analyse the expression proﬁles of
the above-mentioned genes, and EASE and IPA were both
utilized to predict the physiological activities indicated by
gene expression proﬁling. The results showed that the activities of various physiological processes including ROS production, cell adhesion and migration, cell proliferation etc.,
were signiﬁcantly enhanced, while that of apoptosis, necrosis, stress and inﬂammatory reaction were reduced. However,
the physiological activities were evidently changed in LC,
HC and AHF, while they had little change or even no change
in NAFLD. Further, it is more sufﬁcient for this study to validate the microarray results in human liver biopsy samples,
and we will try to study the expression of OPN signalling
pathway-related genes or proteins in four kinds of human
liver diseases by microarray or 2-DE/MS on a large scale.
In addition, the conclusions were drawn mainly based on the
microarray data, and there was no direct cause-effect relationship between gene proﬁling and the conclusion. Therefore, to demonstrate that these changes are truly dependent
upon OPN, experiments of OPN overexpression or knockdown are needed to further analyse the regulatory impact of
OPN signalling pathway on various liver diseases.
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