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Abstract

Background: Long noncoding RNAs (lncRNAs) are known to play important roles in different cell contexts, including
cancers. However, little is known about lncRNAs in cholangiocarcinoma (CCA), a cholangiocyte malignancy with poor
prognosis, and associated with chronic inflammation and damage to the biliary epithelium. This study determined
whether lncRNAs were dysregulated and participated in disease diagnosis or pivotal inflammation pathways through
a genome-wide lncRNA screening and functional analysis.

Results: We firstly identified a large number of lncRNAs abnormally expressed between 9 pairs of cancerous and adjacent
tissues of CCA, and between intra-hepatic CCA and extra-hepatic CCA through a genome-wide profiling. A set of aberrant
differentially expressed lncRNAs were further validated in a training set (16 pairs) and a test set (11 pairs) of CCA patient
samples. Following assessment of the diagnostic value of the 7 differentially expressed lncRNAs, we confirmed the optimal
combination of H19, C3P1, AC005550.3, PVT1, and LPAL2 with area under the curve of 0.8828 [95% CI: 0.7441–1.021, P< 0.
001], with 93.75% sensitivity and 81.25% specificity, at the cutoff point of − 0.2884 to distinguish the CCA tissue from the
normal ones, suggesting that specific lncRNAs may have potential for detecting CCA. More importantly, the genome-wide
locus and lncRNA/mRNA co-expression analyses revealed a set of lncRNAs that participated in inflammation and oxidative
stress response pathways by regulating genes in cis or in trans. Finally, APOC1P1, PVT1, and LPAL2 were validated to regulate
the migration and some pivotal inflammation genes under the CCA pathogenesis.

Conclusions: Our findings are the first to show that lncRNAs may not only be potential biomarkers of CCA progression but
also respond to inflammation in CCA.
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Background
It has been shown that noncoding RNAs could serve as
ideal diagnostic biomarkers and potential therapeutic tar-
gets for cancers [1–5]. Small non-coding RNAs, especially
microRNAs (miRNAs), are widely reported to play vital
roles in disease pathogenesis in a post-transcriptionally
regulating manner [6], suggesting that these small non-
coding RNAs could be served as therapeutic targets for
the disease. In addition to miRNAs, a set of lncRNAs, that
are more than 200 nucleotides in length, have also been

reported to play pivotal roles in a variety of diseases. For
instance, ANRIL [7], HOTAIR [8, 9], and H19 [10, 11],
have been reported to influence many processes in various
cancers, including chromatin remodeling, transcriptional
regulation, molecular trafficking [12], inflammation re-
sponses and oxidative stress [1–3, 5]. These observations
suggest potential pathophysiological contributions from
lncRNAs. Recently, the mechanisms and functions of sev-
eral lncRNAs, such as lncRNA-HEIH [13], HULC [14]
and HOTAIR [15], were uncovered in hepatic carcinoma,
the most common hepatic malignancy, and these findings
led to the deeper understanding of the regulation net-
works and thetumorigenesis in hepatic carcinoma.
CCA is the second most common primary hepatic

malignancy, and is broadly believed to be caused by the
malignant transformation of cholangiocytes, the epithelial
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cells lining the intra-hepatic and extra-hepatic biliary
ducts. CCA is difficult to diagnose and is usually fatal
because of late clinical presentation and lack of effective
targeting chemotherapeutic regimen [16, 17], which is
partly due to the limited understanding of the molecular
mechanisms underlying the development of CCA. Pre-
vious studies have reported that malignant transformation
of cholangiocytes was associated with chronic inflamma-
tion in the biliary epithelium; however, detailed molecular
mechanisms of CCA promotion and progression are still
unclear.
In this study, we sought to determine whether lncRNAs

were dysregulated and participated in molecular pathways
associated with malignant transformation in CCA through
genome-wide screening of lncRNA profiles in the CCA
patients and evaluation of potential pathways that may in-
volve dysregulated lncRNAs. We identified a set of
lncRNAs that participated in inflammation and oxidative
stress response pathways by regulating gene expression in
cis or in trans. Our findings may provide potential
biomarkers for CCA progression and potential CCA
therapeutic targets.

Methods
Patient samples and cell line
Matched pairs of cancerous and adjacent tissue from 36 (9
for genome-wide profiling, 16 for training set, and 11 for
test set independently) patients with CCA were obtained
with informed consent from Sun Yat-sen Memorial
Hospital. Sample collection was approved by the Hospi-
tal’s Protection of Human Subjects Committee. The clini-
copathological characteristics of the CCA patients are
summarized in Additional file 1: Table S1.
RBE human CCA cells were purchased from the Type

Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). QBC939 human cholangiocarcinoma
cells were obtained from Shuguang Wang (The Third
Military Medical University, China). The CCA cell line
was cultured in RPMI-1640 medium with 10% fetal calf
serum, and maintained in a 37 °C humidified incubator
with 5% CO2.

LncRNA microarray profiling and qRT-PCR analysis
Tissues were porphyrized in liquid nitrogen, and cells
were collected in EP tubes. Then, total RNA was extracted
from tissue or cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s
instructions.
Microarray analysis was performed with the Agilent

Expression Array v2.0 platform (Capitalbio, Beijing,
China), and gene expression data loaded into GEO data-
base. The series number is GSE103909. The results rep-
resent differentially expressed lncRNAs and mRNAs

with statistical significance that passed Volcano Plot fil-
tering (Fold Change > 2.0, P < 0.05, t-test).
RNA was reverse-transcribed into cDNA with the

ReverTra Ace® qPCR RT Kit (TOYOBO, Japan) or Prime-
Script® RT reagent Kit with gDNA Eraser (Takara, Japan).
Real-time PCR for lncRNA was performed using the
SYBR Premix ExTaq real-time PCR kit (Takara, Japan) ac-
cording to the manufacturer’s instructions with GAPDH
as normalization control. The expression level for each
lncRNA and mRNA was determined using the 2-△△Ct

method. The specificity and reliability of the PCR were
confirmed by sequencing the PCR product fragments. All
primers are shown in Additional file 2: Table S2.

Cell transfection
We plated 1.6 × 105 RBE and QBC939 cells in 12-well-
plates. Then, 20 nM siRNAs (GenePharma, Shanghai,
China) were transfected with Lipofectamine® 3000
(Invitrogen Corporation, Carlsbad, CA, USA). Each ex-
periment was repeated at least three times. The siRNA se-
quences are: si-APOC1P1–1: 5’GGGAAUUCAUCAAC
CGCAUTT3’; si-APOC1P1–2: 5’AGUUUCUCCUUCAC
UUUCCGA3’; si-PVT1–1: 5’GCUUGGAGGCUGAGGA
GUUTT3’, si-PVT1–2: 5’AGCUUUAGGUCACGUAAGG
AC3’; and si-LPAL2:5’UCAAUCAGUGCUUGUUUGG
AA3’, 5’AAGUAUGU GCCUCGAUAACUC3’.

Vector construction and transfetion
pcDNA 3.1 vector was used for lncRNA overexpression
were using. Primers and oligonucleotides for full-length
APOC1P1 amplification are list in Additional file 2:
Table S2. Then, 500 ng full-length APOC1P1-pcDNA
3.1 vector were transfected with Lipofectamine® 3000
(Invitrogen Corporation, Carlsbad, CA, USA) into the
1.6 × 105 RBE cells and QBC939 in 12-well-plates.

Migration assays
Migration assays were conducted using Transwell cham-
bers (8 μm, Corning Costar Co., Newyork, USA) accord-
ing to the manufacturer’s instructions. Firstly, 8 × 104

RBE and QBC939 cells transfected after 24 h suspended
in 200 μl RPMI-1640 solution without serum were
plated in the top chambers lined with a non-coated
membrane. Then, 750 μl RPMI-1640 with 10% fetal bo-
vine serum was added into the lower chamber as a
chemoattractant. Cells located in the lower chamber
were fixed with 100% methanol and stained with 0.1%
crystal violet after a 24 h incubation at 37 °C. We
counted the migrated cells in ten fields for triplicate
membranes at 10× magnification under a microscope
(Zeiss,Oberkochen, Germany). Finally, five random
sights in each sample were selected to analyze cell count,
and the mean of triplicate experiments was calculated.
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Co-expression networks and gene ontology analysis
Pearson’s correlation coefficient was used to determine the
levels of correlation. The correlation coefficients that were
greater than 0.3 or less than − 0.3 were regared to be
significant. LncRNAs and mRNAs that have significant
pearson’s correlation coefficients were used to construct the
coexpression networks using Cytoscape v2.83. DAVID Bio-
informatics Resources v6.7 was used to identify enriched
functionally related gene groups. For Gene Ontology (GO)
analysis, we used the same biological processes and
molecular function categories as the Gene Ontology Con-
sortium database (http://www.geneontology.org).

Statistical analysis in clinical samples
All statistical calculations were performed using SPSS
PASW Statistics (version 17.0) and figures were imaged
using GraphPad Prism (version 5.0). Fisher’s exact test
and Mann-Whitney U test were used to determine the
significance of differentially expressed lncRNA levels
between two groups. Receiver operating characteristic
(ROC) curves, analyzed after logarithmic transformation
of all the data, were used to determine the diagnostic
utility of lncRNAs. The optimized combination of
lncRNAs to build a model of predicted probability ana-
lyzed by Discriminant analysis. The optimal cutoff point
was chosen at which the Youden’s index was maximal.
All P values were two tailed, and a P value < 0.05 was
considered statistically significant.
The diagrammatic sketch of the study is shown in

Additional file 3: Figure S1.

Results
LncRNA expression patterns are altered in malignant CCA
To identify the aberrantly expressed lncRNAs that are
linked to malignant transformation in CCA, a
genome-wide lncRNA study was performed in the
matched pairs of cancerous and adjacent tissues from
patients with CCA. Unsupervised analysis showed that
the samples were largely clustered into their respective
biological subtypes, and all cancerous samples clustered
together and were distinct from adjacent samples. We
found that 583 lncRNAs were expressed abnormally in
CCA tissue (p-value< 0.05 and fold change > 2). The
Fig. 1a showed the most differentially expressed ones
(p < 0.01, fold-change> 3.0) between cancerous and ad-
jacent tissues, which include 32 significantly up-regu-
lated lncRNAs and 65 significantly down-regulated
lncRNAs in CCA tissues. Notably, a set of lncRNAs
showed distinct expression patterns in intra-hepatic
CCA and extra-hepatic CCA samples, which had dif-
ferent clinical characteristics and manifestations, sug-
gesting that lncRNAs could potentially identify the
location of cancerous lesions in CCA cells and dis-
criminate different CCA subtypes (Fig. 2a). More

importantly, in contrast to the patients with
well-differentiated levels, there were 45 lncRNAs
up-regulated and 24 lncRNAs down-regulated in the
CCA patient sampleswith severe differentiation block
(p < 0.05, fold-change> 3.0, Fig. 2b), and these
lncRNAs might be associated with CCA cell
differentiation.
To validate the accuracy of the lncRNA microarray

platform, we performed qPCR assay for several lncRNAs
in a training set of CCA patients (16 pairs of cancerous
and adjacent tissues). First, we validated 3 well-known
lncRNAs (H19, HULC, and PVT1), which have been re-
ported to be involved in a variety of cancers [10, 14, 18–20].
Consistent with the microarray results, all of these lncRNAs
showed significant differences between cancerous and adja-
cent tissues (p < 0.05, Fig. 1b). We also verified two
up-regulated lncRNAs (RP11-528A4.2 and AC005550.3) and
four down-regulated lncRNAs (C3P1, LPAL2, RP11–
370B11.3, and APOC1P1) using qPCR(p < 0.05, Fig. 1b). The
results confirmed the expression profiles of lncRNA array,
except for RP11-528A4.2 (Additional file 4: Figure S2a)
which did not show a significant difference. These data sug-
gest that differentially expressed lncRNAs have the potential
to serve as biomarkers for CCA and play important roles in
the initiation or progression of CCA.

Assessing the diagnostic value of lncRNAs in CCA
To analyze the diagnostic value of these selected
lncRNAs validated in the training set, ROC curve ana-
lysis was performed with the relative expression of these
lncRNAs in logs, and the associated area under the ROC
curve (AUC), as well as the sensitivity and specificity,
was used to evaluate the diagnostic potency. As shown
in Additional file 4: Figure S2, the highest AUC of the
lncRNAs was AC005550.3, which reached 0.7695 [95%
CI: 0.6015–0.9375, P < 0.01]. We also found that
APOC1P1 had the greatest sensitivity, which was 87.5%
at the cutoff point, whereas the highest was 93.75% for
AC005550.3 at the cutoff point. Subsequently, using the
discriminant analysis, we revealed the optimal combin-
ation of H19, C3P1, AC005550.3, PVT1, and LPAL2 to
distinguish the CCA tissue from the normal ones. The
following discriminant equation was determined: pre-
dicted value of probability (PVP) = 0.106 lnH19 + 0.237
lnC3P1 + 0.496 lnAC005550.3 + 0.699 lnPVT1–0.931
lnLPAL2 + 2.224. The result has shown more signifi-
cant differences between cancerous and adjacent tis-
sues (p < 0.001, Fig. 3a, left), and the enhanced AUC
was up to 0.8828 [95% CI: 0.7441–1.021, P < 0.001],
with 93.75% sensitivity and 81.25% specificity, at the
cutoff point of − 0.2884 (Fig. 3a, right).
To explore the accuracy of the PVP equation, another

11 pairs of patient were recruited as a test set to further
validate the outcomes. The results showed that the
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validities of the selected lncRNAs except for RP11–
370B11.3 were confirmed in the validation set (Fig. 3b).
Moreover, we provided these test data into the PVP
equation, and got a AUC value of 0.8430 [95% CI:
0.6766–1.009, P < 0.001], as well as 90.91% sensitivity
and 72.73% specificity, which is similar to that of train-
ing set (Fig. 3c). Although a large cohort of samples is
necessary for further validation, these data suggested
that these differential lncRNAs could serve as potential
biomarkers of CCA.

Dysregulated lncRNAs might be involved in inflammatory
pathways by targeting adjacent genes in cis
To further investigate the potential functions of dys-
regulated lncRNAs, we performed a genome-wide
evaluation for 583 dysregulated lncRNAs involved in
potential pathways for the malignant transformation
of CCA (p < 0.05, fold-change> 2.0). Many lncRNAs
were reported to target their neighboring coding

genes and shared similar functions with target genes
[21], and these gene loci might play pivotal roles in
the disease. Therefore, we screened the adjacent genes of
the dysregulated lncRNAs with stringent selection criter-
ia(intergenic distance< 10 kb, Additional file 5: Table S3),
and then gene functions were analyzed using GO cluster-
ing(Additional file 6: Table S4.) [22]. It is worth noting
that some GO annotations were related to inflammation
and immunization (“activation of plasma proteins involved
in acute inflammatory response,” “positive regulation of
immune response,” “response to wounding”). Considering
the close correlation between CCA and inflammation, the
lncRNAs adjacent to inflammatory genes might partici-
pate in CCA through inflammatory pathways.
To further investigate the correlation between inflam-

mation and dysregulated lncRNAs in CCA, we extended
the search coverage to ±100 kb for the dysregulation
lncRNAs to improve the sensitivity of the screening. We
found that 184 of the 583 lncRNAs were located nearby

Fig. 1 LncRNA profiles in CCA patients. a Cluster analysis of lncRNA expression in cancerous and adjacent tissues of CCA patients. b LncRNA
expression validation using qPCR in training set. The relative expression levels of lncRNAs were normalized to GAPDH
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inflammation related genes (Additional file 7: Table S5),
and several lncRNAs and inflammation related genes
were found located in the same genome region (Fig. 4a).
For example, three lncRNAs, XLOC_004959, CTC-
505O3.2, and ENST00000499037, were adjacent to
TICAM2, TMED7-TICAM2, and CDO1. Two of these
genes (TICAM2 and TMED7-TICAM2) are members of
the Toll-like receptor signaling pathway, which is im-
portant for host antiviral responses [23], lipopolysacchar-
ide responses [24], and oxidative stress [25]. CDO1 is a
cysteine dioxygenase involved in oxidation and inflam-
mation [26], suggesting that the lncRNAs nearby might
also be important for stress responses. TLR3 is pivotal
gene in the Toll-like receptor signaling pathway that
controls the activation of inflammatory pathways [27],
and another gene KLKB1 [28] encodes a serine protease
named kallikrein, which induces inflammatory reactions
by producing pro-inflammatory peptides. We found that
two lncRNAs, XLOC_003821 and NR_033900, were lo-
cated near the respective gene locus of TLR3 and
KLKB1, suggesting that they might share similar func-
tions. Further study of these genome regions within the

set of inflammation related genes might provide more
knowledge regarding the relationship between lncRNAs
and inflammation in CCA.

mRNA/lncRNA co-expression networks identified a set of
lncRNAs involved in inflammation-associated cytokine
pathways
Subsequently, we performed co-expression analyses of
lncRNAs and mRNAs to screen potential target genes of
lncRNA both in cis and in trans, which might reveal
additional clues on the function of dysregulated
lncRNAs [13, 29, 30]. Therefore, we performed mRNA
microarrays using the same samples from the
lncRNAs arrays, and the most dysregulated genes be-
tween CCA cancerous and adjacent tissues are shown
in Additional file 8: Figure S3 (P < 0.01, fold-change>
3.0). Then, we used GO “biological process” to anno-
tate gene functions and clustered the modules of
genes (Fig. 4b). “Oxidation reduction” and other stress
or inflammation-related GO terms were enriched, which
is consistent with previous studies [31, 32]. Notably, the
expression level of these inflammation-related genes was

Fig. 2 Differential expression of lncRNAs in subtypes of CCA. a Heat maps are based on differential lncRNA profiles between intra- and extra-
hepatic cholangiocarcinoma patients. b Differentially expressed lncRNAs between well- and poorly-differentiated cholangiocarcinoma patients
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higher in adjacent tissues compared with cancerous tis-
sues (Fig. 4c), which was similar to previous gene expres-
sion profile studies in CCA [33, 34].
In the genome-wide mRNA/lncRNA co-expression ana-

lysis, there are 299 lncRNAs that correlated with 522
mRNAs (Pearson correlation coefficient > 0.95), and most
of these lncRNAs are positively correlated with mRNAs
(Additional file 9: Table S6). We further focused on the
lncRNAs that are closely related to these inflammatory
genes from the GO term shown in Fig. 4c using
co-expression networks. As expected, most inflammation-
related genes showed positive correlations (Fig. 4d),

implying that the lncRNAs involved in inflammatory
responses might be co-expressed with these genes.
Additional file 10: Figure S4 shows the dysregulated
lncRNAs (red nodes) that were highly co-expressed (Pear-
son correlation r > 0.85) with inflammatory genes (green
nodes), several well-studied lncRNAs and genes adjacent
to inflammatory genes (e.g., CTC-505O3.2, an lncRNA lo-
cated near TICAM2, TMED7-TICAM2, and CDO1 in Fig.
4a) are co-expressed with a set of inflammatory genes.
These candidate lncRNAs may take a part in known in-
flammatory pathways and participate in a variety of bio-
logical processes related to CCA.

Fig. 3 Diagnostic value of lncRNAs in CCA. a The optimal combination of H19, C3P1, AC005550.3, PVT1, and LPAL2 to distinguish the CCA tissue
from the normal ones (p < 0.001,left); and the AUC of PVP was up to 0.8828 [95% CI: 0.7441–1.021, P < 0.001], with 93.75% sensitivity and 81.25%
specificity, at the cutoff point of − 0.2884 (right). b Another 11 pairs of patient samples (11 cancerous and 11 adjacent tissues) were further
validate the selected lncRNAs . c An AUC value of 0.8430 [95% CI: 0.6766–1.009, P < 0.001], as well as 90.91% sensitivity and 72.73% specificity was
revealed when these test data was plugged into the PVP equation
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Functional validation of a set of lncRNAs involved in
inflammation-associated cytokine pathways and
carcinogenesis
To validate the regulation of the lncRNAs on the inflam-
matory genes shown in the network(Additional file 10:
Figure S4), we next performed experiments to explore
the their effect on the expression of these correlative
inflammatory genes. Three differentially expressed
lncRNAs were chosen, which are PVT1, LPAL2 and
APOC1P1. Based on the PVP equation(Fig.3a and 3c),
PVT1 showed a higher expression level in CCA tissue
when compared with that in adjacent tissues, while the
expression pattern of LPAL2 was quite opposite(Fig. 1b).
APOC1P1 showed the lowest expression both in training
set (Fig. 1b) and validation set (Fig. 3b) in CCA tissues
and thus was also chosen for functional analysis. We
knocked down APOC1P1, LPAL2, and PVT1 by RNA
interference respectively. The expression levels were

shown in Additional file 11: Figure S5. The results indi-
cated that some of the potentially targeted genes, like
C4BPA [35], MASP1 [36], MBL2 [37], ORM1 [38],
APOA2 [39], KNG1 [40], are significantly downregulated
upon knocking down the lncRNAs (Fig.5a and
Additional file 12: Figure S6a),.On the contrary, the ex-
pression of these genes except for ORM1 appeared sig-
nificantly increased when we overexpressed APOC1P1
in CCA cell line (Additional file 12: Figure S6b and c),
suggesting that the inflammatory genes could be regu-
lated by the selected lncRNAs in CCA cells. To confirm
that the lncRNAs indeed regulate the inflammation
pathway, we further detected the IL6 mRNA level, an
important cytokine in inflammatory response and CCA
progression [16, 17]. The IL6 levels displayed a consider-
able change upon knockdown of APOC1P1, LPAL2, and
PVT1, indicating that these lncRNAs could affect the
CAA progression by regulating IL6 level (Fig.5b and

Fig. 4 A set of lncRNAs potentially involved in inflammation-associated cytokine pathways. a Genome sites with a set of inflammation related genes
and lncRNAs. Up-regulated lncRNAs are denoted in yellow, and down-regulated lncRNAs are denoted in blue. b GO clustering of dysregulated genes
in CCA. c Abnormally expressed inflammation-related genes in CCA. d Pearson correlation of inflammation-related genes in cholangiocarcinoma, the
dot dash in yellow is the normal distribution curve
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Additional file 12: Figure S6d). We next investigated the
functions of these lncRNAs in CCA cells. As shown in
Fig. 6a, the result of CCk-8 assay indicated that only
PVT1 was shown to have an effect o the proliferation of
CCA cellsa. We further conducted migration assays to
demonstrate the function of these lncRNAs on CCA
progression. We designed and synthetized two siRNAs
to knock down these selected lncRNAs APOC1P1 and
LPAL2, respectively. As shown in Fig. 6b, knocking
down APOC1P1 and LPAL2 could significantly en-
hanced the ability of migration in RBE cells. This result
was further validated when applying another CCA cell
line QBC939 (Additional file 13: Figure S7). We also
forced expression of APOC1P1 into two CCA cell lines,
the results clearly showed that the migration abilities of
RBE and QBC939 cells were decreased (Fig. 6c and 6d).
These data imply that APOC1P1 and LPAL2 may be served
as tumor suppressor genes in the CAA progression. On the
other hand, when knocking down the PVT1, a lncRNA
with a higher expression level in CCA (Fig. 1b& 3b), it was
found that the migration of both CCA cells significantly
slowed down (Fig. 6b and Additional file 13: Figure S7),
suggesting that PVT1 functions as a oncogene that pro-
mote the CAA progression. These lncRNAs dispayed

different expression pattern in CCA, and may regulate dif-
ferent inflammation factors to affect the migration process,
which led to CCA advancement .

Discussion
The importance of dysregulated lncRNAs has been im-
plicated in developmental regulation and disease patho-
genesis, and the function of many dysregulated lncRNAs
have been reported in various cancers [15, 29, 41]. How-
ever, few studies on lncRNAs associated with CCA have
been reported. In this study, we screened dysregulated
lncRNAs in CCA tissue and identified differential
lncRNA patterns between cancerous and adjacent tis-
sues. In addition, these lncRNAs could be involved in
CCA promotion and serve as potential biomarkers for
CCA. We further performed comparative analysis of the
differential lncRNAs between CCA and other cancers
and identified a set of lncRNAs specifically differentially
expressed in CCA, and built a PVP equation to distin-
guish cancerous from adjacent tissues in CCA. We also
found a set of lncRNAs potentially involved in inflam-
mation pathways. Our study highlights the potential of
lncRNAs in CCA clinical diagnosis and in understanding
disease pathogenesis and development.

Fig. 5 Functional validation of lncRNAs downreguated inflammation-associated genes in malignant cholangiocytes. a A set of the potentially
targeted gens, like C4BPA, KNG1, MASP1, MBL2, etc., are significantly downregulated when the selected lncRNAs were knocked down by the
siRNAs in RBE cells. b The qpcR test for the IL6 mRNA under the knockdown the selected lncRNAs targeted by siRNAs in CCA cell lines, and the
triplicate experiments were analyzed by Mean ± SD, p value< 0.001, ***, < 0.01, **,< 0.05,*
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The malignant transformation of cholangiocytesis is
associated with chronic inflammation in the biliary
epithelium [16, 42]. Several lncRNAs, such as
lncRNA-MIAT, lnc-IL7R and RP5-833A20.1, have been
reported to regulate inflammation factors in other
cancers [1, 43, 44]; however, lncRNAs that have been re-
ported to regulate inflammation in CCA is limited.
Thus, in this study, we performed a genome-wide

screening and functional analysis to identify lncRNAs
that control inflammation in malignant CCA. Our pre-
viously study reported that H19 and HULC, activated by
oxidative stress, promote cell migration and invasion in
cholangiocarcinoma through a ceRNA manner [45]. We
also found treatment of CAA cells with IL6 can activate
paracrine IL6/STAT3 pathway in inflammation and CCA
initiation [46]. IL6 is a multifunctional inflammatory

Fig. 6 Functional validation of lncRNAs in malignant cholangiocytes. a Cell proliferation assay detected by CCK-8 kit in in malignant
cholangiocytes. b Migration assay of these selected lncRNAs. RBE Cells were counted in ten fields for triplicate membranes at 10× magnification.
Five random sights in each sample were selected to analyze cell count, and the triplicate experiments were analyzed by Mean ± SD, p value <
0.001, ***, < 0.01, **, < 0.05,*. Migration assay of overexpressing APOC1P1 in CCA cells (c for RBE, d for QBC939) were counted in ten fields for
triplicate membranes at 10× magnification. Five random sights in each sample were selected to analyze cell count, and the triplicate experiments
were analyzed by Mean ± SD, p value < 0.001, ***, < 0.01, **
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cytokine that plays a major role in the response of
cholangiocytes to inflammation [47, 48], and increased
concentrations of IL6 during inflammation in the biliary
tract stimulate several pathways, including the JAK-
STAT pathway, the p38 MAPK pathway, etc., and is
involved in survival and growth of malignant cholangio-
cytes [48, 49]. CXCR4 is a chemokine receptor involved
in several inflammatory processes and diseases, inclu-
ding CCA [50], and induces CCA cell migration and in-
vasion via the ERK 1/2 and Akt pathways [51, 52].
However, a single lncRNA can regulate multiple target
genes, for example, H19 targets TGFβ1 in prostate
cancer cells [53], and TGFβ1 is a key regulator in CCA
inflammation [16], suggesting the pivotal role of inflam-
mation regulation by special lncRNAs. Our study on
inflammation-related lncRNAs provides alternative
lncRNA-based therapy targets for CCA.
Although some lncRNAs function through ceRNA

pattern by sponging miRNAs [54, 55], other dysregu-
lated lncRNAs in CCA might regulate coding genes by
other methods. Many lncRNAs are shown to act in cis
and control the expression level of neighboring genes
through RNA-DNA, RNA-RNA or RNA-protein interac-
tions [21]. To gain further insight into the biology of
dysregulated lncRNAs in CCA, we screened the adjacent
genes of these lncRNAs and tried to annotate their po-
tential functions using GO biological process clusters.
The most enriched annotations regard embryonic and
organization development likely because of the high pro-
portion of known lncRNAs located near the develop-
mental genes [3, 5, 21, 56], and many developmental
genes are also involve in carcinoma genesis [22]. For ex-
ample, the lncRNAs HOXA-AS3 and HOXB-AS4 are
adjacent to the HOXA and HOXB gene clusters, which
encode essential proteins for developmental processes,
and are also involved in numerous cancers, including
CCA [57, 58]. Another example is PVT1, a lncRNA near
MYC, which is a developmental gene involved in most
cancers [59, 60]. There are also several lncRNAs located
near transcription factors, including FOXA2, FOXD4,
RUNX1, WT1, and MEIS1, which are involved in
numerous cancers [59, 61–63], and the nearby lncRNAs
might also control the level of these transcription
factors, dysregulate gene patterns in bile duct cells, and
induce tumorigenesis in CCA. The most attracted anno-
tations were the inflammation related ones, and consid-
ering the importance of inflammatory responses in CCA
pathogenesis, these lncRNAs, especially the lncRNAs lo-
cated near the cluster of inflammatory factors listed in
Fig. 5a, may potentially participate in inflammatory path-
ways that serve as pivotal regulators in CCA. However,
aberrant epigenetic modifications of certain genomic
sites are also major causes of carcinoma genesis, such as
the aberrant DNA methylation level of chr13q14.3. in

chronic lymphocytic leukemia [64] and the abnormal
H3K79 histone methylation in chr7p15.2 in MLL-rear-
ranged leukemia [29], and the observation that these
lncRNAs act in cis in genome sites with inflammatory
genes and dysregulate lncRNAs might provide new
insight for suppressing or activating these genomic
locations by imprinting modifications or transcriptional
factor binding adjustments in CCA treatment.
Some lncRNAs might also regulate genes in trans, these

lncRNAs transcriptionally and post-transcriptionally regu-
late their target genes. We also established co-expression
networks in CCA samples to find potential functions for
these lncRNAs. We found a set of lncRNAs, APOC1P1,
LPAL2, and RP11–370B11.3, that is co-expressed with in-
flammatory factors without neighboring inflammatory
genes, which implies that these lncRNAs might regulate
inflammation pathways in trans or with ceRNA methods,
although the detailed mechanisms remain unknown. For
example, APOC1P1 could directly bind to tubulin to de-
crease α-tubulin acetylation, to inactivate caspase-3, and
to inhibit apoptosis in breast cancer [65]. However, in this
work, APOC1P1 was predicted and validated to correlate
with a set of inflammatory genes, suggesting that
APOC1P1 function the pivotal role of inflammation path-
way under the CCA pathogenesis. Further studies on the
mechanisms of the lncRNAs acting in trans, including
identifying the protein partners they bind and screening
the genes they directly target, might clarify the pathogen-
esis of inflammation induced by CCA and further provide
strategies for developing lncRNA-based therapy methods
for CCA.
Accumulating evidences have indicated that intra-hepatic

and extra-hepatic CA have distinct differences in etiologies,
origin of cell types and pathogenesis. Previously, Yang et al.
[66] and Lv er al. [67] investigated the profiles of mRNAs
and lncRNAs between intra-hepatic cholangiocarcinoma
tissues and nomal controls, and found a set of dysreguated
lncRNAs and mRNAs in intra-hepatic CCA samples. Some
of the aberrantly expressed lncRNAs and mRNAs found in
this study are similar with the reports in their analysis, such
as NR_024470, uc010vdn.1, TMEM27, LAMC2, etc.. More-
over, some of the GO terms are also similar, like organic
acid metabolic process and carboxylic acid catabolic
process, indicating these lncRNAs may regulate the
metabolic pathway in the CCA. However, some GO terms
with high enrichmet are different. For example, Yang et al.
revealed that lncRNAs with high enrichmet were associated
with cholesterol homeostasis and sterol homeostasis, while
inflammatory pathway was found the most enrichment in
our study. The differences may indicate the complex
biological mechanisms relevant to CCA progression and
need further investigation. In addition to the comparison
between cholangiocarcinoma tissues and nomal controls,
we also performed a genome wide analysis between
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intra-hepatic and extra-hepatic CCA, and found several
lncRNAs including HULC differentially expressed between
intra-hepatic and extra-hepatic CCA. HULC has been re-
ported to promote cell migration and invasion in cholan-
giocarcinoma through a ceRNA manner regulating CXCR4
[45]. CXCR4 was also reported important in the progres-
sion of intra-hepatic CCA [68]. These together suggest that
HULC/CXCR4 might be a promising therapeutic target for
intra-hepatic cholangiocarcinoma. Further studies are ne-
cessary to inviestigate the function of these differentially
expressed lncRNAs in CCA formation and metastasis or
the transformation between intra-hepatic and extra-hepatic
cholangiocarcinoma.

Conclusions
Our study revealed lncRNA profiles in CCA and the
unique lncRNA expression patterns between intra- and
extra-hepatic CCA patient samples with distinct differ-
entiation levels. Based on the expression pattern analysis
of the adjacent genes and co-expressed genes of
lncRNAs, we identified a set of dysregulated lncRNAs
correlated with inflammation, which may play key roles
in the pathogenesis of CCA. We finally confirmed the
optimal combination of H19, C3P1, AC005550.3, PVT1,
and LPAL2 to differentiate the CCA tissue from the
normal ones, suggesting that specific lncRNAs may have
potential for detecting CCA. Our results provide new
insight into the mechanism linking lncRNA function
with CCA and may serve as novel targets for the deve-
lopment of new countermeasures of CCA.
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