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Abstract: Long noncoding RNAs (IncRNAs) is crucial for various human cancers, but the function and mechanism
of IncRNAs is largely unknown in human intrahepatic cholangiocarcinoma (ICC), the second most common liver
cancer. In this study, we performed transcriptomic profiling of ICC and normal tissues, and found 2148 IncRNAs
and 474 mRNAs were significantly upregulated, whereas 568 IncRNAs and 409 mRNAs were downregulated in ICC
tissues. Enrichment analysis suggests these differentially expressed genes mainly focus on response to stimulus,
development, and cell proliferation. Further, potential IncRNAs involved in five signaling pathways (ERBB, JAK/STAT,
MAPK, VEGF and WNT) were constructed by highly co-expressed with mRNAs in these signaling pathways. The dif-
ferentially expressed INcRNA-mRNA co-regulated signaling pathways in ICC were further confirmed by INcCRNA target
prediction. Finally, the differentially expressed IncRNAs were confirmed by quantitative real-time PCR in 32 paired
ICC and adjacent tissues. The correlation analysis between the expression levels of INCRNAs and clinicopathologic
characteristics showed that EMP1-008, ATF3-008, and RCOR3-013 were observed significantly downregulated in
ICC with tumor metastasis. These findings suggested that INcCRNA expression profiling in ICC is profoundly different
from that in noncancerous tissues, and IncRNA may be used as a potential diagnostic and prognostic biomarker for
ICC metastasis.
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Introduction

Intrahepatic cholangiocarcinoma (ICC), the sec-
ond most common liver cancer following hepa-
tocellular carcinoma (HCC), accounts for 5%-
10% of all primary liver cancers [1, 2]. Recently,
the morbidity and mortality of ICC patients
have greatly increased worldwide [3, 4]. Since
highly molecular heterogeneous, it has been
reported as poor prognosis and limited thera-
peutic options for ICC patients. One third of ICC
tumors are amenable to surgical resection, but
most cases are diagnosed at advanced stages
and chemotherapy as the only established
standard of practice [2]. Currently, no molecu-
lar therapies are available for the treatment of
this neoplasm. Poor understanding of ICC and
lack of known oncogenic addiction loops has
hindered the development of effective target-

ing therapies. Diagnostic methods for ICC need
to be improved, especially for biomarkers. The
carbohydrate antigen CA-199 and CA-125 as
serum tumor markers are frequently used [5],
however as the low sensitivity and specificity,
they are not suitable for monitoring disease pro-
gression. As compared with noncancerous bili-
ary epithelial cells, Obama et al. found the dif-
ferent gene expression pattern in ICC [6],
whereas no molecular target was obtained for
ICC diagnosis. Thus, exploring novel biomarkers
especially epigenetic markers such as noncod-
ing RNAs are urgently needed for early diagno-
sis of human ICC.

Long noncoding RNAs (IncRNAs) are a subgroup
of noncoding RNA transcripts that are larger
than 200 nt and have no protein-coding capac-
ity [7]. Unlike microRNAs, the length of IncRNAs
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allows them to fold into intricate structures,
and function as RNA sequences by themselves
through secondary and tertiary structural deter-
minants. The intrinsic ability of IncRNAs to
interact with DNA, RNA and proteins by acting
as guides, tethers, decoys and scaffolds offers
the most compelling explanation for regulating
gene expression, including epigenetic tran-
scriptional control as associated with chroma-
tin remodeling complexes [8], splicing [9],
translation [10] and protein stability. Generally,
IncRNA transcripts exhibit low-level but tissue-
specific expression and poorly conserved [11].
Recently, several studies have shown the im-
portance of IncRNAs to normal physiology as
well as to gene expression regulation, by modu-
lating key cellular processes such as cell prolif-
eration, senescence, migration and apoptosis
[12]. The critical role of a large number of Inc-
RNAs have been observed in a variety of bio-
logical processes, even in stem cells [13, 14].
Moreover, increasingly experimental evidences
suggest the connections between IncRNA and
microRNAs. A new function for IncRNAs has
become apparent from their ability to regulate
microRNA activity by acting as either competi-
tive endogenous RNAs or sponges for microR-
NAs [15].

Furthermore, it has been found that aberrant
IncRNA expression in various types of cancers
[16-18] may be associated with metastasis and
disease prognosis [19]. The expression of spe-
cific IncRNAs with oncogenic features is closely
linked to the capability of promoting matrix
invasion of cancer cells and tumor growth [20],
suggesting INcRNAs have the potential to serve
as diagnostic markers and therapeutic targets
for cancers. Emerging studies have revealed
that Malatl is highly expressed in many malig-
nant diseases including liver cancer, and con-
tributes to enhancing cell migration or facilitat-
ing proliferation [21]. Furthermore, IncRNA
metallothionein 1D (MT1DP) was found as a
tumor suppressor. Overexpression of MT1DP
resulted in reduced cell proliferation and colony
formation in soft agar, and increased apoptosis
in liver cancer cells [22]. Another study report-
ed one IncRNA, highly up-regulated in liver can-
cer (HULC), promotes angiogenesis in liver can-
cer through miR-107/E2F1/SPHK1 signaling
[23]. Recently, a novel IncRNA, down-regulated
in liver cancer stem cells (Inc-DILC) was identi-
fied as mediating the crosstalk between TNF-a/
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NF-kB signaling and autocrine IL-6/STAT3 cas-
cade, and connecting hepatic inflammation
with LCSC (liver cancer stem cells) expansion,
which suggested that Inc-DILC is not only a
potential prognostic biomarker, but also a pos-
sible therapeutic target against LCSCs [24].

In ICC, carbamoyl-phosphate synthase 1 (CP-
S1) and its IncRNA CPS1 intronic transcript 1
(CPS1-IT1) were observed to be upregulated
and served important roles in ICC by promoting
the proliferation of ICC cells. Furthermore,
CPS1 and CPS1-IT1 were associated with poor
liver function and reduced survival rates, and
may be potential prognostic indicators for
patients with ICC [25]. Recently, it has been
reported that the IncRNA expression profiling in
ICC tissues is profoundly different from that in
noncancerous tissues, suggesting INcRNA as a
potential diagnostic and prognostic biomarker
for ICC [26].

In this study, we performed profiling of IncRNA
and mRNA through microarray analysis to de-
termine their association with molecular char-
acteristics of ICC especially for metastasis.
Results showed that 2716 of IncRNAs and 883
of mRNAs were differentially expressed in ICC
tissues as compared with paired noncancerous
tissues. Through correlation analysis and Inc-
RNA target prediction, the co-regulated signal-
ing network of IncRNAs and mRNA were con-
structed. The correlation between clinical char-
acteristics and expression level of IncRNAs was
clearly confirmed in more ICC samples. These
observations suggest that a larger number of
INcRNAs may contribute to the development
and progression of ICC especially for metasta-
sis, integrated analysis of INcRNA-mRNA pro-
files might provide new biomarkers and targets
for ICC diagnosis and treatment.

Methods
Tissue samples of ICC patients

There were thirty-two of ICC patients and four
of normal patients were included in the present
study in Xinhua Hospital Affiliated to Shanghai
Jiao Tong University (Shanghai, China). We col-
lected and immediately frozen the tissues in
liquid nitrogen. The paired noncancerous tis-
sues were > 2 cm distant from the tumor.

This study was approved by the ethics commit-
tee of Xinhua Hospital Affiliated to Shanghai
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Table 1. The information of 4 ICC sample and 4 normal samples used in microarray

D Gender Age Diagnosis CA199 AFP CEA CA125 CA153 CAT724 CA242
(U/ml) (Iu/ml)  (ng/ml)  (U/ml) (U/ml) (U/ml) (U/ml)

T475 M 43 ICC 76.9 3.2 1.6 10.2 19.41 2.4 29.9

1553 M 62 ICC 40.2 1.5 3 24.1 11.35 1.4 18.2

1816 M 48 ICC 66.3 3.3 8 14.5 13.15 3.1 17

T012 F 51 ICC 355.6 26.9 1.3 31.6 26.73 22.6 88.01

C913 F 49  Normal 2039 1.37 0.69 50.51 9.85 1.04 13.19

C001 M 41 Normal 92.94 0 0 0 0 0 0

C339 F 58 Normal 25.6 1.25 2.27 2.37 8.15 184.6 107.82

C910 M 42 Normal 9.73 3.89 0 0 0 0 0

Table 2. The information and primers for 4 IncRNAs used in gRT-PCR

nGRNA Accession NONHSAT NONHSAT NONHSAT NONHSAT

- 027037 009381 009284 009859

Chromosome Chr.12 Chr.l Chr.1 Chr.l

Start 13349659 212786777 211477352 226044404

End 13368329 212794119 211486367 226047241

Strand + + +

ENSEMBL ENST ENST ENST ENST
00000542289 00000492118 00000528066 00000487971

Gene Symbol EMP1-008 ATF3-008 RCOR3-013 TMEMG63A-005

Sig. Down Down Up Up

Forward primer GCTGGGACCCTTCAGAACTC ~ GAGACTTGCCAGAGGGCTTC ~ GCGCTTTGGAAAATGTCTGTCT — TTCTGACCCACCTAAGCCAC

Reverse primer GGCTTCCAGGCTTAGCGTAT ~ TGGCCCCAATTTGGAAGAGT ~ CTGCTCCTCTGTGGTCCAAC ~ TGATCGGGTTATTCAGCGCA

Jiao Tong University, and all participants were
informed of the requirements and provided
written consent. The study procedures were
carried out in accordance with the approved
programs.

LncRNA and mRNA profiling

The IncRNA and mRNA expression profiling was
carried out with 4 of ICC tissues and 4 of nor-
mal tissues using INcRNA and mRNA microar-
ray (Agilent Human IncRNA 4*180 K, Design ID:
062918), which included 78,243 probes for
IncRNAs and 32,776 probes for coding tran-
scripts. The IncRNA probes on microarray were
designed according to the known IncRNAs from
BroadIncRNA, RefSeq, ENSEMBL, IncRNAdb,
NONCODE (V4) and frnadb (V3.4). Total RNA
was quantified by the NanoDrop ND-2000
(Thermo Scientific) and the RNA integrity was
assessed using Agilent Bioanalyzer 2100 (Ag-
ilent Technologies). The sample labeling, micro-
array hybridization and washing were perfo-
rmed based on the manufacturer’'s standard
protocols. Then, the arrays were scanned by
the Agilent Scanner G2505C (Agilent Techno-
logies). Feature Extraction software (version10.
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7.1.1, Agilent Technologies) was used to ana-
lyze array images to get raw data. Genespring
were employed to finish the basic analysis with
the raw data. To begin with, the raw data was
normalized with the quantile algorithm. The
probes that have 75% flags in “P” at both condi-
tions were chosen for further data analysis.
Differentially expressed genes or INcCRNAs were
then identified as a fold change > 2.0 and a P
value < 0.05.

ORT-PCR analyses

Total RNA was extracted from 32 pairs of snap-
frozen ICC tissues and matched noncancerous
tissues using TRIzol reagent (Invitrogen, Cali-
fornia) according to the manufacturer’s proto-
col. The first strand cDNA synthesis was syn-
thesized by M-MLV Reverse Transcriptase
(Takara Biotechnology Co., Ltd., Dalian, China)
with 1 pg total RNA according to the manufac-
turer’s instructions. The qRT-PCR included 40
cycles of amplification was performed with
SYBR® Premix Ex Tag™ Il (Takara Biotechnology
Co., Ltd., Dalian, China) on Mx3000P QPCR
System (Agilent Technologies, Inc., USA). Ex-
pression of target genes (224°Y) was normalized
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Figure 1. Relationship of the transcriptomes for 4 ICC sample (T) and 4 normal samples (C). A. The PCA plot ex-
plained by first principle component and second principle component by using profile of all MRNAs expression after
filtering low signal. B. The PCA plot explained by first principle component and second principle component by using
profile of all INcRNAs expression after filtering low signal. C. The heatmap plot by using top 3000 varied mRNAs. D.

The heatmap plot by using top 3000 varied IncRNAs.

against GAPDH [27]. The primer sequences
used are listed in Table 2. QRT-PCR was per-
formed in 32 pairs of samples (tumor and adja-
cent tissues).

Enrichment analyses

The enrichment analyses of GO and KEGG path-
way for differentially expressed gene (DEG) sets
were completed by DAVID web servers [28] and
Cytoscape app [29]. We used the BINGO app to
exhibit GO enrichment accompanied with GO
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hierarchy [30], and presented results of KEGG
pathway analysis as a rich factor plot. To extend
into the whole transcriptome, the GSEA analy-
sis was used [31].

Regulatory network construction for IncRNA-
mMmRNAs

To investigate the relationship between Inc-
RNAs and mRNAs, we constructed the IncRNA-
MRNA co-regulated network using differentially
expressed IncRNAs and mRNAs. Pearson cor-

Am J Cancer Res 2017;7(3):688-699
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Figure 2. The DEGs between ICC samples and normal samples and gene enrichment analysis of DEG mRNAs. A. The
volcano plot for DEGs between ICC sample and normal sample, x-axes index the log foldchange and y-axes index the
-log (P_value), circle node stand for mRNA and cross node stand for IncRNA. B. The BiNGO plot (cytoscape app) in
GO_BP for DEG mRNAs. C. The BiNGO plot (cytoscape app) in GO_MF for DEG mRNAs. D. The BiNGO plot (cytoscape
app) in GO_CC for DEG mRNAs.

relation coefficients (PCCs) were calculated to > 0.95 were considered meaningful. LncTAR, a
explore the correlations between the expres- bioinformatics method, was used to filter rela-
sion levels of INcRNAs and mRNAs with abs(PCC) tionship between IncCRNA and targets. Finally,
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Figure 3. KEGG pathway enrichment analysis of DEG mRNAs and GSEA plot for signaling pathway. A. The rich factor
plot of KEGG pathway enrichment analysis result. (The degree of color stands for the P value; size of node stands
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for the gene count in this item). B. GSEA plot for KEGG JAK/STAT signaling pathway in log, fold change for whole
transcriptome. C. GSEA plot for KEGG WNT signaling pathway in log, fold change for whole transcriptome. D. GSEA
plot for KEGG ERBB signaling pathway in log, fold change for whole transcriptome. E. GSEA plot for KEGG VEGF
signaling pathway in log, fold change for whole transcriptome. F. GSEA plot for KEGG MAPK signaling pathway in log,

fold change for whole transcriptome.
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Figure 4. ICC special IncRNA-mRNA regulator net-
work in signaling pathway. In the network, a red node
represents up-regulated genes, and a blue node
represents down-regulated genes. The square node
represents mRNA, while a circle node represents In-
cRNA.

the co-regulated network was constructed
using the package igraph in R, while red and
blue nodes represent up-regulated and down-
regulated genes, respectively. The square node
represents mRNA, while a circle node repre-
sents IncRNA.

Results
Expression profiling of IncRNAs and mRNA

The expression patterns including mRNA and
IncRNAs between 4 ICC tumors (T) and 4 nor-
mal tissues (C) were obtained by Agilent Human
IncRNA 4*180 K microarray. The raw data con-
tains 78,243 probes for IncRNAs and 32,776
probes for coding transcripts, respectively.
After filtering the low signal level probes (less
than 75% flags of “P” in both groups), only
27,532 and 51,695 probes were remain to
stand for expression level of 17,575 mRNAs
and 51,674 IncRNAs. The most varied probe
with largest standard deviation among differ-
ent probes for the same gene was collected to
stand for expression level of given gene.
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The transcriptomic patterns of 8 samples as
presented with PCA plots of IncRNA and mRNA
respectively (Figure 1A and 1B), showed that
the expression level of both mRNA and IncRNA
can classify the ICC and normal samples except
for C913 and TO12. Interestingly, the IncRNA
PCA plot can better grouped the samples of ICC
and normal, suggesting that IncRNA may have
more potential for predicting ICC. Then, the top
3000 varied genes from mRNA and IncRNA
were chose to plot heatmaps, respectively.
Results showed that heatmaps by IncRNAs can
clearly cluster samples into two groups expect
for sample C913 and TO12, while the heatmaps
by mRNA failed (Figure 1C and 1D). These find-
ings suggested that more underlying informa-
tion of IncRNAs than mRNA to be associated
with the pathogenesis of ICC. Sample TO12 is a
female ICC patient of 49 years old, while C913
is female hepatolithiasis patient. Both of them
have high level of CA199 (355.6 U/ml and
2039 U/ml), indicated a high potential to intes-
tinal cancer (Table 1). These might partially
explain the similarity in the expression profiling
of C913 and TO12 whereas not similar to other
ICC samples.

Differentially expressed genes (DEG)

The t test for two independent samples were
used to detect the differentially expressed
genes (fold change > 2; P value < 0.05), and the
volcano plot showed the pattern of differential-
ly expressed IncRNAs and mRNA (Figure 2A).
As compared with normal tissues, in ICC there
were 2148 and 568 IncRNAs significantly
upregulated and downregulated respectively,
while 474 and 409 mRNAs significantly upregu-
lated and downregulated respectively (Table
S1). The most significantly down-regulated cod-
ing and non-coding genes were FGF19 with log,
(fold change of T/C) = -5.63 and NONHSA-
T017390 (Processed transcript of MUC5) with
log, (fold change of T/C) = -5.93, while the most
up-regulated coding and non-coding genes
were VTCN1 with log, (fold change of T/C) =
4.82 and NONHSAT096845 (Retained intron of
ALB) with log, (fold change of T/C) = 5.32.

Am J Cancer Res 2017;7(3):688-699
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Boxplot for 32 ICC samples

genes in a given pathway for
expression profiles [32]. The

. GSEA plot showed that ICC
° “ samples tend to express less in
=] ; ERBB, JAK/STAT, MAPK, VEGF
: — and WNT signaling pathway, by
#, ' compared with normal tissues
~ 2 — e (Figure 3B-F).
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Figure 5. Boxplot for 4 IncRNAs in 32 ICC samples.

Enrichment analysis of DEG mRNAs

Gene ontology analysis was performed to
assess gene and gene product enrichment in
terms of biological processes, cellular compo-
nents, and molecular functions by BINGO app
in cytoscape [30]. The upregulated and down-
regulated genes were involved in a variety of
processes, including response to stimulus, sys-
tem development, signaling and cell prolifera-
tion (Figure 2B), which tends to be located at
plasma membrane part, proteinaceous extra-
cellular matrix and platelet alpha granule lumen
(Figure 2C). These DEG mRNAs tend to func-
tions as zinc ion binding, growth factor activity,
sequence-specific DNA binding, oxygen trans-
porter activity and protein kinase regulator
activity (Figure 2D).

KEGG pathway enrichment analysis completed
by DAVID web server [28] indicated that the
DEGs tend to be involved in various cancers
(melanoma, small cell lung cancer, pancreatic,
colorectal, prostate and bladder), several sig-
naling pathways (insulin, MAPK, adipocytokine,
WNT, TGF-B, ERBB, P53, VEGF and JAK/STAT),
and adhesion pathway (Figure 3A). To expand
DEGs into whole transcriptomes, the GSEA
analysis was used to test the tendency of all
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with targets mRNAs by defined

of abs (PCC) > 0.95, which fo-

und 710 IncRNAs and 993

INcRNA-mRNAs pairs in co-ex-
pression networks. We collected the sequence
information of mMRNAs and IncRNAs from data-
bases of BroadIncRNA, RefSeq, ENSEMBL,
IncRNAdb, NONCODE (V4) and frnadb (V3.4).
The bioinformatics method of LncTAR [33] were
used to filter relationship between IncRNA and
targets with parameter of ndG < -10. The final
special regulator-signaling network mediated
by IncRNAs in ICC contains 37 mRNAs, 135
IncRNAs and 142 IncRNAs-mRNAs pairs, which
was shown by igraph, a package of R (Figure 4).
All regulating pairs of IncRNA and mRNAs were
stored in Table S2.

Quantitative real-time PCR (QRT-PCR) valida-
tion

We next focused on extending the microarray
results into 32 pairs of ICC samples and adja-
cent tissues to validate the expression pattern
in ICC. The criteria of candidate IncRNAs includ-
ed that 1) with annotation in Encode database
(V4), 2) with high expression level (more than 5,
easy to be detected), 3) with fold change of
expression level more than 4, and 4) with highly
significant difference (P < 0.01). Two up-regu-
lated IncRNAs (NONHSAT009284: RCOR3-013
and NONHSAT009859: TMEMG63A-005) and
two down-regulated IncRNAs (NONHSATO27-
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Table 3. The association between relative expression level of 4 IncRNAs and clinicopathologic character-

istics
EMP1-008 ATF3-008 RCOR3-013 TMEMG63A-005
95% ClI 95% Cl 95% Cl 95% ClI
Variable N Mean SD ———— an SD —————————— Mean SD ————————— Mean SD
P. value P. value P. value P. value

Age (y)

<60 19 263 451 (-3.14,3.60) -0.09 3.54 (-1.43,358) 134 3.57 (-2.33,2.58) 0.47 1.99 (-1.653, 1.777)

>60 13 24 4.68 0.89 -1.17 3.9 0.388 1.22 298 0.917 0.41 2.77 0.941
Gender

F 15 1.82 485 (4.62,194) -0.02 3.72 (-1.51,3.43) 0.71 34 (-3.47,1.30) 0.35 1.77  (-1.869, 1.504)

M 17 316 4.23 0.412 -0.98 3.12 0.431 1.8 3.21 0.359 0.53 2.73 0.826
Adbominal_pain

0 18 261 433 (-3.16,351) -082 3.03 (-3.17,1.83) 0.83 2.99 (-3.46,1.34) 0 2.5 (-2.672,0.638)

1 14 244 4.89 0.917 -0.15 3.89 0.586 1.89 3.66 0.374 1.02 1.93 0.219
Cirrhosis

0 26 271 469 (-3.28,5.17) -0.87 355 (-4.94,1.29) 1.02 3.5 (-4.49,1.60) 0.81 191 (-0.079, 3.984)

1 6 1.77 3.9 0.652 0.95 2.23 0.241 2.47 1.95 0.34 -1.14  3.27 0.059
Hepatitis

0 18 252 448 (-3.37,3.30) -094 336 (-3.42,1.55) 1 311 (-3.09,1.75) 0.49 214  (-1.597, 1.798)

1 14 255 4.72 0.983 0 3.49 0.448 1.67 3.59 0.575 0.39 2.56 0.905
CA199 (U/ml)

0(<40) 14 275 431 (-2.96,3.71) 0.16 3.07 (-1.25,3.69) 1.36 3.39 (-2.32,2.55) -0.23 231 (-2.848,0.426)

1(>40) 18 237 4.78 0.819 -1.06 3.62 0.321 1.24 331 0.923 0.98 2.2 0.141
AFP (IU/ml)

0(<20) 26 274 46 (-3.13,5.31) -0.32 3.66 (-2.06,4.27) 158 3.39 (-1.53,4.55) 0.78 1.69 (-0.31, 3.80)

1(=20) 6 1.65 4.37 0.603 -1.42 178 0.482 0.07 2.73 0.319 -0.97 3.93 0.094
CEA (ng/ml)

0(<5) 27 211 467 (716,1.73) -0.75 3.25 (-4.79,1.99) 118 3.4 (-4.03,2.60) 0.32 2.39 (-3.11, 1.49)

1(=5) 5 482 2.86 0.222 0.65 4.33 0.407 1.89 2.9 0.664 1.13 1.71 0.48
CA125 (U/ml)

0(<35) 22 2.9 4.04 (-2.38,4.70) -0.73 298 (-3.31,2.04) 119 297 (-2.92,2.29) 0.36 242 (-2.086, 1.543)

1(=35) 10 1.74 5.56 0.509 -0.09 432 0.633 151 4.08 0.807 0.64 2.1 0.762
CA153 (U/ml)

0(<25) 26 259 42 (-3.92,4.55) -0.2 3.17 (-1.37,4.87) 1.01 291 (-4.54,1.54) 0.68 1.88 (-0.86, 3.35)

1(=25) 6 2.28 6.13 0.88 -1.95 4.27 0.261 251 477 0.322 -0.56  3.67 0.236
CA724 (U/ml)

0(<10) 27 243 45 (5.22,3.88) -0.73 3.34 (-4.66,2.14) 112 3.38 (4.38,2.22) 071 1.89 (-0.59, 3.88)

1(=10) 5 31 5.03 0.765 0.54 3.85 0.454 22 292 0.509 -0.94 384 0.144
CA242 (U/ml)

0(<20) 19 3 3.98 (-2.18,4.50) 0.07 3.3 (-1.00, 3.95) 1.5 3.12  (-1.94,2.96) 0.4 2.27  (-1.840, 1.589)

1(>20) 13 185 5.28 0.485 -1.41 347 0.233 0.99 3.63 0.673 0.52 242 0.882
Tumor_size (cm)

0(<5) 16 3.32 4.37 (-1.69,4.83) 0.1 299 (-119,3.70) 109 269 (2.81,2.01) 0.9 162 (-0.743,2.557)

1(>5) 16 1.75 4.65 0.332 -1.16  3.74 0.304 149 3.88 0.739 0 2.8 0.271
Tumor_metastasis

0 21 395 415 (0.99, 7.24) 0.79 3.13 (1.63,6.03) 219 314 (0.28,4.97) 0.43 2.39 (-1.823, 1.724)

1 11 -0.17 4.05 0.012 -3.04 235 0.001 -0.43 298 0.03 0.48 2.22 0.955
Tumor_number

Single 21 248 444 (-3.65,3.32) -0.6 3.24 (-2.83,2.41) 151 338 (-1.90,3.16) 0.24 1.99 (-2.357, 1.161)

Mulitple 11 2.64 4.86 0.925 -0.39 3.84 0.869 0.88 3.23 0.613 0.84 2.85 0.493
HBsAg

0 24 259 428 (3.62,4.02) -0.78 328 (3.84,1.86) 126 3.25 (2.92,2.66) 051 239 (-1.709,2.178)

1 8 2.38 547 0.914 0.21 3.84 0.484 1.39 3.63 0.926 0.27 211 0.807
CK18

0 18 1.67 418 (-5.23,1.27) -1.66 3.12 (-4.90,-0.26) 0.97 3.17 (-3.16,1.68) 0.12 2.73  (-2.422,0.928)

1 14 3.65 4.82 0.223 092 3.27 0.03 1.71 351 0.535 0.87 1.57 0.37
CK19
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0 25 229 462 (5.11,2.86) -0.91 3.28

1 7 341 431 0.568 0.83 3.7
CD10

0 24 24 439 (4.33,3.30) -037 3.49

1 8 292 515 0.784 -1 3.26
OPN

0 17 191 4.89 (-4.62,1.94) -0.64 3.38

1 15 324 4.08 0.412 -0.41  3.52

(-4.68,1.20) 12 328 (3.34,2.49) 018 249 (-3.204,0.768)
0.237 163 356 0.767 14  1.06 0.22

(2.24,3.49) 153 313 (-1.82,3.71) 0.79 1.85 (-0.495,3.257)
0.66 059 3.86 0.492 059 3.3 0.143

(2.72,2.27) 121 313 (2.59,2.24) 019 215 (-2.236, 1.114)
0.854 139 357 0.883 0.75  2.49 0.499

037: EMP1-008 and NONHSAT009381: ATF3-
008) were chose to be confirmed using qRT-
PCR with primers shown in Table 2. We obs-
erved the same expression patterns as micro-
array analysis between ICC tumors and adja-
cent tissues for RCOR3-013 (95% CI (0.106,
2.479), P = 0.034) with statistical significance,
ATF3-008 (95% CI (-1.753, 0.694), P = 0.385)
and TMEM63A-005 (95% CI (-0.379, 1.276), P
= 0.278) without statistical significance. EMP1-
008 was unexpectedly up-regulated in ICC
tumors (95% Cl (0.908, 4.160), P = 0.003),
which maybe due to high false positive of micro-
array. The expression patterns of these four
INncRNAs were shown in Figure 5.

Correlation analysis of IncRNAs with clinico-
pathologic characteristics

We further analyzed the associations between
the expression levels of IncRNA and various
specific clinicopathologic characteristics of ICC
patients. The -AACT values were used to stand
for the relative expression level of IncRNAs
(Table 3). Interestingly, ICC samples with tumor
metastasis tend to expressed in lower levels of
EMP1-008 (95% CI (0.99, 7.24), P = 0.012),
ATF3-008 (95% CI (1.63, 6.03), P = 0.001) and
RCOR3-013 (95% CI (0.28, 4.97), P = 0.030),
while no significant association with size and
number of tumors and markers was found.
Among the several protein levels of immunohis-
tochemical experiments (HBsAg, CK18, CK19,
CD10 and OPN), only the high expression level
of ATF3-008 were associated with CK18 posi-
tive samples (95% ClI (-4.90, -0.26), P = 0.03).
However, there were no significant correlation
for the four IncRNAs and gender, age groups
and biomarker of tumors (CA199, AFP, CEA,
CA125, CA153, CA724, CA242), suggesting
that these four IncRNAs provide independent
information of these tumor biomarkers.

Discussion

As the second most common liver cancer, the
morbidity and mortality of ICC patients have
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greatly increased worldwide [3, 4]. Exploring
novel biomarkers especially epigenetic mark-
ers such as noncoding RNAs are urgently need-
ed for early diagnosis of human ICC. Accu-
mulating data demonstrates IncRNAs with piv-
otal roles in gene expression regulation and
tumor progression. However, little is known
about the expression patterns and functions of
IncRNAs in ICC. Here, we found that IncRNA
expression profile of ICC is profoundly different
from noncancerous tissues, and IncRNA may
be used as a potential diagnostic and prognos-
tic biomarker for ICC metastasis.

LncRNAs, as a kind of noncoding RNA more
than 200 nt [7], can interact with DNA, RNA
and proteins by acting as guides, tethers,
decoys and scaffolds offers the most compel-
ling explanation for regulating gene expression
[8-10]. In combination with bioinformatics and
integrated analyses of differentially expressed
IncRNAs and mRNAs between ICC and normal
samples, we firstly constructed IncRNA-mRNA
co-regulated signaling pathways in human ICC.
They were predicted to be involved in a variety
of processes, including response to stimulus,
system development, signaling, and cell prolif-
eration. KEGG pathway enrichment analysis
indicated that the DEGs tend to be involved in
ICC associated and pivotal signaling pathways
such as ERBB, JAK/STAT, MAPK, VEGF and
WNT signaling [34]. However, the exact co-regu-
latory function and mechanism of IncRNA-
MRNA remains to be investigated.

Recently, it has been reported that IncRNAs
can modulate key cellular processes such as
cell proliferation, senescence, migration and
apoptosis [12]. Furthermore, it has been found
that aberrant IncRNA expression may be asso-
ciated with cancer metastasis and disease
prognosis [19]. In ICC, only one study found
that CPS1 and its IncRNA CPS1-IT1 could pro-
mote the proliferation of ICC cells [25], suggest-
ing IncRNA as a potential diagnostic and prog-
nostic biomarker for ICC. Here, metastasis
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tumor tended to show low expression levels of
EMP1-008, ATF3-008 and RCOR3-013, provid-
ing diagnostic and prognostic potential for ICC
with metastasis. Wang and his colleagues iden-
tified 290 IncRNA-mRNA pairs involving in ICC
through co-expression and cis-regulation within
10 k windows. This study discovered 142 news
INcRNAs-mRNAs pairs in ICC from co-expres-
sion and trans-regulation by LncTar.

In conclusion, through integrated analysis of
IncRNA and mRNA profiling with molecular
characteristics of ICC, we found that 2716 of
IncRNAs and 883 of mRNAs were differentially
expressed in ICC tissues as compared with
paired noncancerous tissues. Furthermore,
with correlation analysis and IncCRNA target pre-
diction, we constructed the co-regulated signal-
ing network of INncRNAs and mRNA. These find-
ings suggest that IncRNAs may contribute to
the development and progression of ICC espe-
cially for metastasis, providing new and poten-
tial diagnostic biomarkers and treatment tar-
gets for human ICC.
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