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Abstract

The purpose of this study was to explore potential biomarkers in the diagnosis of hepatocellular carcinoma (HCC) based on
RNA-seq. The microarray data GSE98269 were downloaded from the GEO database, including the miRNA, mRNA and
IncRNA expression profiles of 3 HCC tissues and 3 normal liver tissues from 3 HCC patients. The limma package was used
to identify the differentially expressed miRNAs (DEMs) and the differentially expressed IncRNAs in HCC tissues compared with
normal liver tissues. Database of DAVID, KEGG PATHWAY and Reactome were used to perform the functional and pathway
enrichment. Putative targets for DEMs, and the miRNA-gene pairs were predicted via the miRWalk V2.0 database. The protein-
protein pairs of DEGs were screened via String software. The expression features of the differentially expressed IncRNAs were
analyzed. The regulated network of DEGs and DEMs were constructed, and related genes and miRNAs were detected in the
HCC tissues and normal liver samples with Q-PCR. A total of 678 DEGs, 32 DEMs and 411 differential expressed IncRNAs
were identified. The DEGs were enriched in 196 GO terms and 79 pathways. 38 negative regulation miRNA-gene pairs and 1205
protein-protein interactions were screened out, and the regulated network was constructed based on them. KNGI, CDKI,
EHHADH, CYP3A4, hsa-miR-199a-5p and hsa-miR-455-3p might be biomarkers in the occurrence of HCC.
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Introduction year, 3% of the total) in America [3]. Most HCC develops in

patients with underlying chronic liver disease, and hence pro-

Hepatocellular carcinoma (HCC) is a highly aggressive solid
malignancy in the word with the high incidence and case
fatality rate, which is the most common primary liver cancer
in adults. HCC is the second global cause of cancer-related
deaths, and the high global incidence and late presentation of
HCC may be responsible for it [1, 2]. HCC affects men more
than women. The American Cancer Society estimated that the
mortality rate of HCC is fifth most in men (19,610 cases per
year, 6% of the total) and ninth in women (9, 310 cases per
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fessional societies recommend HCC screening in patients with
cirrhosis. Most of HCC is diagnosed at an advanced stage,
which has greatly limited the application, efficacy and prog-
nosis of curative treatment. Therefore, early diagnosis is a key
issue to be able to significantly reduce HCC-related mortality,
which is one of the most relevant issues that deserve further
efforts from scientific community [4]. The diagnosis of HCC
mainly depends on medical imaging, and important advance-
ments have been made in the last year. The evaluation of both
asymptomatic patients and those with symptoms of liver dis-
ease involves blood testing and imaging evaluation. Despite it,
there are several areas that still need further advancements in
the diagnosis. Tumor markers could be a useful tool to over-
come the theoretical limitations of imaging. The clinical mea-
surements of biomarkers can be carried out in vivo by using
imaging modalities like ultrasound (US), computed tomogra-
phy (CT), and magnetic resonance imaging (MRI), as well as
in vitro by utilizing serum or plasma or other body fluids as
specimens [5]. Kiyokawa et al. [6] reported that serum mono-
meric laminin-y2 and des-gamma-carboxy prothrombin
(DCP) were sensitive for laboratory diagnosis of HCC. Both
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miR-221 and miR-101-1 expression levels were thought to be
useful as noninvasive diagnostic biomarkers for early predic-
tion of HCC among HCV patients [7]. However, most tumor
markers have shown a low diagnostic accuracy, and some
panels for the early diagnosis need further external validation
of their efficacy [8—10]. In this study, we comprehensively
analyzed the mRNA, miRNA and long non-code RNA ex-
pression profiles in HCC tissues compared with normal liver
tissues, in order to explore more molecular biomarkers in the
diagnosis of HCC.

Materials and Methods

Microarray Data The Gene Expression Omnibus (GEO)
database (www.ncbi.nlm.nih.gov/geo/) is a National
Center for Biotechnology Information (NCBI) database
to help users query and download experiments and curat-
ed gene expression profiles. Here, the microarray data
GSE98269 was downloaded from the GEO database. In
this microarray data, the microRNA (miRNA), mRNA
and long non-coding RNA (IncRNA) profiles of 3 HCC
tissues and 3 normal liver tissues were contained from 3
HCC patients. Moreover, the miRNA data was detected
with the platform of Agilent-070156 Human miRNA, and
the mRNA and IncRNA data were tested with the Agilent-
074348 Human LncRNA v6 4X180K platform.

Data Processing and Differential Expressed Analysis
Background correction and standardization for the raw data
were carried out with the function package of preprocessCore
V1.32.0 (http://www.bioconductor.org/packages/3.2/bioc/
html/preprocessCore.html). The probe symbols were
converted into gene or miRNA or IncRNA symbols. If
multiple probes corresponded to one gene or miRNA or
IncRNA, the average expression values of them were
considered as the expression value of the gene or miRNA or
IncRNA. Afterwards, the differentially expressed genes
(DEGs), the differentially expressed miRNAs (DEMs) and
the differentially expressed IncRNAs were identified in HCC
tissues compared with normal liver tissues with limma V3.32.2
(http://www.bioconductor.org/packages/3.5/bioc/html/limma.
html). The threshold criteria of DEMs was |[log (fold-change)
|>1 and P <0.05, and it was |log (fold-change)| >2 and P <0.
05 for DEGs and the differentially expressed IncRNAs.

Functional and Pathways Enrichment Analyses of the DEGs
The functional and pathways analyses of DEGs were per-
formed via the Database for Annotation, Visualization and
Integrated Discovery (DAVID) V6.8 (http://david.abcc.
ncifcrf.gov/), Kyoto Encyclopedia of Genes and
Genomes (KEGG) PATHWAY (http://www.genome.jp/
kegg), and Reactome(http://www.reactome.org). The
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gene ontology (GO) terms and pathway terms were select-
ed out with P<0.05.

Targets Prediction for DEMs Potential targets of DEMs, and
the miRNA-gene pairs were predicted by >5 bioinformatics
algorithms among the 10 algorithms in the miRWalk V2.0
database (http://www.umm.uni-heidelberg.de/apps/zmf/
mirwalk/): miRWalk V2.0 (www.ma.uni-heidelberg.de/apps/
zmf/mirwalk/mirwalk), miRDB V4.0 (www.ma.uni-
heidelberg.de/apps/zmf/mirwalk/mirdb), miRanda -rel2010
(www.ma.uni-heidelberg.de/apps/zmf/mirwalk/miranada),
DIANAmMT V4.0 (www.ma.uni-heidelberg.de/apps/zmft/
mirwalk/diana-microt), PICTAR4 (www.ma.uni-heidelberg.
de/apps/zmf/mirwalk/pictar4), PICTARS (www.ma.uni-
heidelberg.de/apps/zmf/mirwalk/pictar5), PITA (www.ma.
uni-heidelberg.de/apps/zmf/mirwalk/pipa), RNAhybrid V2.1
(www.ma.uni-heidelberg.de/apps/zmf/mirwalk/rnahybrid),
RNA22 V2 (www.ma.uni-heidelberg.de/apps/zmf/mirwalk/
rna22) and Targetscan V6.2 (www.ma.uni-heidelberg.de/
apps/zmf/mirwalk/targetscan). The negatively regulated
miRNA-gene pairs were further screened out.

Construction of Regulated Network The protein-protein pairs
of DEGs were identified via String V10.5 (https:/string-db.
org/) with more than 700 scores. Ultimately, the regulated
network was established based on above negatively
regulated miRNA-gene pairs and the protein-protein pairs,
and visualized by Cytoscape V3.5.1 software (http:/www.
cytoscape.org/download.php).

Verification of Related Genes and miRNA The HCC tissues and
their normal liver tissues were collected from 3 HCC patients
accepted by our hospital, and all the patients were provided the
informed consent forms. The quantitative real-time PCR (Q-
PCR) was conducted to detect the mRNA expression levels of
KNGI, CDKI, EHHADH, CYP3A4, hsa-miR-199a-5p and
hsa-miR-455-3p with the ABI Am1005 AgPath-ID™ One-
Step RT-PCR Kit (Invitrogen, America) according to the man-
ufacturer’s instructions. The reaction conditions were 95 °C for
15 min and 40 cycles of denaturation at 95 °C for 20s, anneal-
ing at 57 °C for 20s and extension at 72 °C for 35 s. All the
primer sequences were showed in Table 1.

Statistical Analysis SPSS V17.0 (SPSS Inc., Chicago, IL) was
used for all statistical analyses, and data were expressed as the
mean + SD. Student’s t test was used to compare both two
groups, and P < 0.05 was considered statistically significant.

Results

DEGs, DEMs and Differential Expressed IncRNAs A total of
678 (203 up- and 475 down-regulated) DEGs, 32 (6 up-
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Table 1 The primer sequences of
KNGI, CDKI, EHHADH, Genes Primer Size
CYP3A4, hsa-miR-199a-5p and
hsa-miR-455-3p KNGI 5’-GGTTGGCTCTGACACGTTTT-3’ 840 bp
5’-TGGGTAGCCACGGAGAATTT-3’
CDK1 5'- ACCTACACTTACCCTTGGCC-3” 780 bp
5-TTTTAGGAGCTGGGACTGGG-3’
EHHADH 5’-GGGAGGGATAGCGTTAGGAG-3’ 1050 bp
5’-TGATGGACATGTGGGTTGGT-3
CYP3A4 5’-GGGAGGGATAGCGTTAGGAG-3’ 980 bp
5’-TGATGGACATGTGGGTTGGT-3
hsa-miR-199a-5p 5’-CCCAGTGTTCAGACTACCTGTTC-3’ 600 bp
5-TGAGTGTGTGTGTGAGTGTGT-3’
hsa-miR-455-3p 5’-GCAGTCCATGGGCATATACAC-3’ 550 bp
5'-TGAGTGTGTGTGTGAGTGTGT-3"
{3-actin 5’-ATTATTATTGGTAATGAGCGGTTTC-3’ 308 bp

5’-TTCATAATAAAATTAAATATAATTTCGTA-3’

and 26 down-regulated) DEMs and 411 (55 up- and 386
down-regulated) differential expressed IncRNAs were
identified in HCC tissues compared with normal liver tis-
sues. The top 20 most significant DEGs, DEMs and dif-
ferential expressed IncRNAs were showed in Tables 2, 3
and 4, respectively.

The Enriched Gene Ontology (GO) Terms and Pathways The
678 DEGs were enriched in 196 GO terms and 79 pathways.
Most GO terms were associated with organic acid metabo-
lism, small molecule metabolism and redox process, and the
top 10 most significant GO terms were exhibited in Table 5.
Most pathway terms were involved in metabolic pathway,
fatty acid degradation pathway and exogenous substance
pathway, and the top 10 most significant pathways were
showed in Table 6.

The Regulated Network After screening with miRwalk V2.0,
90 miRNA-gene pairs were selected, and among them, 38
pairs were negatively regulated. Furthermore, 1205 high

confidence protein-protein pairs of DEGs were obtained with
String V10.5. Lastly, the regulated network were constructed
based on the 1205 protein-protein pairs and the 38 negatively
regulated miRNA-gene pairs, and it was exhibited in Fig. 1.
The network mainly were divided into 4 gene clusters, which
KNGI, CDKI1, EHHADH and CYP3A4 (dark yellow) were
involved in more pairs in each cluster, and the 4 gene clusters
were named as KNGI gene cluster, CDKI gene cluster,
EHHADH gene cluster and CYP3A4 gene cluster, respective-
ly. Moreover, hsa-miR-199a-5p and hsa-miR-455-3p (light
yellow) were the only 2 DEMs in the network, which connect-
ed KNG/ gene cluster and CDK/ gene cluster. Moreover, Q-
PCR results showed in Table 7, and the above 4 genes and
2 miRNAs were significantly different in HCC group com-
pared with control group. Besides, CDK/ was high
expressed in HCC tissues, and other 3 genes and the above
miRNAs were low expressed.

The Differentially Expressed IncRNAs and the DEGs 39.9%
differentially expressed IncRNAs were located in

Table 2 The top 20 most

significant DEGs in HCC tissues Gene logFC p Gene logFC p

compared with normal liver

tissues SPINK1 10.33707917 0.019556938 FADS6 —2.7946896 0.042166509
ADCY10 —2.674445567 0.019556938 BCKDHB —2.934083733 0.042166509
LCAT —3.419683667 0.019556938 CPEB3 —3.074063617 0.042166509
CNDPI —6.5707004 0.019556938 GSTZ1 —3.459545217 0.042166509
ASPA —3.620665783 0.040210927 LRAT —3.529013383 0.042166509
B9D1 2.0349211 0.042166509 CNGALl —3.915575017 0.042166509
IGFALS —2.218246 0.042166509 C140rf180 —4.724349033 0.042166509
LIFR —2.365803367 0.042166509 MAPK12 2.4904995 0.04286853
BDH2 —2.371884167 0.042166509 KCNAB2 2.026920267 0.04286853
MPDZ —2.734688 0.042166509 BCO2 —2.119811667 0.04286853

DEGs, differentially expressed genes; HCC, hepatocellular carcinoma
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Table 3 The top 20 most

significant DEMs in HCC tissues Gene logFC p Gene logFC p

compared with normal liver

tissues hsa-miR-34b-5p 1.183489103 0.174452078  hsa-miR-30a-3p —1.071341838  0.409247261
hsa-miR-7114-5p  —1.184010703  0.174452078  hsa-miR-378a-5p  —1.075791095  0.409247261
hsa-miR-130a-3p  —1.50908556 0.174452078  hsa-miR-30a-5p —1.16401174 0.409247261
hsa-miR-5100 —1.369161432  0.212064788  hsa-miR-30e-3p —1.410867747  0.409247261
hsa-miR-378a-3p  —2.262145155  0.212064788  hsa-miR-424-5p —1.513592505  0.409247261
hsa-miR-378i —2.393404937  0.212064788  hsa-miR-455-3p —1.648488132  0.409247261
hsa-miR-224-5p 3.449135838 0246421435  hsa-miR-30e-5p —1.095039697  0.539249478
hsa-miR-34a-5p 1.712028157 0.253974053  hsa-miR-1260a —1.532881215  0.539249478
hsa-miR-144-3p —2.022964177  0.253974053  hsa-miR-21-5p 1.722869662 0.620679218
hsa-miR-378d —1.148090582  0.347153208  hsa-miR-122-3p  —3.979028223  0.665561342

DEMs, differentially expressed microRNA; HCC, hepatocellular carcinoma

intergenic regions, and about 50% of them were on chro-
mosome 1, and most of them were under 1000 bp. 70
pairs were identified between the differentially expressed
IncRNAs and the DEGs, including 62 pairs with same
expressed trend and 8 pairs with opposite expressed trend.

Discussion

In our study, KNG1, CDKI, EHHADH and CYP3A4 were
selected out after differential expression analysis and reg-
ulated network construction, and they were further veri-
fied to abnormally express in HCC tissues (Fig. 1 and
Table 7). Kininogen-1 (KNG1), encoded by the KNG/
gene, is a constituent of the blood coagulation system as
well as the kinin-kallikrein system, and it is the precursor
protein to high-molecular-weight kininogen (HMWK),
low-molecular-weight kininogen (LMWK), and bradyki-
nin [11, 12]. Recently, the KNGI protein was identified

as a potential marker of early colorectal cancer stages by
proteomics and immunohistochemistry [13]. A study
found that aberrant ceRNA-mediated regulation of
KNG contributed to glioblastoma-induced angiogenesis,
which provided potential targets for the development of
novel therapeutic strategies for glioblastoma [14]. HCC
frequently includes abnormalities in cell cycle regulators,
including up-regulated cyclin-dependent kinase (CDKs)
activities due to loss or low expression of CDK inhibitors
[15]. Cyclin-dependent kinase 1 (CDKI1), a member of
CDKs and encoded by CDK1, is a key player in cell cycle
regulation and an anti-cancer target [16]. Zhao et al. [17]
confirmed that CDKI1 activity was detected in primary
HCC tissue samples but not in healthy paraneoplastic tis-
sues, and CDK1 and apoptin might be a novel cellular
signaling pathway to modulate apoptosis in HCC. Zhang
et al. [18] further showed that miR-582-5p regulated the
progression of HCC through directly inhibiting the ex-
pression of CDK1. EHHADH is a human gene that

Table 4 The top 20 most

significant differentially Gene logFC p Gene logFC p

expressed IncRNAs in HCC

tissues compared with normal Inc-AC009237.1-4  —2.8458958 0.031392814  Inc-ADRA1B-1 —3.3573383 0.04254741

liver tissues Inc-DPYSL2-3 —2.764150083  0.031392814 Inc-HSDI11BI1-1  —2.907965233  0.04254741
Inc-JAKMIP2-1 10.42126862 0.031392814  Inc-PLIN2-1 —3.94011835 0.045460398
Inc-TTK-6 —3.243900933  0.031392814  Inc-AKAP5-1 —2.599524017  0.047382052
Inc-TXNL4B-1 —3.2891669 0.031392814  Inc-CCDCI125-6  —2.909481467  0.047382052
Inc-H2AFB2-2 —2.714204417  0.0328605 Inc-FAM35B-4 —2.0398422 0.047382052
Inc-TNKS-2 —2.828453483  0.033356993  Inc-PPYRI-5 —2.0001237 0.047382052
Inc-TTK-7 —3.699033267  0.033356993  RP11-250B2.6 —2.633541 0.047382052
Inc-LY86-7 —2.711439267  0.036380664 LOC153684 2.04617028 0.051964573
AC104809.2 —4.518514425  0.039811755  Inc-ZNF22-3 2.001438267 0.053512742
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Table 5 The top 10 most

significant enriched GO terms of Category Term Count p

DEGs
BP GO:0006082~organic acid metabolic process 141 2.18E-51
BP GO0:0044281~small molecule metabolic process 193 4.01E-41
BP GO:0055114~oxidation-reduction process 126 1.43E-36
BP G0:0044712~single-organism catabolic process 103 4.02E-28
BP GO:0006629~lipid metabolic process 123 1.97E-22
CC GO:1903561~extracellular vesicle 188 7.12E-19
CcC G0:0043230~extracellular organelle 188 7.40E-19
CcC GO:0070062~extracellular exosome 186 2.20E-18
BP GO0:0044711~single-organism biosynthetic process 114 5.98E-18
BP GO0:0006520~cellular amino acid metabolic process 44 9.81E-18

GO, gene ontology; DEGs, differentially expressed genes; BP, biological process; CC, cellular component

encodes for the bifunctional enzyme enoyl-CoA hydratase
and 3-hydroxyacyl CoA dehydrogenase (EHHADH),
which is one of the four enzymes of the peroxisomal
beta-oxidation pathway. Mutations of EHHADH are a
cause of peroxisomal disorders, such as Zellweger syn-
drome [19]. EHHADH is essential for the production of
medium-chain dicarboxylic acids [20]. Suto et al. [21]
reported that the expression of EHHADH was decreased
in human HCC, and EHHADH might be possible markers
for the analysis of multistage hepatocarcinogenesis.
Cytochrome P450 3A4 (CYP3A4), encoded by CYP3A4,
is a member of the cytochrome P450 family of oxidizing
enzymes. Cytochrome P450 enzymes metabolize approx-
imately 60% of prescribed drugs, and CYP3A4 is respon-
sible for about half of this metabolism [22]. CYP3A4 is
involved in drug metabolism and synthesis of cholesterol,
steroids and other lipids components. Many drugs are
deactivated by CYP3A4, and there are also some drugs

Table 6 The top 10 most significant enriched pathway of DEGs

which are activated by the enzyme. Frequency and prog-
nostic significant of CYP3A4-A-290G polymorphism
were detected in acute myeloid leukemia [23]. The cyto-
chrome P450 3A subfamily proteins are among the most
important drug-metabolizing enzymes in human liver and
are responsible for about half of all cytochrome P450-
dependent drug oxidations [24]. In this study, we found
the network of DEGs and DEMs were divided into 4 gene
clusters, and KNG, CDK1, EHHADH and CYP3A4 were
involved in more pairs in each cluster (Fig. 1), which
suggested that they might play important roles in the oc-
currence of HCC. Furthermore, the expression of CDK/
was significantly increased in HCC tissue, and expres-
sions of KNG1, EHHADH and CYP3A4 were significantly
decreased (Table 7). Therefore, KNG1, CDKI, EHHADH
and CYP3A4 were potential biomarkers in HCC.
MiRNAs play roles in gene regulation by inhibiting
protein translation of the targeting mRNAs, and aberrant

Category Term Count P

KEGG_PATHWAY hsa01100:Metabolic pathways 142 2.62E-25
KEGG PATHWAY hsa00071:Fatty acid degradation 21 3.22E-15
KEGG PATHWAY hsa00982:Drug metabolism - cytochrome P450 25 5.27E-15
REACTOME PATHWAY R-HSA-211981:Xenobiotics 14 2.02E-13
KEGG PATHWAY hsa05204:Chemical carcinogenesis 25 3.29E-13
KEGG PATHWAY hsa00980:Metabolism of xenobiotics by cytochrome P450 24 4.49E-13
KEGG PATHWAY hsa00830:Retinol metabolism 22 2.06E-12
KEGG PATHWAY hsa00280:Valine,leucine and isoleucine degradation 17 3.86E-10
KEGG_PATHWAY hsa01130:Biosynthesis of antibiotics 35 9.01E-10
REACTOME PATHWAY R-HSA-5661231:R-HSA-5661231 9 2.77E-09

DEGs, differentially expressed genes
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Fig. 1 The regulated network of DEGs and DEMs

expression has been implicated in a number of diseases
including cancers [25]. Partially complementary
microRNAs can speed up deadenylation, causing
mRNAs to be degraded sooner [26]. Besides, miRNAs
occasionally also cause histone modification and DNA
methylation of promoter sites, which affects the expres-
sion of target genes [27]. Here, we identified the DEMs in
HCC tissues compared with normal liver tissues, and pre-
dicted the targets of them. After constructed the regulated
network of DEGs and DEMs, Asa-miR-199a-5p and hsa-
miR-455-3p were found to be the only miRNAs and they
can connect KNG/ gene cluster and CDK/ gene cluster.
Hsa-miR-199a-5p could influence breast cancer cell inva-
siveness and might therefore be a potential drugable reg-
ulator of tumour progression and invasion [28]. Hsa-miR-

ASGR1

199a-5p has been reported to be decreased in HCC com-
pared to normal tissues, and transfection of miR-199a-5p
inhibited invasion of HepG2 cells [29]. Hsa-miR-455-3p
was reported to be overexpressed in punch biopsies of
basal cell carcinoma and buccal mucosa of oral
submucous fibrosis patients [30, 31]. Although no reports
were retrieved to explore the relationship between hsa-
miR-455-3p and HCC, we suspected that hsa-miR-199a-
5p and hsa-miR-455-3p might be potential biomarkers in
the occurrence of HCC based on our results.

In conclusion, our study suggested that KNG, CDKI,
EHHADH, CYP3A4, hsa-miR-199a-5p and hsa-miR-455-
3p might be potential biomarkers in the diagnosis of
HCC. Moreover, further functional researches and clinical
supports were needed.

Table 7  The expression levels of KNG1, CDK1, EHHADH, CYP3A4, hsa-miR-199a-5p and hsa-miR-455-3p
Group Relative expression values
KNGl1 CDK1 EHHADH CYP3A4 hsa-miR-199a- hsa-miR-455-
5p 3p
HCC group 2.53+0.32 2.64+0.41 1.28+0.17 2.31+0.38 1.04+0.11 1.93+0.18
Control group 3.71+£0.95 0.38£0.02 2.03+0.31 4.56+1.30 1.95+0.31 2.66+0.43
P 0.031 0.019 0.043 0.0026 0.0035 0.029
T -2.82 322 —2.58 -5.04 =5.17 -3.00
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