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Abstract Recurrence, invasion, and metastasis are the major
reasons of the low 5-year survival of hepatocellular carcino-
ma. However, the mechanisms of recurrence, invasion, and
metastasis are still poll understood. Long noncoding RNAs
(LncRNAs, >200 nt) have been demonstrated to play impor-
tant roles in both tumor suppressive and oncogenic signaling
pathways. Here, we employed the LncRNAs microarray tech-
nology to study the LncRNAs expression profiles at genome-
wide in hepatocellular carcinoma (HCC) tissue samples with
early recurrence (less than 1 year, with invasion and metastasis
out of liver) and late recurrence (longer than 2 years, without
invasion and metastasis out of liver), which had different
recurrent/metastatic potentials, by using normal liver tissue
as control to screen the dysregulated LncRNAs which are
potentially involved in the recurrence, invasion, and metasta-
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sis process of HCC. Overall, 1170 LncRNAs were identified
to differentially expressed between the early and late recur-
rence samples. These differentially expressed LncRNAs were
further characterized by integrating examination of genomic
context, co-expression network analysis, and gene ontology
(GO) enrichment of their associated protein-coding genes.
Furthermore, 15 LncRNAs selected randomly from top 50
differentially expressed LncRNAs were validated by quanti-
tative PCR (qPCR) in cell lines MHCC97H and MHCC97L,
which have exactly the same genetic background but with
different invasion potentials. Meanwhile, the prognostic po-
tential of three verified LncRNAs at cell line level was further
validated in 59 HCC samples. Therefore, our results demon-
strated that the aberrant expression of LncRNAs might be
responsible for the HCC invasion and metastasis and provide
fundamental information for further study the LncRNAs in-
volved molecular mechanisms of the invasion and metastasis
of HCC.

Keywords Longnoncoding RNA - Expression profiles -
Hepatocellular carcinoma - Metastasis - Recurrence - Invasion

Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon cancers and is currently the third common course of
cancer-related mortality worldwide [1]. The highest HCC
incidence is found in the sub-Saharan Africa and East
Asia and HCC amounted to 90 % of primary liver cancer
in China [2]. Currently, the therapeutic strategies to treat
HCC are including surgical resection, loco-regional abla-
tion, and liver transplantation. Although the 5-year sur-
vival has a gradual increase in recent decades due to the
advances in surgical techniques and medical treatments,
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Table 1  The primers used in qPCR analysis

LncRNA ID Forward primer Reverse primer Product length Tm (°C)
(bp)
P23099 ACAGCAGGTTGGCACAAAAC GTCTGCCTAATGTCCGGGTC 299 60
P6488 CTTGGATGGAGGAACAGGAA GGAGCTCCACTGATGTCTCT 192 60
P700 GTGATGACACACTCTGTGCT GAGGAAGTGCTGTCAGCAGA 166 60
P14695 TCTTGCTCACAAACAAGGCAG AGGATCTTTCATGTGCTGTGT 179 60
P6391 CACAGAATGTCGGTCAGGGT CCGCTGAAAAGCAACTGGTA 174 60
P8611 GCCATGTCAATTCAGGTCTC CTGGACGGAGAATGAGATTG 232 60
P24363 CCCCCAAAGTGGTATCAGGC GTGCTGGCTTGCTGATGAAC 156 60
P8860 CAATGGCCAGCACACAATGA GAGAGAACAACACCACTGCT 199 60
P16984 ACTCAACTTCCCCATGTGACT GGTTTTGTTTGCTGCTACGG 175 60
P19780 GATGCTGAACAGCGGAACAC CTTGGGATACATGGGCAGGG 190 60
P28210 AGTACAGCTCTCCTTCCCTGA CAATCGCAAGCCAGATGTCA 216 60
P33863 CAATCGCAAGCCAGATGTCA ACTCACCCCGATCTCTCTCC 177 60
P4091 CACCGGAAGGAACCAATTCT GCTCTTGCTCAAGGCCTGTT 138 60
P8725 GCCATGGTCCTGCGATCCTA GTTCTTGGTTGTCGTGTGCT 203 60
P9745 TCACCTTCCAACCAGTCTCA GCTGGTCCATTGGCATAACA 235 60

for the majority of HCC patients, it was less than 20 %
[3]. Recurrence, invasion, and metastasis are the major
causes of the low 5-year survival rate [4], approximately
50-70 % of HCC patients suffer from recurrence/metas-
tasis within 12 months after curative resection [5]. There-
fore, it is an urgent need to discover novel molecular
biomarkers of the recurrence, invasion, and metastasis,
which can help in early diagnosis and prognosis assess-
ment, and better understand the underlying molecular
mechanisms.

Long noncoding RNAs (LncRNAs), previously
thought as noise of transcription and generally defined
as having a size bigger than 200 nucleotides, have come
into the limelight as functional molecules [6]. Recent
analysis and experiments suggest that LncRNAs exhibit
tissue-specific expression patterns and may play important
roles in a broad range of biological process [7]. LncRNAs
could regulate gene expression at epigenetic, transcrip-
tion, and post-transcriptional level such as DNA methyl-
ation, gene silencing, and histone modifications [8]. Dys-
regulation of LncRNAs is closely associated with many
human diseases, including various cancers [9]. More re-
cently, there are several reports on the functions of
LncRNAs in HCC such as HOXA transcript at the distal
tip (HOTTIP) [10], highly upregulated in liver cancer
(HULC) [11, 12], and LncRNA-High Expressed In HCC
(HEIH) [13]. It has been reported that the LncRNA could
activate by TGF-3 (LncRNA-ATB), upregulate in HCC
metastases and associate with poor prognosis, induce
EMT and invasion through upregulating ZEB1 and
ZEB2 [14]. LncRNA-hPVTI could promote cell
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proliferation, cell cycling, and acquisition of stem cell-
like properties in HCC cells by stabilizing NOP2 [15].
Opposite to these tumor promotion functions of
LncRNAs, it has also been reported that the LncRNA
metallothionein 1D pseudogene (MT1DP) could act as a
tumor suppressor, overexpression of which resulted in re-
duced cell proliferation and colony formation in sofa agar
and increased apoptosis in liver cancer cells; furthermore,
MTIDP could negatively regulate the expression of
alpha-fetoprotein through inhibiting protein synthesis of
forkhead box A1, an important transcription factor in liver
development and cancer progression [16]. Since several
LncRNAs have been reported to dysregulate in HCC
and then facilitate the tumor growth, the LncRNAs might
be potential valuable diagnostic biomarkers even thera-
peutic targets for HCC treatment. However, the roles of
LncRNAs in the recurrence, invasion, and metastasis of
HCC are largely unknown.

Here, we have investigated the roles of LncRNAs in the
recurrence and invasion/metastasis of HCC by comparing the
LncRNAs expression profiles between HCC tissues that have
recurrence within 1 year and metastasis outside the liver (T1)
and HCC tissues that have recurrence after 2 years and

Fig. 1 Hierarchical clustering of the differentially expressed LncRNAs P>
and mRNAs in the primary HCC tissues from patients group T1 and T2;
T1 represents patients who had recurrence within 1 year after surgical
resection and with outside liver metastasis; T2 represents patients who
had recurrence after 2 years of surgical resection and without outside liver
metastasis. a Differentially expressed LncRNAs; b differentially
expressed mRNAs. Red color indicates the upregulation, and green
color indicates the down regulation
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Table 2 Summary of microarray analysis results

Group Probe class Total Expression above
background (%)
Tl LncRNA 37,581 27,618 (73.49)
mRNA 34,235 29,850 (87.19)
T2 LncRNA 37,581 26,864 (71.48)
mRNA 34,235 29,587 (86.42)
NT LncRNA 37,581 27,576 (73.38)
mRNA 34,235 29,778 (86.98)

without outside liver metastasis (T2), with the normal liver
tissues (NT) as control.

Methods
Ethics statement

The project was approved for the using of human biopsy by
the Institution Review Board of Mengchao Hepatobiliary
Hospital of Fujian Medical University. The written consent
was received from all participants in this study at the time of

surgery.
Clinical samples

Total of 10 fresh-frozen primary HCC tissues and 5 fresh-
frozen normal liver tissues were included in the microarray
assay. Those tissues in microarray assay were divided into
the following three groups: primary HCC tissues from patients
who had recurrence within 1 year after surgical resection and
with outside liver metastasis (T1), primary HCC tissues from
patients who had recurrence after 2 years (or even more) after
surgical resection and without outside liver metastasis (T2),
and the normal liver tissues (NT). The clinical samples for
quantitative PCR (qPCR) validation experiments were divid-
ed into the following two groups: primary HCC tissues from
patients who had outside liver invasion and metastasis (n=25)
and primary HCC tissues from patients without outside liver
invasion and metastasis (#=34). Fresh-frozen HCC tissues
and normal liver tissue samples were collected during the

surgical resection at Mengchao Hepatobiliary Hospital of Fu-
jian Medical University and stored in the tissue bank for fur-
ther usage.

RNA extraction

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to
extract the total RNAs from tissues, and mirVana miRNA
Isolation Kit (Ambion, Austin, TX, USA) was used to purify
small RNAs according to the manufacturer’s protocol. The
concentration and purity of RNAs were determined by
0D260/280 readings using spectrophotometer (NanoDrop
ND-2000). By using the RNA 6000 Nano Lab-on-a-Chip kit
and the Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA, USA), RNA integrity was determined by capillary elec-
trophoresis. Only RNA extracts with RNA integrity number
higher than 6 undergone further analysis.

Fabrication of DNA microarray

Microarray assay was performed by CapitalBio Corporation,
Beijing, China. The Agilent Human LncRNA + messenger
RNA (mRNA) Array V3.0 was used in the assay which was
designed with four identical arrays per slide (4% 180-K for-
mat). This microarray contains 37,582 human LncRNAs
probes collected from GENCODE/Ensembl, Human
LncRNA Catalog [17], RefSeq, USCS, ncRNA Expression
Database (NRED), H-InvDB, LncRNAs-a (enhancer-like),
RNAdb, CombinedLit, Antisense ncRNA pipeline,
HoxncRNAs, UCRs, and Chen Runsheng lab (Institute of
Biophysics, Chinese Academy of Science), 34,235 human
mRNAs probes, and 4974 Agilent control probes. Each
RNA was detected by corresponding probes repeated for two
times.

RNA amplification, labeling, and hybridization

By using Eberwine’s linear RNA amplification method and
subsequent enzymatic reaction, fluorescent dye (Cy3) labeled
complemetary DNAs (cDNAs) were produced according to
the manufacturer’s protocol of CapitalBio cRNA Amplifica-
tion and Labeling Kit (CapitalBio).

Table 3 Summary of

differentially expressed Group Probe class Differentially expressed (%) Upregulated Downregulated
LncRNAs and mRNAs in the
three comparisons as indicated Pl LncRNA 1780 (6.45) 362 1428
(P1,T1vs.NT; P2, T2 vs. NT, P3, mRNA 3313 (11.1) 1436 1877
Tlvs. T2) P2 LncRNA 2720 (10.13) 392 2328

mRNA 4160 (13.94) 2269 1891

P3 LncRNA 1170 (4.24) 992 168
mRNA 953 (3.2) 515 438
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Table 4 Overview of the
differentially expressed Group Probe class Differentifally expressed Upregulated Downregulated
LncRNAs and mRNAs in P1 (T1
vs. NT) and P2 (T2 vs. NT) but P1 LncRNA 1428 317 1111
not in P3 (T1 vs. T2) mRNA 2967 1390 1577

P2 LncRNA 2108 352 1756

mRNA 3682 2141 1543

In detail, 1 pg total RNA was used to synthesize the
double-stranded cDNAs (containing the T7 RNA polymerase
promoter sequence) using the CbcScript reverse transcriptase
with cDNA synthesis system according to the manufacturer’s
protocol (Capitalbio) with the T7 Oligo (dT) and T7 Oligo
(dN). PCR NucleoSpin Extract I Kit (MN) was used to purify
dsDNA by eluting in 30 puL elution buffer. Then, the eluted
double-stranded DNA was vacuum concentrated to 16 pL.
Subsequentially, the cRNA was amplified using a T7 Enzyme
Mix in a 40-pL in vitro transcription reactions system at 37 °C
for 14 h and then purified by the RNA Clean-up Kit (MN).
Two micrograms amplified RNA was further reverse
transcripted using CbcScript reverse transcriptase, then the
reverse transcripted cDNA products were purified by PCR
NucleoSpin Extract II Kit (MN) and vacuum concentrated to
14 pL. Klenow enzyme was used to label the cDNA at 37 °C
for 90 min. The labeled cDNA was further purified by a PCR
NucleoSpin Extract II Kit (MN). Test samples labeled with
Cy3-dCTP, as well as the labeled controls were dissolved in
80 uL hybridization solution (3x saline-sodium citrate (SSC),
0.2 % sodium dodecyl sulfate (SDS), 5x Denhardt’s solution
and 25 % formamide) and denatured at 95 °C for 3 min prior
to loading onto a microarray. At a rotation speed of 20 rpm
and a temperature of 42 °C overnight, array hybridization was
performed in an Agilent Hybridization Oven. Afterwards, the
hybridized arrays were washed with two consecutive solutions
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(0.2 % SDS, 2x SSC at42 °C for 5 min, followed by 0.2x SSC
for 5 min at room temperature).

Microarray imaging and data analysis

GeneSpring software V12.0 (Agilent) was used to analyze
the LncRNAs+mRNA array data for data summarization,
normalization, and quality control. Threshold values of >2-
and <—2-fold change and a Benjamini-Hochberg corrected
P value of <0.05 were used to select the differentially
expressed genes. The data was log 2 transformed and me-
dian centered by genes using the Adjust Data function of
Multiexperiment Viewer (MeV) software (Dana-Farber
Cancer Institute, Boston, MA, USA), then further analyzed
with hierarchical clustering with average linkage. The mi-
croarray data has been deposited in the NCBI Gene Ex-
pression Omnibus (GEO) database (accession number:
GSE67260).

Construction of the coding-noncoding gene co-expression
network

The coding-noncoding gene co-expression network (CNC
network) was constructed based on the correlation analy-
sis between the differential expressed LncRNAs and
mRNAs. The Pearson correlation was calculated for each

Hl IncRNA
3J mRNA

chromosomes

Fig. 2 The distribution of differentially expressed LncRNAs and
mRNAs on each chromosome in the comparison between T1 and T2;
T1 represents patients who had recurrence within 1 year after surgical
resection and with outside liver metastasis; T2 represents patients who
had recurrence after 2 years of surgical resection and without outside liver

metastasis. The percentage of LncRNAs and mRNAs distributed on each
chromosome was calculated by the numbers of LncRNAs and mRNAs
on each chromosome dividing the total numbers of differentially
expressed LncRNAs and mRNAs; ¢/ represents chromosome
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pair of genes, and the significant correlation pairs were
chosen to construct the network. The network was drawn
though the open source bioinformatics software
Cytoscape using LncRNAs and mRNAs with Pearson cor-
relation coefficients higher than 0.99. Degree centrality is
defined as the link numbers one node has to the other in a
network analysis. A degree is the simplest and most im-
portant measure of a gene centrality within a network that
determines the relative importance [18].

Gene ontology and pathway analysis

The Molecular Annotation System (CB-MAS) V3.0 (http://
bioinfo.capitalbio.com/mas3/) was used to perform gene
ontology and pathway analysis.

qPCR analysis

Total RNAs of MHCC97H and MHCC97L, as well as 59
clinical samples were isolated by using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA); the RNA purity and con-
centration were determined by using spectrophotometer
(NanoDrop ND-2000). The samples with OD260/280 ratio
higher than 2 were then reversely transcribed using a

Fig. 3 The distribution of up-
and downregulated LncRNAs (a)

and mRNAs (b) on each 100
chromosome in the comparison
between T1 and T2; T1 represents 80

patients who had recurrence
within 1 year after surgical
resection and with outside liver
metastasis; T2 represents patients
who had recurrence after 2 years
of surgical resection and without
outside liver metastasis
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GoScropt " Reverse Transcription System Kit (Promega,
Madison, WI, USA) in accordance with the manufacturer’s
instructions. The expressions of selected LncRNAs were an-
alyzed using qPCR with a Go Taq®qPCR Master Mix kit
(Promega, Madison, WI, USA) on StepOne Plus PCR System
(Applied Biosystems, Carlsbad, CA, USA) with following
cycling parameters: 95 °C for 2 min in the pre-denature stage;
15sat95°C,20s at 60 °C, 20 s at 72 °C (collect the signature
at this step), with a total of 40 cycles; melt curve stage (95 °C
for 15 s, 60 °C for 1 min, and 90 °C for 30 s, with a reading
signature of per 0.3 °C from 60 to 90 °C, system default). 3-
Actin was used as an internal control, and 272CT method was
used to calculate the expression of LncRNAs. The primers are
listed in Table 1.

Statistical analysis

All the data were represented as mean + standard devia-
tion. Student’s ¢ test was used to compare two variables of
microarray data, and P<0.01 was considered statistically
significant. qPCR data were analyzed using Student’s ¢
test with SPSS (version 15) and P<0.05 was considered
as statistically significant.

@B upregulated
1 downregulated

chromosomes

@l upregulated
3 downregulated
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Table 5 Overview of the
subgroups of the differentially Group Expression Sense Antisense Intronic Bidirection Intergenic
expressed LncRNAs in three levels LncRNAs LncRNAs LncRNAs LncRNAs LncRNAs
comparisons as indicated (P1,
T1 vs. NT; P2, T2 vs. NT, P3, P1 Upregulated 63 97 11 28 138
T1 vs. T2) Downregulated 195 289 284 123 404
P2 Upregulated 49 79 16 45 131
Downregulated 126 190 123 80 249
P3 Upregulated 65 126 110 55 173
Downregulated 26 24 5 13 45
Results mRNA transcripts on the microarray was expressed above

Overview of the LncRNA and mRNA profiles in the early
and late recurrent/metastatic HCC tissues

Here, we applied a commercial human LncRNA microarray
(CapitalBio, Beijing, China) to study the characteristic of
LncRNA expression profiles related to the recurrence/
metastasis behavior, by using total RNA isolated from differ-
ent HCC tissues with different recurrence/metastasis poten-
tials, including the primary HCC tissues from patients who
had recurrence within 1 year after surgical resection and with
outside liver metastasis (group T1), the primary HCC tissues
from patients who had recurrence after 2 years of surgical
resection and without outside liver metastasis (group T2),
and the normal liver tissues (group NT, as the control). The
characteristic of LncRNA profiles related to the recurrence/
metastasis was carefully analyzed by comparing T1 group
versus NT group (P1), T2 group versus NT group (P2), and
the T1 group versus T3 group (P3).

Based on the expression level of the LncRNAs, a hierar-
chical clustering analysis was performed to group LncRNAs
and mRNAs (Fig. 1 and Supplemental Fig. 1). The analyzed
results of LncRNA expression profiles are summarized in
Table 2. The comparison of T1 versus NT (P1) and T2 versus
NT (P2) was performed to analyze the tumor-specific
LncRNA profiles, while the identification of recurrence/
metastasis-specific LncRNA profiles was performed through
comparing the T1 and T2 group (P3). The alternation of the
expression levels of LncRNAs was evaluated by fold change.
As shown in Table 2, although there were similar percentages
of LncRNAs and protein-coding mRNAs expressed above the
background, P1 and P2 had more significantly differentially
expressed LncRNAs and protein-coding mRNAs compared
with P3. In the comparison between T1 and T2 group (P3),
73.38 % (27,576 out of 37,581) LncRNAs on the microarray
expressed above background and 4.24 % (1170 out 0of 27,576)
of it were significantly differentially expressed between the T'1
and T2 groups (absolute fold change >2, P<0.05, Table 3). In
those significantly differentially expressed LncRNAs,
84.79 % (992 out of 1170, Table 3) was upregulated. By
contrast, 86.98 % (29,778 out of 34,235) of protein-coding

background, and 3.2 % (953 out of 34,235) of it were signif-
icantly differentially expressed between the T1 and T2 groups;
meanwhile, 54.04 % (515 out of 953) mRNA was significant-
ly upregulated in those differentially expressed protein-coding
mRNAs (Table 3). Interestingly, compared with 20.34 % (362
out of 1780) and 14.41 % (392 out of 2720) upregulated
LncRNAs in P1 and P2, respectively, P3 had 84.79 % (992
out of 1160) upregulated LncRNAs (Table 3). With regard to
the differentially expressed mRNAs (absolute fold change >2,
P<0.05), upregulated mRNAs were more common than
downregulated mRNAs in P2 and P3. The P1 had more down-
regulated protein-coding mRNAs (56.66 %, 1877 out of 3313,
Table 3). Furthermore, our data revealed that less LncRNAs
was detected above the background compared to protein-
coding genes. This result was similar to previous observations
[19, 20] and indicated that the expression of LncRNAs

68(11%)

msense M®antisense mintronic bidirecton mintergenic

Fig. 4 The subgroups of the differentially expressed LncRNAs in the
comparison between T1 and T2; T1 represents patients who had
recurrence within 1 year after surgical resection and with outside liver
metastasis; T2 represents patients who had recurrence after 2 years of
surgical resection and without outside liver metastasis
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exhibited a larger temporal and spatial specificity than protein-
coding genes.

To make a deep insight into the tumorigenesis process of
HCC, we analyzed the LncRNAs which had significant dif-
ference in P1 and P2, but without significant difference in P3
(Table 4). Here, we discovered 1428 and 2108 these kind of
significantly differentially expressed LncRNAs in P1 and P2,
respectively. This portion of LncRNAs may participate in the
tumorigenesis of HCC.

Although, the LncRNAs and mRNA expressed above
background in human HCC tissues were widely scattered on
all chromosomes, it seems that LncRNAs and protein-coding
mRNAs related to the recurrence/metastasis of HCC were not
distributed equally on the all chromosomes. After analysis of
the distribution patterns of differentially expressed LncRNAs
and mRNAs on chromosomes, we found that chromosome 2
(ch2) had the highest percentage of the expression level, al-
tered LncRNAs and protein-coding mRNAs in all the three
comparisons (Figs. 2 and 3, Supplemental Fig. 2 and
Supplemental Fig. 3).

Interestingly, we found that the number of LncRNAs tran-
scribed from X chromosome is much larger in the downregu-
lated group than the upregulated group in all three groups. In
contrast, the number of LncRNAs from all other chromo-
somes seems to be randomly distributed in the up- and down-
regulated groups.

The P3 group had lesser significantly differentially
expressed LncRNAs and protein-coding mRNAs; this may
be because there are more similarities between the early-
metastasis and late-metastasis tissues than that of the cancer
and normal tissues. So, we focus on the P3 group in further
analysis.

LncRNAs classification and subgroup analysis

According to the difference in transcription form, LncRNAs
can be classified or subgrouped to sense LncRNAs, antisense
LncRNAs, intronic LncRNAs, intergenic LncRNAs, and bi-
directional LncRNAs. Many sense LncRNAs, which have the
same transcriptional direction and overlap with exons of
protein-coding genes, can be considered as noncoding tran-
script variants of protein-coding genes [21], and these
LncRNAs can regulate the expression of their associated
protein-coding genes [22]. We found that there were 65 upreg-
ulated sense LncRNAs and 26 downregulated sense LncRNAs
comparing the T1 and T2 groups (P3, Table 5 and Fig. 4).
Anti-sense LncRNAs, which were transcribed against and
overlapping with the protein-coding genes, regulate their
protein-coding counterparts via multiple mechanisms, includ-
ing alternative splicing, chromatin remodeling, translational
interference, translational promotion, and promoter targeting
[23]. As shown in Table 5 and Fig. 4, 126 anti-sense
LncRNAs were significantly upregulated and 24 anti-sense

@ Springer

Fig. 5 The co-expression network of the upregulated LncRNAs (a) and P>
downregulated LncRNAs (b) from the comparison between the patient
groups T1 and T2, with all differentially expressed mRNAs. The
correlation >0.99 or correlation <—0.99 and P<0.05 were recognized as
co-expression. Yellow ring indicates LncRNAs, green ring indicates
mRNAs, red line indicates positive association, and green line indicates
negative association. The size of the node indicates the node degrees (the
number of its neighbors)

LncRNAs were significantly downregulated comparing the
T1 and T2 groups (P3).

Intronic LncRNAs, which transcribed from intronic regions
of protein-coding genes, reside in a large portion of mammalian
transcriptional units [24], could regulate the expression of their
neighborhood genes or host protein-coding genes via a range of
mechanisms, including RNA interference, microRNA, alterna-
tive splicing, chromatin modification, and transcriptional dis-
ruption [25]. In the current study, we identified 110 upregulated
and 5 downregulated intronic LncRNAs comparing the T1 and
T2 groups (P3, Table 5 and Fig. 4).

There are approximately 10 % of known uncoding genes as
bidirectional genes, which have pairs of transcription initiation
sites from two different transcripts that have opposite orienta-
tion but in close proximity (<1000 bp) [26]. Bidirectional
LncRNAs can repress or promote the expression of their
neighboring protein-coding genes by epigenetic modification
[27]. Among the significantly expressed LncRNAs, we found
that there were 55 upregulated LncRNAs and 13 downregu-
lated LncRNAs that possessed a bidirectional pair in the com-
parison of T1 and T2 groups (P3, Table 5 and Fig. 4).

Long intergenic noncoding RNAs (LincRNAs) that are 10-
kb apart from protein-coding genes can modulate the expres-
sion of target genes via directly recruiting histone-modifying
enzymes to the chromatin [28]. Their target genes can scatter
across the genome. We identify 173 upregulated LincRNAs
and 45 downregulated LincRNAs in comparison to the T1 and
T2 groups (P3, Table 5 and Fig. 4).

Construction of the coding-noncoding gene co-expression
network

Based on the correlation analysis between the significantly
differentially expressed LncRNAs and mRNAs, we construct-
ed a coding-noncoding gene co-expression network (CNC
network). CNC network was drawn through the open source
bioinformatics software Cytoscape using LncRNAs and
mRNAs with Pearson correlation coefficients higher than
0.99. We constructed two CNC networks, using up- and
downregulated LncRNAs in each comparison, upregulated
CNC network, and downregulated CNC network. Among
the upregulated CNC network in P3, 315 upregulated
LncRNAs and 111mRNAs composed the CNC network node.
These 426 network nodes made 852 associated network pairs
of co-expression LncRNAs and mRNAs (Fig. 5a). One
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GO other items

G0:0009987 cellular
process

G0:0007582
physiological process

G0:0008152 metabolism

G0:0005623 cell

G0:0044464 cell part

GO other items

G0:0009987 cellular
process

G0:0007582
physiological process

G0:0008152
metabolism

G0:0005623 cell
G0:0044464 cell part
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G0:0030234 enzyme
regulator activity

G0:0040011 locomotion

G0:0002376 immune
system process

G0:0048519 negative

regulation of biological
process

G0:0060089 molecular
transducer activity
G0:0044422 organelle
part
GO:0050896 response
to stimulus

G0:0051234
establishment of
localization

G0:0048518 positive
regulation of biological
process

GO:0051179 localization
G0:0043226 organelle

G0:0032502
developmental process

G0:0032501
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<« Fig. 6 Gene ontology (GO) enrichment analysis of the mRNAs which
was co-expressed with the upregulated (a) and down regulated (b)
LncRNAs from the comparison between the patient groups T1 and T2.
The analysis was performed by the Molecular Annotation System (CB-
MAS) V3.0 (http://bioinfo.capitalbio.com/mas3/)

hundred twenty-one downregulated LncRNAs and 76
mRNAs were included in the downregulated CNC network
to compose the network node. These 197 network nodes made
394 associated network pairs of co-expression LncRNAs and
mRNAs (Fig. 5b). In both of the CNC network, most of the
pairs were presented as positive correlation.

LncRNAs-associated protein-coding genes are more likely
to function in cellular and physiological processes

As mentioned previously, LncRNAs can regulate the expres-
sion of their overlapping or adjacent protein-coding genes in
multiple mechanisms and are often transcribed together with
their associated protein-coding genes. The function of the
LncRNAs may be reflected by the function of their associated
protein-coding genes in some extent. Therefore, through gene
ontology (GO) term enrichment analysis using the protein-
coding genes which is associated with differentially expressed
LncRNAS, we can obtain some hints about the function of the
LncRNAs. According to CNC network, we submitted a list of
110 protein-coding genes associated with upregulated
LncRNAs and 75 protein-coding genes associated with down-
regulated LncRNAs in P3 group to MAS 3.0 system (http:/
bioinfo.capitalbio.com/mas3/). The most relevant GO terms
were enriched in cellular process and physiological process
(Fig. 6a, b). It is indicated that LncRNAs were likely to
perform their function in HCC by regulating cellular
process- and physiological process-related genes.

Validation of the candidate LncRNAs by qPCR

To study the role of LncRNA in the recurrence/metastasis of
HCC, we performed qPCR analysis in the cell lines of
MHCC97H and MHCC97L which have exactly the same ge-
netic background but have different abilities of invasion. We
randomly selected 15 out of the significantly differentially
expressed LncRNAs in P3 and validated their expression
levels in cell lines (MHCC97H and MHCCO97L). In those
LncRNAs, nine of which were upregulated (P23099, P8860,
P14695, P28210, P4091, P6391, P24363, P8725, and P9745)
and six of which were downregulated (P6488, P700, P8611,
P16984, P19780, and P33863). As shown in Fig. 7, compared
with cell line MHCC97L (low metastatic cell line), 11
LncRNAs were upregulated and 4 LncRNAs were downreg-
ulated in the cell line MHCC97H. However, only eight of the
selected LncRNAs are consistent with the microarray data.

1.5+

1.0

0.5

0.0

Relative expression level
(log 10 ratio)

LncRNA

Fig. 7 The validation of 15 differentially expressed LncRNAs in the cell
line MHCC97H and MHCC97L by qPCR analysis. The relative
expression levels of LncRNAs in MHCC97H were calculated by
dividing the expression of corresponding LncRNAs in MHCC 97L,
then transformed to log 10. The relative expression level, which is
higher than 0, indicates upregulated in MHCC97H cell line; while the
relative expression level, which is less than 0, indicates downregulated in
MHCC97H cell line

The expression levels of the LncRNA P24363 (probe num-
ber) in MHCC97H was almost 11 than that of P24363 in
MHCC97L, respectively. P24363, which was upregulated in
MHCC97H cell line and T1, is 372 bp in length with four
extrons and spanning from 121554101 to 121642550 on Ho-
mo sapiens chromosome 9 (alternate assembly CHM1 1.1)
with toll-like receptor 4 isoform D (TLR-4) at the 3’ side with
a distance of 991,120 bp and with bone morphogenetic
protein/retinoic acid-inducible neural-specific protein precur-
sor (BRINP1) at the 5’ side with a distanceof 461,243 bp. The
distance seems too long for P24363 to regulate the expression
of TLR-4 or BRINP1 in the way of trans-regulation.

To further validate the prognostic potential of the identified
LncRNAs, we analyzed the expression levels of LncRNAs
(P6488, P700, P8611), which has been verified at cell line
level, by gPCR in 59 clinical tumor samples (25 of these
samples had out-of-liver invasion and metastasis, but 34 of
these samples had no invasion and metastasis). Here, we find
that LncRNAs P6488, P700, and P8611 were significantly
downregulated in the samples with invasion and metastasis
out of the liver (Fig. 8); these results are well consistent with
the microarray data. Therefore, the LncRNA P6488, P700,
and P8611 might be a potential interesting prognostic bio-
marker for the invasion and metastasis of HCC.

Discussion

In recent years, increasing evidences have demonstrated that
the LncRNAs played important roles in complicated diseases
such as cancer [29]. In solid cancers, the dysregulation of
LncRNAs might be a useful information to predict the pro-
gression of diseases [30] and prognosis [31]. Since the discov-
ering of the first LncRNA HULC in HCC, which was
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Fig. 8 The expression levels of
LncRNAs (P6488, P700, P8611)
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upregulated in HCC and knockdown of which could alter the
expression of 5 genes [11], several LncRNAs have been iden-
tified to involve in the development and progression of HCC,
such as MALT1 [32], TUC388 [33], Dreh [34], LET [35], and
H19 [36]. Here, we have reported the overall LncRNAs ex-
pression profiles of primary HCC tissues with different
recurrence/metastasis potentials, as well as the normal liver
tissues; meanwhile, we also systematically analyzed the char-
acteristic of LncRNA profiles associated with the recurrence/
metastasis behavior of HCC by comparing the differentially
expressed LncRNAs between groups T1 and T2. Such infor-
mation will facilitate other researchers to explore the function
of LncRNAs in HCC development, invasion, and metastasis.
Similar works have been reported by Zhu et al. [37] but with
different focus; in their analysis, they applied three pairs of
HCC tumor tissues and adjacent nontumor tissues to uncover
the LncRNAs that involved in the oncogenesis of HCC; but
here, we focus more on the LncRNAs that are involved in the
invasion and metastasis of HCC.

Compared with protein-coding genes, LncRNAs are gen-
erally expressed at low levels and are most likely to show
tissue-specific expression pattern [38, 39]. To compare the
overall expression profiles of LncRNAs and mRNAs in
HCC invasion and metastasis, we employed microarrays con-
taining both LncRNA and mRNA probes to detect the expres-
sion of LncRNAs and mRNAs simultaneously. Consisted
with previous reports, we found that about 70 % LncRNAs
were expressed above background in HCC tissues, while more
than 80 % mRNAs were expressed above the background
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(Table 2). In our study, there are more differentially expressed
mRNAs than LncRNAs.

Hereditary susceptibility is one of the main etiologic factors
of HCC. Recent studies have reported that there are suscepti-
ble genes to HCC in some chromosomes, such as Maelstrom
located on chromosome 1 could promote the HCC metastasis
via Akt/GSK-33/snail signaling pathway [40] and STAT4 lo-
cated on chromosome 2 is a risk factor for HBV-related HCC
[41]. Additionally, Jiang et al. identified a susceptibility locus
at Xq22.1 for HBV-related HCC [42]. Here, we found that the
significantly differentially expressed LncRNAs were not
equally distributed on all chromosomes (Fig. 2). Compared
with the other chromosomes, chromosomes 1 and 2 had
higher percentage of dysregulated LncRNAs and protein-
coding mRNAs. Therefore, the chromosomes 1 and 2 might
exist susceptible LncRNAs to the tumorigenesis, invasion,
and metastasis of HCC.

In this study, we identified 1780 and 2720 significantly
differentially expressed LncRNAs by comparing the T1 and
T2 groups with NT group, respectively, while only 1170 dif-
ferentially expressed LncRNAs by comparing the expression
between T1 and T2 (Table 3). Since the function of LncRNAs
cannot be inferred from the sequences or structures as we do
for protein-coding genes or miRNAs, the functions of
LncRNAs have to be predicted via genomic association anal-
ysis with protein-coding genes for the reason that LncRNAs
often regulate the expression of their neighborhood or over-
lapped protein-coding genes [43]. Based on the genomic rela-
tionship between the LncRNAs and the protein-coding genes,
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we have classified the LncRNASs as sense, antisense, intronic,
bidirectional, and intergenic [9] and analyzed the genomic
context of differentially expressed LncRNAs. We found that
all of the five categories could be examined in the differential-
ly expressed LncRNAs (Table 5 and Fig. 4), and this is well
consistent with the report by Zhu et al. [37]. Strikingly, we
found that nearly one third of them were long intergenic non-
coding RNAs (LincRNAs) in all comparison. It indicated that
LincRNAs were more abundant than other classes of
LncRNAs in HCC, and they might be the major functional
LncRNAs during HCC progression. To further define the
function of LncRNAs in the tumorigenesis and development
of HCC, we performed GO enrichment analysis by using
protein-coding genes which are associated with differentially
expressed LncRNAs. We found that the protein-coding genes
that are associated with LncRNAs were inclined to be
enriched in cellular process, physiological process, and me-
tabolism (Fig. 6). The metastasis of tumor is resulting from a
complicated systematic change of the cancer cells, including
epithelial to mesenchymal transition (EMT) in which cancer
cells become mesenchymal and motile, invades into the sur-
rounding matrix and migrates away from the primary tumor
site, seeding in the nearby tissue or secondary organs and
overgrowth to form tumor again [44]. Changes in the cyto-
skeleton, signaling pathway, and energy metabolism are need-
ed to complete the metastasis. It is not a surprise in our study
that the LncRNAs-associated protein-coding genes were
enriched in cellular process, physiological process, and
metabolism.

Overall, we studied the characteristic of LncRNA expres-
sion profiles which are related to the recurrence/metastasis of
HCC through using microarray assay and provided valuable
information for further study the roles of LncRNAs in HCC,
as well as the underlying molecular mechanisms.
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