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Background: Despite the breadth of understanding the noncoding RNAs’ function in molecu-

lar biology, their functional roles in hepatocellular carcinoma (HCC) is poorly understood. In 

this study, we investigated the effect of hepatitis C virus (HCV) core upon the expression of 

noncoding RNAs. 

Methods: The lncRNAs, mRNAs, and circRNAs were employed for identification of HCV 

core protein gene expression in human Huh7 hepatoma (Huh7) cell line. In data analysis, we 

applied a threshold that eliminated all genes that were not increased or decreased by at least a 

2-fold change in a comparison between transfected and control cells. Hierarchical Clustering 

and the Kyoto encyclopedia of genes and genome pathway analyses were performed to show 

the distinguishable lncRNA, mRNAs, and circRNAs expression pattern among samples.

Results: The array data showed that 4,851 lncRNAs, 4,785 mRNAs, and 823 circRNAs 

were 2-fold up-regulated but 3,569 lncRNAs, 3,192 mRNAs, and 419 circRNAs were 2-fold 

down-regulated in Huh 7-core cells. The genes in the enriched set were associated with mac-

romolecule and nucleic acid metabolic processes, DNA damage response and regulation of 

voltage-gated calcium channel. We identified 10 genes from the selected 14 genes that were 

higher or lower expression in Huh7-core cells than that of Huh7-vector cells by quantitative 

real-time polymerase chain reaction. Interestingly, overexpression of miR122 and miR204 partly 

abrogated the expression of TGFBRAP1 and HOTTIP, and increased the HPCAL1 expression 

in the predicted carcinogenic pathways. 

Conclusion: Our data suggests that the pathways of miR204-HPCAL1-lncRNAHOTTIP and 

miR122-TGFBRAP1 were likely involved in the carcinogenic progress due to the presence of 

HCV core, and that overexpression of miR122 and miR204 might inhibit the HCC progress by 

down-regulation of TGFBRAP1 and HOTTIP expression.

Keywords: hepatitis C virus, Core, lncRNA microarray, gene expression, hepatocellular 

carcinoma, miR122, HOTTIP

Introduction
Hepatitis C virus (HCV) chronic infection is one of the most common chronic liver 

diseases and affects 1% to more than 3% population in different regions worldwide. 

The development of liver cirrhosis and hepatocellular carcinoma (HCC) is the third 

leading cause of cancer-related deaths in the world.1,2 Although HCV chronic infection 

is a prognostic factor of HCC, the relationship between HCV core gene expression 

and HCC progression is not fully explained. Since HCV core protein constructs HCV 
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capsid, participates in HCV immune escape, resists drug 

therapy, and relates to liver fibrosis, its functional role in 

HCC has been followed with interest.3–5

Noncoding RNAs (ncRNAs) are general terms of the 

RNAs that are not being translated to proteins, including 

microRNA (miRNA), circular RNAs (circRNAs), and 

long noncoding RNAs (lncRNAs), and their functions are 

involved in diverse biological process. Aberrant ncRNA 

expression is relevant to many human diseases such as liver 

fibrosis and HCC.6–9 It is known that HCV infection affects 

differential miRNA expression; for example, miR-24, miR-

638, and miR-1181 were identified to be involved in HCV 

entry, replication, and propagation, respectively.10 In some 

reports,11–13 LncRNA-Dreh has been identified to be related 

to the HCC caused by hepatitis B virus (HBV). For instance, 

HBx protein can downregulate the lncRNA-Dreh expression, 

resulting in the proliferation and metastasis of HCC, but 

little is known regarding the roles of lncRNAs, miRNAs, 

and circRNAs in HCC caused by HCV.

In an attempt to explore the relationship between the 

HCV core gene expression in human hepatoma (Huh7) 

cells and HCC, and to find the possible involvement of 

ncRNAs in HCC progression due to HCV chronic infec-

tion, we investigated the global and dynamic gene expres-

sion profiling of lncRNAs, miRNAs, and circRNAs in the 

Huh7 cells transfected with HCV genotype 1b core gene 

recombinant by the lncRNA and circRNA arrays, and 

then analyzed the interested gene expression alteration 

by gene ontology (GO) analysis and based on the Kyoto 

encyclopedia of genes and genomes (KEGG). Here, we 

showed that 8,420 human lncRNAs, 7,977 mRNAs, and 

1,242 circRNAs were identified and their expression 

levels changed for more than 2-fold in response to HCV 

core expression in Huh7 cells. The combined analyses of 

lncRNAs, mRNAs, and circRNA gene expression profil-

ing may have superior potential as a mechanistic feature 

in HCV infection-related diseases.

Materials and methods
cell culture
Huh7 cells were purchased from the Cell Bank of the 

Chinese Academy of Sciences (Shanghai, People’s Republic 

of China). The cell line is highly permissive for HCV 

replication.1,14 Cells were cultured in complete media consist-

ing of RPMI 1640, 2 mM L-glutamine, 100 U/mL penicillin, 

100 µg/mL streptomycin, and 10% fetal bovine serum. The 

medium was refreshed every 3 days to maintain adherent 

cells, and the culture plates were all placed in a humidified 

5% CO
2
 incubator at 37°C.

construction of recombinant
The cDNA encoding for HCV core protein was done based 

on the consensus genotype 1b, isolated from patient’s 

serum by reverse transcription-polymerase chain reac-

tion (RT-PCR). Our investigation has been approved 

by an ethics committee at Southeast University School 

of Medicine together with confirmation that informed 

consent was obtained from the donors for the use of the 

blood samples from the HCV-infected patients. The sense 

primer was 5′-CCCAAGCTTGGATGAGCACGAAT 

CCTAAACCTC-3′. The antisense primer was 5′-GGGA 

TCCTTAAGCGGAAGCT GGGATGG-3′. The cDNA frag-

ment was cloned into the HindIII and BamH I sites of p-EGFP 

mammalian expression vector (Promega Corporation, 

Fitchburg, WI, USA). The target gene in recombinant was 

confirmed by DNA sequence.15

Development of a stable hcV1b core 
expression huh7 cells
Cells grown to 70% confluent in complete medium were trans-

ferred to a six-well plate for 24-h splitting. The Lipofectamin 

2000 reagent (Invitrogen, Waltham, MA, USA), serum-free 

medium mixed with HCV1b genotype core recombinant, or 

blank plasmid (as control) were incorporated, incubated for 

20 min at room temperature, and then transferred directly 

into Huh7 cells. The plate was incubated at 37°C in 5% CO
2
 

atmosphere. The cell medium was removed from the plate 

after 5 h of incubation, followed by selection with 1,000 µg/

mL of G418 (Clontech, Mountain View, CA, USA) for 24 

h. After 12- to 14-day selection, G418-resistant Huh7 clones 

were selected, clonally harvested, and named for Huh7-core 

cells and Huh7-vector cells. RT-PCR was performed to detect 

the transcribed expression of core protein.14,16

arraystar lncrna array
The lncRNA array consists of lncRNA part of 30,586 genetic 

locus and mRNA part of 26,109 genetic locus. According to 

the protocol of lncRNA array assay (KangChen Biological 

Services, Shanghai, People’s Republic of China), the RNA 

sample was prepared by TRIzol Reagent (Invitrogen). Total 

RNA cleanup, quantification, and quality control were done 

with Nasey Mini Kit (Qiagen p/n 74104). Labeling reaction 

was then done with Quick Amp Labeling Kit, One-Color 

(Agilent p/n 5190-0442). Purification of the labeled/ampli-

fied RNA and labeled cRNA quantification, and quality 

control were done with RNeasy Mini Kit (Qiagen p/n 74104, 

NanoDrop ND-1000). Subsequently, hybridization was 

done by Agilent gene expression hybridization kit (Agilent 

p/n 5188-5242). Microarray wash was performed using 
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gene expression wash buffer 1 and buffer 2.17,18 The Agilent 

Feature Extraction software (version 11.0.1.1) was used 

to analyze acquired array images. Quantile normalization 

and subsequent data processing were performed using the 

R software package. Differentially expressed lncRNAs 

between two samples isolated, respectively, from Huh7-core 

cells and Huh7-vector cells were identified through fold 

change filtering. Hierarchical clustering was performed to 

show the distinguishable lncRNA and mRNA expression 

patterns among samples.17,19,20

arraystar circrna array
The circRNA array includes 5,396 genetic locus. According 

to the protocol of circRNA array assay (KangChen Biological 

Services), total RNA from each sample was quantified using 

the NanoDrop ND-1000. The sample preparation and microar-

ray hybridization were performed based on the Arraystar 

standard protocols. Briefly, total RNAs were digested with 

Rnase R (Epicentre, Inc., Madison, WI, USA) to remove 

linear RNAs and enrich circRNAs. Then, the enriched circR-

NAs were amplified and transcribed into fluorescent cRNA 

utilizing a random priming method (Arraystar Super RNA 

Labeling Kit; Arraystar, San Mateo, CA, USA). The labeled 

cRNAs were hybridized onto the Arraystar Human circRNA 

Array V2 (8×15K, Arraystar). After washing the slides, the 

arrays were scanned by the Agilent Scanner G2505C and 

the same steps as that of the protocol of lncRNA array assay 

were followed.17,20,21

Functional group analysis
GO analyses were performed to explore the functions of dif-

ferentially expressed coding genes identified in this study by 

using the Database for Annotation, Visualization and Inte-

grated Discovery.22,23 Pathway analyses were used to place 

differentially expressed coding genes according to KEGG, 

Biocarta, and Reactome. Generally, Fisher’s exact test and 

v2 test were used to classify the GO category and select the 

significant pathway. Besides, the threshold of significance was 

defined by the p-value and false discovery rate.24

Quantitative real-time Pcr
Reverse transcription of RNA was performed according to 

the manufacturer’s instructions of the Reverse Transcrip-

tion System (Promega Corporation). The primers were 

listed in Table 1. Quantitative real-time PCR (RT-qPCR) 

amplification was done using an IQ5 machine (Bio-Rad 

Laboratories Inc., Hercules, CA, USA), and the condi-

tions were set as follows: an initial denaturation at 95°C 

for 45 sec, followed by 30 cycles of 25 sec at 95°C, 30 sec 

Table 1 Primer sequences used for rT-qPcr

Molecular 
names

Primer sequences Enzymes

mir122-rT gTcgTaTccagTgcgTgTcgT 
ggagTcggcaaTTgcacTgga 
Tacgaccaaacac

mir122-F ggggTggagTgTgacaaTg
mir122-r cagTgcgTgTcgTggagT
U6-rT aacgcTTcacgaaTTTgcgT
U6-F cTcgcTTcggcagcaca
U6-r aacgcTTcacgaaTTTgcgT
mir192-rT gcgTaTcaccgTgTTTacTgT 

ggcTgTca
mir192-F gcccgTaTcTgaccTaTgaaTTga
mir192-r agcgTaTcaccgTgTTTacTgT
mir204-rT cacaTTagcgcgTaTTcagacagg 

caTagg
mir204-F ccacTTTgaTTcccTTTgTcaTcc
mir204-r ccacaTTagcgcgTaTTcagac
circ_0001498-F caTTTccTTccTTggaaTcTTg
circ_0001498-r cTgggcaTTccacacaacTa
circ_0008026-F TggcacaccTggaTaTcTTTc
circ_0008026-r gcaaaTTcTcaggcTTcagg
circ_406626-F ccTcaaTaTTTTTacTggccaca
circ_406626-r aTcTTcaTTccTcaaTaTTTTT 

acTgg
MaP3K2-F gcaaagTTcTgTgccagTga
MaP3K2-r acTgTTTgcccaTgTTccTc
gls-F gcTgTgcTccaTTgaagTga
gls-r aaagcaaacTgcccTgagaa
TgFBraP1-F cgTTcacTgccaccaaacag
TgFBraP1-r cTcgTTcagTgcaaacgTgg
cPeB1-F aTccTTgcTTcaggcTTgcT
cPeB1-r caTgcagagcaccgacaaac
Frs2-F caTTggaggcgagggTTTcT
Frs2-r agccagTgTcccaTTcTgTg
Fn1-F agccTgggagcTcTaTTcca
Fn1-r TTggcgcaTcTcTTTccTgT
hPcal1-F acggcaaacTgTccTTggaa
hPcal1-r gcaaagcTTaaacggcacga
mir122-psu-F ggaagaTcTTgTTcagcTcTTccc 

aTTgcT
Bglii

mir122-psu-r cccaagcTTTgagTgcaaaagag 
ccagacT

hindiii

mir192-psu-F ggaagaTcTTcacggggaaTgaga 
cagag

Bglii

mir192-psu-r cccaagcTTccagTggggcTgcT 
gTTaT

hindiii

mir204-psu-F ggaagaTcTTgagagTaTaTTTca 
cTccTTccT

Bglii

mir204-psu-r cccaagcTTacTTccTgaTcgc 
gTacc

hindiii

Note: Underline represents the restriction enzyme cutting site.
Abbreviations: cPeB1, cytoplasmic polyadenylation element binding protein 1; 
F, forward; FN1, fibronectin 1; FRS2, fibroblast growth factor receptor substrate 2; 
gls, glutaminase; hPcal1, hippocalcin like 1; MaP3K2, mitogen-activated protein 
kinase 2; psu, precursor primer for amplification of miRNA; R, reverse; RT-qPCR, 
quantitative real-time Pcr; TgFBraP1, transforming growth factor β receptor-
associated protein 1.

at 65°C, and 30 sec at 72°C. Subsequently, a melt curve 

analysis was performed to determine the specificity of the 

PCR reaction. Relative gene expression was calculated 

using the ΔΔCt method.25,26
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construction of expressive mirna 
vectors and transient transfection
To construct the expressive miRNA vectors, we amplified 

an insert (full-length human miR-122, miR-192, and miR-

204) by PCR from the cDNA of Huh7 cells.27 The method 

of constructing expressive miRNA vectors of PSUPER-

miR122, PSUPER-miR192, PSUPER-miR204, and empty 

vector PSUPER-EGFP1 was the same as the method of 

constructing HCV genotype 1b core recombinant. These 

recombinant eukaryotic expressive vectors were confirmed 

by sequencing, and then were transfected into the Huh7-core 

cells. Then, 48 h after the transfection, the cells were har-

vested to isolate the total mRNA and the related molecular 

expression was detected by RT-qPCR.28

statistical analysis
SPSS 17.0 and Graphpad Prism 5.0 were used for data analy-

sis. Values of interest were presented as the mean ± standard 

deviation. Statistical comparison was performed using the 

Student’s t-test method. A p-value of ,0.05 was considered 

statistically significant.

Results
Influence of HCV core on gene 
expression profiling in Huh7 cells
The results of the lncRNA and the circRNA arrays pre-

sented in Figures 1–3 show that the expression of 4,851 

lncRNAs, 4,785 mRNAs, and 823 circRNAs were 2-fold 

upregulated, and that the expression of 3,569 lncRNAs, 3,192 

mRNAs, and 419 circRNAs were 2-fold downregulated in the 

Huh7-core cells as compared to the Huh7-vector cells. The 

representative hot maps of lncRNA, mRNAs, and circRNAs 

in Figures 1A, 2A, and 3A show the gene expression profiling 

based on the analysis of lncRNA and the circRNA expression 

in two different samples. The box plots in Figures 1B, 2B, 

and 3B are a convenient way to quickly visualize the distri-

bution of a dataset. It is commonly used in comparing the 

distributions of the intensities from the Huh7-core cells and 

the Huh7-vector cells. The scatter plots in Figures 1C, 2C, 

and 3C are a visualization method used for assessing the 

expression variation of lncRNA, mRNAs, and circRNAs 

between the two compared samples. The lncRNAs, mRNAs, 

and circRNAs above the top green lines and below the bottom 

green lines in Figures 1C, 2C, and 3C indicated more than 

2-fold changes between the two compared samples.

Gene expression profiling in Huh7-core 
cells by gO and Kegg pathway analyses
GO analysis includes the biological process, cellular component, 

and molecular function. The data presented in Figure 4 show 

that 2-fold upregulated/downregulated genes in the enriched 

set were associated with metabolism including macromolecule 

and nucleic acid metabolic process, biochemistry reaction like 

DNA damage response and regulation of voltage-gated calcium 

Figure 1 The hot map of lncrna array analysis. (A) hot map was generated for lncrna expression in huh7-core cells compared with huh7-vector cells. (B) Box plot is a 
convenient way to quickly visualize the distribution of a dataset. it is commonly used for comparing the distributions of the intensities from all samples. (C) scatter plot is a 
visualization method used for assessing the lncrna expression variation between the two compared samples. The values of X and Y axes are the normalized signal values of 
the samples (log2 scaled). The green lines are fold change lines. The lncrnas above the top green line and below the bottom green line indicated more than 2-fold change 
of lncrnas between the two compared samples.
Abbreviation: lncrna, long noncoding rna.
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channel, etc., in Huh7-core cells; however, KEGG pathway 

analysis of gene expression profiling indicated that some of 

the differentially expressed genes were involved in the endo-

plasmic reticulum stress, apoptosis, calcium singling pathway, 

Wnt singling pathway, HBV and HCV infection pathway, etc. 

(data not shown here). The data presented in Figure 5 show 

that the reliability of lncRNA and the circRNA array data was 

partly confirmed by RT-qPCR analysis.

Figure 2 The hot map of mrna array analysis. (A) hot map was developed for mrna expression in huh7-core cells compared with huh7-vector cells. (B) Box plot is a 
convenient way to quickly visualize the distribution of a dataset. it is commonly used for comparing the distributions of the intensities from all samples. (C) scatter plot is 
a visualization method used for assessing the mrna expression reproducibility between the two compared samples. The values of X and Y axes in the scatter plot are the 
normalized signal values of the samples (log2 scaled). The green lines are fold change lines. The mrnas above the top green line and below the bottom green line indicated 
more than 2-fold change of mrnas between the two compared samples.
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Figure 3 The hot map of circrna array analysis. (A) hot map was produced for circrna expression in huh7-core cells compared with huh7-vector cells. (B) Box plot 
is a convenient way to quickly visualize the distribution of a dataset. it is commonly used for comparing the distributions of the intensities from all samples. (C) scatter plot 
is a visualization method used for assessing the circrna expression variation between the two compared samples. The values of X and Y axes in the scatter plot are the 
normalized signal values of the samples (log2 scaled). The green lines are fold change lines. The circrnas above the top green line and below the bottom green line indicated 
more than 2-fold change of circrnas between the two compared samples.
Abbreviation: circrna, circular rna.
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Figure 4 Presence of HCV genotype 1b core causes the gene expression profiling in Huh7 cells by gene ontology analysis. (A) analysis of biological process. (B) analysis of 
cellular component. (C) analysis of molecular function.
Abbreviation: hcV, hepatitis c virus.

Figure 5 Identification of selected gene expression in HCV core and HCV vector cells analyzed by RT-qPCR. (A) Differential ncrna expression. (B) Differential molecular 
gene expression.
Note: *p,0.05.
Abbreviations: hcV, hepatitis c virus; ncrna, noncoding rna; rT-qPcr, quantitative real-time Pcr.
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Function analysis of mirna 
overexpression in huh7-core cells
To confirm the regulation function of miRNAs identified 

in Huh7-core cells, we constructed PSUPER-miR122, 

PSUPER-miR192 and PSUPER-miR204, and PSUPER-

EGFP1-blank vector recombinants, transfected them into 

Huh7-core cells, and analyzed the biological functions 

of these miRNAs in HCV core-expressed Huh7 cells by 

RT-qPCR. The results showed that the expression of gene 

TGFBRAP1 was significantly decreased in Huh7-core 

cells transfected with PSUPER-miR122 recombinant com-

pared with the Huh7-vector cells (p,0.05). However, no 

significant difference was found in the expression of CPEB1 

and MAP3K2 between the Huh7-core miR 122 cells and 

the Huh7-core cells in Figure 6A. The data presented in 

Figure 6B indicate that the expression of hippocalcin like 

1 (HPCAL1) was significantly upregulated in PSUPER-

miR192-transfected Huh7-core cells compared to the 

Huh7-core cells (p,0.001), and the expression of glu-

taminase (GLS) and lncRNA-HOTTIP was significantly 

decreased (p,0.05). However, no significant difference 

was found in the FRS2 expression between the Huh7-core-

miR 192 cells and the Huh7-core cells. We also found that 

the expression of HPCAL1 was significantly upregulated in 

Huh7-core-miR204 cells compared to the Huh7-core cells 

(p,0.01), and the expression of GLS and lncRNA-HOTTIP 

was simultaneously significantly decreased (p,0.01); but no 

significant difference was found in the expression of FN1 

and FRS2 between the Huh7-core-miR 204 cells and the 

Huh7-core cells (p0.05), as shown in Figure 6C.

Prediction and postulation of the possible 
carcinogenic pathways in huh7-core cells
To analyze that the presence of HCV core gene was associ-

ated with HCC progression we predicted that the 14 genes 

(Figure 5) selected from the interested gene expression 

profiling might be involved the carcinogenic pathways in 

Huh7-core cells by the prediction of platforms, including 

the interaction of miRNA-mRNA/protein (miRDB), the 

interaction of lncRNA-miRNA (miRcode), and the interac-

tion of circRNA-miRNA (starBase) as well as our paper 

studying.1,2,14,15 These possible carcinogenic pathways are 

shown in Figure 7A and B. Presumably, the possible car-

cinogenic pathways (Figure 7C) were further supported by 

overexpression of miR122 and miR204, respectively, in 

Huh7-core cells (Figure 6).

Figure 6 effects of overexpression of mirnas on potential downstream target gene expression analyzed by rT-qPcr. (A) effects of overexpression of mir 122 on 
downstream target gene expression. (B) effects of overexpression of mir 192 on downstream target gene expression. (C) effects of overexpression of mir 204 on 
downstream target gene expression.
Note: *p,0.05.
Abbreviations: mirnas, micrornas; rT-qPcr, quantitative real-time Pcr.
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Figure 7 Predicted and modified HCV core protein-related carcinogenic pathways. (A and B) Predicted hcV genotype 1b core protein-related carcinogenic pathways by 
the data of bioinformation and the molecular target site predict platform. (C) Modified HCV core protein-related carcinogenic pathways supported by overexpression of 
mir122 and mir204. label ?: that means questionable or uncertainty.
Abbreviation: hcV, hepatitis c virus.

Discussion
HCV is a single-stranded, positive sense RNA virus and 

encodes a polyprotein of 3,000 amino acids. This precur-

sor is co-translationally and post-translationally processed 

into 10 structural and nonstructural proteins by cellular and 

virally encoded proteases. These proteins include the highly 

conserved core protein, the glycosylated envelope proteins 

(E1 and E2), and a short peptide p7,29–31 in which HCV core 

protein plays a vital function in immune escape of HCV, drug 

resistance, and positively correlated with the development of 

liver fibrosis and HCC. To this end, we explored the molecu-

lar mechanisms of HCV core-related HCC.

The data collected from the present study indicated 

that the presence of HCV 1b core changed the host gene 

expression profiling in Huh7-core cells. For example, the 

changes were involved in the metabolism of macromolecule 

metabolic process and nucleic acid metabolic process as well 

as biochemistry reaction like DNA damage response. The 

KEGG pathway analysis suggested that these changed genes 

have a connection with the endoplasmic reticulum stress, 

apoptosis, calcium singling pathway, Wnt singling pathway, 

HBV and HCV infection signaling pathways, and so on.

Based on these bioinformation data, we predicted the HCV 

core protein-related carcinogenic pathways by the molecular 

target site predict platform (Figure 7A and B). From the 

hypothetic pathways, we selected the 14 genes as potential 

core regulatory genes, and found that 10 of the 14 identi-

fied genes were upregulated or downregulated by at least a 

2-fold when compared between Huh7-core cells and Huh7-

vector cells analyzed by RT-qPCR. We selected 3 interested 

genes that are high associated with regulating downstream 

target genes. Then, we overexpressed the genes of miR122, 

miR192, and miR204 in the Huh7-core cells by transfecting 

the PSUPER-miR122, PSUPER-miR192 and PSUPER-

miR204 recombinants, respectively. The results showed the 

more than a 2-fold change gene expression were the genes 

of miR122, miR192, miR204, TGFBRAP1, HOTTIP, GLS1, 

and HPCAL1 (Figure 6). It is known that TGFBRAP1 (also 

called TRAP-1), a mitochondrial molecular chaperone of the 

Hsp90 family, is associated with HCC.32,33 We found that the 
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miR122 expression was decreased, whereas TGFBRAP1 

expression was increased in Huh7-core cells. Interestingly, 

this change was markedly inhibited in miR122 overexpressed 

Huh7-core cells, suggesting that the HCV genotype 1b core 

might upregulate TGFBRAP1 expression to promote HCC 

progression by downregulating miR122 expression.

Consistent with miR122 expression, miR204 expres-

sion was downregulated in Huh7-core cells, but HOTTIP 

expression was significantly upregulated. The HOTTIP 

(HOXA transcript at the distal tip) is a lncRNA, and the 

HOTTIP level is associated with liver fibrosis and HCC 

patients’ clinical progression.34,35 To analyze the potential 

relationship between miR204 expression and HOTTIP level, 

we overexpressed miR204 in Huh7-core cells, and found 

that the HOTTIP level was significantly downregulated in 

miR204 overexpressed Huh7-core cells. Hence, we propose 

that HCV1b core protein downregulates miR204 expression, 

leading to increase of HOTTIP expression, which might 

accelerate HCC process.

Additionally, to better understand the molecular changes 

in response to miR204 overexpression in Huh7-core cells, we 

found that mitochondrial GLS1 expression was significantly 

inhibited; however, HPCAL4 expression was markedly 

increased. Given that GLS1 playing a crucial role in regu-

lating cellular catabolism and maintaining redox balance 

in cancer cells, its upregulation in cells is associated with 

increasing cell proliferation, and accounts for the majority of 

glutaminase activity in some human tumor cells.36,37 HPCAL4 

is a relatively under-studied gene and has unknown function; 

however, a few reports showed that HPCAL4 can activate 

ERK1/2-MAPK signal pathway to promote p21 stabilization 

for inhibition of liver cancer.38,39 According to these data, 

we hypothesize that the miR204 overexpression in Huh7-

core cells caused the GLS1 downregulated expression and 

HPCAL4 upregulated expression, and the expression of 

HOTTIP and GLS1 is proposed as positive correlation.40 

Accordingly, the expression of HCV genotype 1b core 

protein leads to a specific gene expression profiling. This 

may account for the HCV core-related HCC disease.

In this study, we know that further investigation of the 

mechanisms of HCV genotype 1b core-related HCC is neces-

sary for understanding the latent correlation between HCV 

infection and the involvement of ncRNAs in HCC process.

Conclusion
Our data raise the possibility that the HCV core expression 

not only results in downregulated miR204 expression that 

increases the expression of HOTTIP and GLS1 but also 

causes the activation of circ_0001498-miR122-TGFBRAP1 

signaling pathway, which might be associated with promot-

ing the HCC progression. Despite existence of uncertainty 

issues, our finding suggests that the HCV genotype 1b core 

might participate in HCV infection-related HCC.
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