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Abstract. Perihilar cholangiocarcinoma (PHCC) is one
of the most aggressive and complex types of cancer with a
poor survival. Despite advances in PHCC diagnosis and
treatment, the biology of this tumor remains poorly under-
stood. Recent studies have suggested long non-coding RNAs
(IncRNAs) as crucial determinants of cancer progression.
However, the role of IncRNAs in PHCC is rarely reported
and the function of gastric adenocarcinoma predictive long
intergenic non-coding RNA (GAPLINC) in PHCC has yet
to be elucidated. The present study observed a significant
upregulation of GAPLINC in PHCC cell lines and clinical
specimens (P<0.05). Furthermore, by comparing clinicopatho-
logical characteristics with expression data, high GAPLINC
expression was revealed to be associated with the T stage
(P=0.013), N stage (P<0.001) and Tumor-Node-Metastasis
stage (P<0.001) of PHCC. Furthermore, Kaplan-Meier
analysis demonstrated that GAPLINC expression was associ-
ated with poor overall survival and progression-free survival
rates in PHCC. Furthermore, univariate and multivariate COX
regression analyses identified high GAPLINC expression as a
risk factor of a poor prognosis in PHCC. GAPLINC upregula-
tion promoted the migration and invasion of PHCC cells in
Transwell and Matrigel assays, respectively, while GAPLINC
deficiency inhibited PHCC cell metastasis. Furthermore, PHCC
cells with GAPLINC overexpression exhibited markedly
increased proliferation ability in a Cell Counting kit-8 assay.
However, GAPLINC interference significantly suppressed cell
proliferation. In conclusion, GAPLINC may promote PHCC
progression and may serve as a potential prognostic marker
and therapeutic target of PHCC.
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Introduction

Cholangiocarcinomas (CCAs), originating from the epithelial
cells of the biliary tract, are now divided into intrahepatic CCA,
perihilar CCA (PHCC) and distal CCA based on anatomical
location, according to a recent study (1). PHCC, accounting for
~50% of CCAs, is a relatively rare type of carcinoma, but with
aggressive characteristics and a poor prognosis. Radical resec-
tion is the only effective curative treatment at present. However,
the resection rate of PHCC is relatively low as the majority of
patients are diagnosed at an advanced stage of its insidious
development (2). Additionally, the highly desmoplastic nature,
extensive support by a rich tumor microenvironment and
profound genetic heterogeneity of PHCC make it resistant to
current adjuvant therapeutic strategies (1). Therefore, PHCC
remains one of the most difficult challenges for hepatobiliary
surgeons (3). In addition, tumor markers, including carbohy-
drate antigen 19-9 (CA 19-9) and carcinoembryonic antigen
(CEA), may be raised in PHCC, but these markers lack the
sensitivity required for diagnosis (4). Therefore, further
investigations on the underlying molecular mechanisms of
PHCC progression, and identifying more effective prognostic
biomarkers and therapeutic targets, are urgently required for
improving the prognosis of PHCC patients.

Recent improvements in genome-wide surveys and high
throughput transcriptome analysis have revealed that the
human genome contains only ~20,000 protein-coding genes,
representing <2% of the total genome (5,6). While 10- to 20-fold
more genomic sequence is transcribed to long non-coding
RNA (IncRNA) than to protein-coding RNA (7,8). IncRNAs
are functionally defined as transcripts >200 nucleotides (nt)
in length with no protein-coding potential. In recent years, an
increasing amount of scientific interest has been focused on
investigating the functions and mechanisms of IncRNAs (8-10).
Furthermore, it has been suggested that IncRNAs have fulfilled
a wide variety of regulatory roles at almost every stage of gene
expression, including transcriptional, post-transcriptional and
epigenetic levels (9). Furthermore, accumulating evidence
has indicated that IncRNAs serve essential roles in cancer
development and progression through various regulatory
pathways, hierarchies and networks (11,12). Therefore, iden-
tification of cancer-associated IncRNAs, and investigation of
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their molecular and biological functions, may shed light on
investigating the molecular biology of cancer.

GAPLINC is a recently discovered non-coding RNA and
has been revealed to serve essential roles in multiple types
of cancer. Hu et al (13) reported that GAPLINC is involved
in gastric cancer progression and may serve as a biomarker.
Yang et al (14) demonstrated that GAPLINC may promote
invasion in colorectal cancer by targeting snail family zinc
finger 2 through binding with PTB-associated splicing factor
and non-POU-domain-containing octamerbinding, and
may be a potential therapeutic target of colorectal cancer.
However, the role of IncRNA GAPLINC in PHCC has yet to
be identified.

The present study investigated the expression of
GAPLINC in PHCC cell lines and tissues. The association
between GAPLINC expression and PHCC clinicopatho-
logical features was also investigated. Furthermore, high
GAPLINC expression was revealed to be associated with the
prognosis of PHCC. GAPLINC may also promote PHCC cell
metastasis and proliferation in in vitro assays. These results
indicated that GAPLINC may be considered as a potential
prognostic marker and therapeutic target for patients with
PHCC.

Materials and methods

Patients and tissue specimens. A total of 96 patients with PHCC
who had undergone surgical resection at Hongqi Hospital of
Mudanjiang Medical College (Mudanjiang, China) between
January 2006 and November 2012 were included in the present
study. The mean age of the patients was 60.6+9.1 years old,
ranging from 41-82. A total of 57 male patients and 39 female
patients were involved. The tumor tissues and paired adjacent
non-cancerous tissues, isolated from >I cm away from the
tumor margin, were collected. It was confirmed by a patholo-
gist at Hongqi Hospital of Mudanjiang Medical College that
the adjacent non-cancerous tissues did not contain any clear
tumor cells. PHCC tissues and adjacent non-cancerous tissues
from each patient were immediately frozen in liquid nitrogen,
prior to being stored at -80°C until subsequent RNA extraction.
No local or systemic anticancer treatments were administered
to these patients prior to surgery. The detailed patient informa-
tion is presented in Table I. The last follow-up was terminated
in June 2016 and the mean follow-up period was 47.8 months
(range, 3-100 months). Patients with two or more different
malignancies were excluded. Written informed consent was
obtained from all patients and the study was approved by
the Ethics Committee of Hongqi Hospital of Mudanjiang
Medical College.

Cell culture. The human normal biliary epithelial HIBEpiC
cell line, and the PHCC QBC939 and FRHO0201 cell lines,
were purchased from the Cell Bank of Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) or RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc.), supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and
1% penicillin/streptomycin (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C in a humidified incubator with 5% CO,.

3965

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
isolated from cell lines or frozen tissue samples using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocols. DNase I (RNase-free; Takara
Biotechnology Co., Ltd., Dalian, China) was used to prevent
contamination of DNA and was then inactivated by heat treat-
ment. cDNA was reverse transcribed with the extracted total
RNA (2 ug) in atotal volume of 20 y1 using the Prime-Script one
step RT-PCR kit (Takara Biotechnology Co., Ltd.), the condi-
tions were as follows: Incubation for 5 min at 25°C followed by
60 min at 42°C, and then terminatin the reaction by heating at
70°C for 5 min. The mRNA level of IncRNA GAPLINC was
evaluated by RT-qPCR, which was performed using a SYBR
PrimeScript RT-PCR kit (Takara Biotechnology Co., Ltd.)
on an ABI7300HT instrument (Applied Biosystems; Thermo
Fisher Scientific,Inc.). The PCR thermocycling conditions were
as follows: Initial denaturation at 95°C for 5 min, followed by
40 cycles of denaturation at 95°C for 30 sec, annealing at 50°C
for 30 sec and extension at 72°C for 30 sec. Each experiment
was performed in triplicate. Relative GAPLINC expression
level was normalized to GAPDH using the comparative cycle
threshold (244°4) method (15). The primer sequences were as
follows: GAPLINC forward, 5-~ACACACAGCAGCCTGGTT
TC-3" and reverse, 5~ ATGGCACAATCAGGGCTCTT-3"; and
GAPDH forward, 5'~ACCCACTCCTCCACCTTTGAC-3" and
reverse, S"TGTTGCTGTAGCCAAATTCGTT-3".

Transfection of cell lines. The GAPLINC sequence was
synthesized according to the full-length GAPLINC sequence
(based on the GAPLINC sequence on NCBI; https:/www
.ncbi.nlm.nih.gov/), prior to being sub-cloned into a pcDNA3.1
vector (Genewiz, Inc., Beijing, China). An empty pcDNA3.1
vector was used as the control. Small interfering RNAs
(siRNAs) specifically targeting GAPLINC (siGAPLINC-1 and
siGAPLINC-2), and a scramble RNA negative control (si-NC)
were purchased from Genewiz, Inc. PHCC cells were cultured
on 6-well plates to confluency and were transfected using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocols. At 48 h
post-transfection, the cells were used for in vitro assays.

Transwell and matrigel assays. Migration of QBC939 cells
and FRHO201 cells were assessed using a Transwell assay
conducted in a Transwell chamber (Corning Incorporated,
Corning, NY, USA). After transfection for 24 h, cells (2.5x10%)
were plated into the upper chamber filled with serum-free
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.),
while RPMI-1640 medium (Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.) was added to the lower chamber. Invasion
of the cells was examined using the Matrigel method. The
Transwell chamber was pre-coated with Matrigel (Corning
Incorporated) prior to the cells being plated, followed by incu-
bation of the chamber at 37°C for 30 min. After incubation
for 24 h at 37°C, cells that had migrated to the bottom surface
of the membrane were fixed with 4% paraformaldehyde for
30 min at room temperature, stained with crystal violet solu-
tion for 30 min at room temperature. Finally, stained cells were
visualized under a light microscope (magnification, x100), and
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Table I. Association between GAPLINC expression and clini-
copathological parameters of perihilar cholangiocarcinoma.

No. GAPLINC

Parameter patients expression P-value
Age, years 0.572
<65 66 4.87£2.92
=65 30 5.26+3.58
Sex 0.836
Male 57 4.94+3.15
Female 39 5.07+£3.14
Tumor size, cm 0.571
<3 45 4.80+3.07
=3 51 5.16£3.19
Differentiation grade 0.716
Well + moderately 79 5.05+3.11
Poorly + undifferentiated 17 4.74+3.27
T stage 0.013
T1+T2 78 4.62+3.14
T3+T4 18 6.63+2.58
N stage <0.001
NO 77 4.22+2 .84
NI1+N2 19 8.11+2.20
M stage 0.564
MO 76 4.94+3.11
M1 3 6.53+4.01
TNM stage <0.001
I+11 65 4.02+2.87
HI+IV 31 7.04£2.65

GAPLINC, gastric adenocarcinoma predictive long intergenic
non-coding RNA; T, tumor; N, node; M, metastasis.

the number of cells counted in five random fields of view were
averaged.

Cell proliferation assay. Cells proliferation was monitored
using WST-8 and a Cell Counting kit-8 (CCK-8; Roche
Diagnostics GmbH, Mannheim, Germany), according to the
manufacturer's protocols. Briefly, 2,000 cells were seeded
onto 96-well plates and cell proliferation was monitored every
24 h for 4 days using a CCK-8 assay. The number of rate of
cell proliferation was quantified by reading the absorbance of
reduced WST-8 at a wavelength 450 nm.

Statistical analysis. A two-tailed Student's t-test was used
to compare two different groups with parametric variables.
One-way analysis of variance was used to compare multiple
groups. Survival curves were plotted using the Kaplan-Meier
method and were compared using the log-rank test. To assess
the relative risk for each factor, univariate and multivariate
Cox regression analyses were performed. Cut-off scores to
discriminate high and low GAPLINC expression samples
were selected by evaluating the receiver-operating character-
istic (ROC) curves. The point on the curve with the shortest
distance to the coordinate (0,1) was selected as the threshold
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value. All tests were two-sided and P<0.05 was considered
to indicate a statistically significant difference. Analysis was
performed using the SPSS 19.0 software package (IBM Corp.,
Armonk, NY, USA).

Results

Expression of GAPLINC is upregulated in human PHCC.
To identify the functional role of GAPLINC in PHCC,
RT-qPCR was performed to evaluate its expression in PHCC
cell lines. Notably, the PHCC QBC939 and FRH0201 cell
lines both exhibited higher expression levels of GAPLINC in
comparison with the HIBEpic cell line (Fig. 1A). Furthermore,
the expression of GAPLINC in 96 PHCC tissues and paired
adjacent non-cancerous tissues was detected. As a result,
GAPLINC was more highly expressed in 84.4% (81/96)
PHCC tissues compared with the adjacent non-cancerous
tissues. Furthermore, the mean expression level of GAPLINC
in PHCC tissues was also much higher than that in tumor adja-
cent tissues (1+0.80 vs. 1.93+1.21; P<0.001; Fig. 1B). These
results suggested that GAPLINC may function as an oncogene
in PHCC.

High GAPLINC expression promotes PHCC progression. To
extend the present understanding of the role of GAPLINC in
PHCC progression, further statistical analyses were performed
comparing GAPLINC expression with PHCC clinicopatholog-
ical characteristics. Patients with advanced T stage (P=0.013),
N stage (P<0.001) and TNM stage (P<0.001) exhibited signifi-
cantly higher GAPLINC expression, compared with patients
with earlier stages of disease (Fig. 1C-E; Table I). However,
no statistically significant associations were observed between
GAPLINC expression and other clinicopathological param-
eters, including age, sex, tumor size, and M stage (P>0.05;
Table I). Taken together, these results indicated that GAPLINC
may promote PHCC progression.

Selection of a GAPLINC expression cut-off value for prognosis
prediction in PHCC using an ROC curve. To better define the
role of GAPLINC expression in the prognosis prediction of
patients with PHCC, the ROC curve was employed to iden-
tify the optimal cut-off value for high and low expression of
GAPLINC. In order to use the ROC curve analysis, the prog-
nosis parameters were dichotomized: Overall survival (OS),
death due to PHCC or censored (lost to follow-up, alive or
succumbed to mortality from other causes); progression-free
survival (PFS), PHCC progressed or censored (lost to
follow-up, alive or succumbed to mortality from other causes).
As demonstrated in Fig. 2A and B, the area under the ROC
curve for OS and PFS was 0.713 (95% CI, 0.597-0.829), which
indicated that GAPLINC may serve as a valuable prognostic
marker for patients with PHCC (P<0.001). The cut-off value of
the OS and PFS for high and low GAPLINC expression was
3.10. Based on the obtained cut-off value, the patients were
classified into two groups, the high GAPLINC expression
group (n=57) and the low GAPLINC expression group (n=39).

GAPLINC overexpression predicts a poor prognosis
in PHCC. To further verify the prognostic potential of
GAPLINC expression in PHCC, Kaplan-Meier analysis was
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Figure 1. GAPLINC is overexpressed in PHCC. (A) RT-qPCR was performed to detect the expression of GAPLINC in PHCC cell lines and normal biliary
epithelial HIBEpic cells. (B) GAPLINC expression was analyzed in 96 PHCC tissues and paired adjacent non-cancerous tissues by RT-qPCR assay. (C) The
expression levels of GAPLINC were compared using RT-qPCR in patients with T1 + T2 and T3 + T4 disease. (D) The expression levels of GAPLINC were
compared using RT-qPCR in patients with NO and N1 + N2 disease. (E) The expression levels of GAPLINC were compared using RT-qPCR for patients with
TNM I + TNM Il and TNM III + TNM IV disease. (A) “P<0.01, using one-way analysis of variance. (B-E) “P<0.01, using Student's t-test. Data are presented
as the mean + standard deviation. GAPLINC, gastric adenocarcinoma predictive long intergenic non-coding RNA; PHCC, perihilar cholangiocarcinoma;
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; T, tumor; N, node; TNM, Tumor-Node-Metastasis.

performed, which demonstrated that high GAPLINC expres-
sion was associated with a lower OS rate (P<0.001; Fig. 2C).
Furthermore, high GAPLINC expression was associated
with a poorer PFS (P<0.001; Fig. 2D). Univariate analysis
identified the following 4 risk factors for OS: Differentiation
(HR=0.306; 95% CI, 0.122-0.767, P=0.012), N stage
(HR=2.779; 95% CI, 1.554-4.970; P=0.001), TNM stage
(HR=2.503; 95% CI, 1.475-4.250; P=0.001) and GAPLINC
expression level (HR=4.655; 95% CI, 2.514-8.621; P<0.001).
Furthermore, the same 4 risk factors were identified for PFS:

Differentiation (HR=0.319; 95% CI, 0.137-0.743; P=0.008), N
stage (HR=2.667; 95% CI, 1.496-4.754; P=0.001), TNM stage
(HR=2.302; 95% CI, 1.372-3.862; P=0.002) and GAPLINC
expression level (HR=3.839; 95% CI, 2.191-6.727; P<0.001).
Other clinicopathological features, including sex and age,
were not statistically significant prognosis factors (Table II).
Furthermore, by performing multivariate Cox regression
analysis on these 4 factors, the following 3 prognostic
factors were revealed to be independent risk factors for OS:
Differentiation (HR=0.154; 95% CI, 0.054-0.437; P<0.001),
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Figure 2. GAPLINC is associated with a poor prognosis in patients with PHCC. The cut-off points of GAPLINC expression for the (A) OS and (B) PFS were
analyzed using a receiver operating characteristic curve. Kaplan-Meier analysis and the log-rank test were adopted to investigate the (C) OS and (D) PFS differ-
ences between the low GAPLINC expression group and the high GAPLINC expression group. GAPLINC, gastric adenocarcinoma predictive long intergenic
non-coding RNA; PHCC, perihilar cholangiocarcinoma; OS, overall survival; PFS, progression-free survival; AUC, area under the curve.

TNM stage (HR=3.464; 95% CI, 0.173-1.259; P=0.011) and
GAPLINC expression level (HR=4.470; 95% CI, 2.269-8.807,
P<0.001), and the same 3 factors were identified for PFS:
Differentiation (HR=0.167; 95% CI, 0.064-0.435; P<0.001),
TNM stage (HR=3.164; 95% CI, 1.240-8.072; P=0.016) and
GAPLINC expression (HR=3.804; 95% CI, 2.044-7.078;
P<0.001; Table II). Taken together, these results suggested that
GAPLINC may be considered as a predictive factor for poor
survival and early tumor recurrence in patients with PHCC.

GAPLINC may facilitate the metastasis and proliferation
of PHCC cells. To further verify the function of GAPLINC
in PHCC, GAPLINC was knocked down and overexpressed.
siNC, siGAPLINC-1 and siGAPLINC-2 were used in QBC939
cells, while vector and GAPLINC were used in FRH0201
cells, as QBC939 cells exhibit a comparatively higher
GAPLINC expression than FRH0201 (Fig. 1A). Therefore,
GAPLINC silencing in QBC939 cells and ectopic expression
of GAPLINC in FRHO0201 cells would be more reliable for
examining the functional role of GAPLINC in PHCC cells.
The expression of GAPLINC in QBC939 cells and FRH0201
cells following transfection was determined using RT-qPCR
(Fig. 3A and B). The results of the Transwell (Fig. 3C
and D) and Matrigel assays demonstrated that GAPLINC

interference in QBC939 cells repressed the cell migration and
invasion abilities markedly. Accordingly, GAPLINC ectopic
expression in FRHO0201 cells markedly increased metastasis
(Fig. 3E and F). QBC939 cells with GAPLINC deficiency
exhibited much lower proliferation ability in a CCK-8 assay
(Fig. 4A), while GAPLINC upregulation in FRH0201 cells
markedly promoted proliferation (Fig. 4B). These results
indicated that GALINC may promote the metastasis and
proliferation of PHCC cells.

Discussion

Previous studies have focused on the diagnosis and manage-
ment of PHCC, and numerous advances have been made
in recent decades (3,16). However, standard adjuvant
therapeutic strategies remain unavailable for patients with
PHCC. Furthermore, due to the relatively low incidence rate,
alterations in classification, diagnosis and treatment strate-
gies and the highly aggressive nature of the disease, the vast
majority of published studies on PHCC are statically under-
powered, nonrandomized, restricted to short-term follow-up
or demonstrate a poor response rate (16). GAPLINC was
selected for the present study as it has been demonstrated to
promote the progression of gastric and colorectal cancer, and
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Table II. Multivariate analysis of clinicopathological features for overall survival and progression-free survival in patients with

perihilar cholangiocarcinoma.

Overall survival

Progression-free survival

Parameter HR 95% C1 P-value HR 95% CI P-value
Univariate analysis
Age
=65 years vs. <65 years 1.321  0.779-2.240 0.302 1.194  0.712-2.002 0.501
Sex
Male vs. Female 1033  0.614-1.738 0.901 0.963  0.583-1.593 0.884
Differentiation
Well + Moderately vs. Poorly + Undifferentiated  0.306  0.122-0.767 0.012 0319  0.137-0.743 0.008
Tumor size
=3 cm vs. <3 cm 1.125  0.673-1.125 0.653 1.066  0.651-1.745 0.801
T stage
T34T4 vs. T1+T2 1.712 0.922-3.179 0.089 1.516  0.822-2.795 0.183
N stage
N1+N2 vs. NO 2.779 1.554-4.970 0.001 2.667 1.496-4.754 0.001
M stage
M1 vs. MO 3.149  0.402-4.691 0.275 2043  0.270-5475 0.489
TNM stage
(II+IV) vs. (I+1D) 2.503 1.475-4.250 0.001 2.302 1.372-3.862 0.002
GAPLINC expression
High vs. Low 4.655  2.514-8.621 <0.001 3.839  2.191-6.727  <0.001
Multivariate analysis
Differentiation
Well + Moderately vs. Poorly + Undifferentiated ~ 0.154  0.054-0.437 <0.001 0.167  0.064-0435  <0.001
N stage
NI1+N2 vs. NO 0466  0.173-1.259 0.132 0.530  0.200-1.406 0.202
TNM stage
(I+IV) vs. (I+11) 3.464 1.332-9.006 0.011 3.164 1.240-8.072 0.016
GAPLINC expression
High vs. Low 4470  2.269-8.807 <0.001 3.804  2.044-7078  <0.001

HR, hazard ratio; CI, confidence interval; T, tumor; N, node; M, metastasis; GAPLINC, gastric adenocarcinoma predictive long intergenic

non-coding RNA.

to be associated with cancer prognosis (13,14). PHCC also
originates from the epithelium cancer, as with gastric and
colorectal cancer. However, the functional role of GAPLINC
in PHCC has yet to be elucidated. The present study collected
96 PHCC specimens and the prognosis of these patients was
determined. Clinicopathological features of these patients
were also reviewed and statistical analysis was performed to
verify the functional role of GAPLINC in the progression of
PHCC. IncRNA GAPLINC overexpression was revealed to
promote tumor progression by being associated with advanced
T, N and TNM stages of PHCC. Furthermore, ROC curves
were constructed and the optimal cut-off value of GAPLINC
expression in the prognostic prediction of PHCC patients was
defined. Based on the cut-off value, the patients were divided
into a high GAPLINC expression group (57/96, 59.4%) and

a low GAPLINC expression group (39/96, 40.6%). The
percentage of patients with PHCC exhibiting a high expression
of GAPLINC was relatively higher compared than the number
reported in patients with colorectal cancer (85/180, 47.2%) and
gastric cancer (45/90,50.0%) (13,14). The log-rank test revealed
that high GAPLINC expression predicted lower OS and PFS
rates. Furthermore, univariate and multivariate Cox regres-
sion analyses revealed that high GAPLINC expression was an
independent risk factor for lower OS and PFS rates in patients
with PHCC, indicating that GAPLINC may be considered as
a survival and recurrence biomarker in patients with PHCC.
The number of IncRNAs identified in recent years has mark-
edly increased, so too has the number of IncRNAs involved in
cancer biology. Certain IncRNAs, including GAS5 (17,18),
PTENP1 (19), HOTAIR (20,21), MALAT1 (22-24) and
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Figure 3. GAPLINC promoted the migration and invasion of PHCC cells. (A) The expression of GAPLINC in QBC393 cells was examined by RT-qPCR
following GAPLINC interference. (B) RT-qPCR was used to evaluate the expression level of GAPLINC in FRH0201 cells following GAPLINC overexpres-
sion. (C) The migration ability of QBC939 cells with GAPLINC deficiency was assessed using a Transwell assay. (D) The invasive ability of QBC939 cells
with GAPLINC silencing was examined using a Matrigel assay. (E) The migration ability of FRH0201 cells with GAPLINC overexpression was assessed
using a Transwell assay. (F) The invasion ability of FRH0201 cells with GAPLINC upregulation was examined using a Matrigel assay. (A, C and D) "P<0.01,
using one-way analysis of variance. (B, E and F) "P<0.05, using Student's t-test. Data are presented as the mean + standard deviation. GAPLINC, gastric
adenocarcinoma predictive long intergenic non-coding RNA; PHCC, perihilar cholangiocarcinoma; RT-qPCR, reverse transcription-quantitative polymerase

chain reaction.

PCAT1 (25,26), have been revealed to be associated with various
types of cancer. However, studies on the role of IncRNAs in
PHCC are relatively rare (27-29). Wang et al (27) revealed
that IncRNA H19 and HULC, upregulated by oxidative stress,
may regulate CCA cell migration and invasion by targeting

interleukin 6 and C-X-C chemokine receptor type 4 (CXCR4) via
competing endogenous RNA patterns of sponging let-7a/let-7b
and microRNA (miR)-372/miR-373, respectively. Ma et al (28)
demonstrated that the expression levels of carbamoyl phosphate
synthase 1 (CPS1) and its long non-coding RNA, CPSl-intronic
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transcript 1, were increased in intrahepatic CCA tissues and
cell lines. Additionally, overexpression of CPS1 promoted
tumor proliferation and was associated with poor liver func-
tion and a poorer prognosis in patients with intrahepatic CCA.
Tan et al (29) indicated that IncRNA metastasis-associated
lung adenocarcinoma transcript 1 may interact with miR-204
to modulate PHCC proliferation, migration and invasion by
targeting CXCR4. These studies have provided novel insight
into the roles of IncRNAs in the diagnosis and treatment of
PHCC. Therefore, the clinical significance of other IncRNAs,
including H19, HULC and CPSI-IT1 has been verified in
previous studies. The present study aimed to define the role of
GAPLINC in PHCC and therefore, the expression status of other
IncRNAs was not determined in the present study. The results
of the present study demonstrated that GAPLINC is upregulated
in PHCC cell lines and patients tissues, and that there is an
association between GAPLINC expression and PHCC clini-
copathological characteristics, OS and PFS. Furthermore, high
GAPLINC expression was demonstrated to be an independent
risk factor for PHCC, indicating that GAPLINC may also be
an effective therapeutic target for patients with PHCC. In vitro
assays further revealed that GAPLINC promoted the metastasis
and proliferation of PHCC cells.

Several different types of molecules have been suggested
to be potential diagnostic markers or therapeutic targets for
patients with cancer. However, few of them have been commonly
used in clinical practice due to relatively low specificity and/or
sensitivity. In the present study, the clinical samples were staged
based on the TNM staging criteria, a commonly used method
for evaluating tumor development in clinical practice at present.
No previous studies have verified that the expression levels of
existing tumor biomarkers are significantly associated with the
PHCC stage. CEA and CA 19-9 are widely used in the diag-
nosis of PHCC, but recent studies have reported that they lack
sufficient specificity and sensitivity (4). Therefore, the clinical
samples were not further stained using these tumor markers in
the present study. However, the association between GAPLINC
expression and certain commonly used tumor markers require
further investigation in future studies. IncRNAs may be detected
in human plasma, which is a non-invasive way to achieve early
diagnosis compared with diagnosing using protein-coding
genes, which usually requires invasive manipulation to obtain
clinical samples. Certain IncRNAs, including H19, have been
revealed to have strong potential as blood biomarkers for

the diagnosis of cancer (30). Furthermore, IncRNAs exhibit
cell-specific expression patterns to a greater degree than mRNA
and usually possess an evolutionarily conserved function and
secondary structure, making IncRNAs more appropriate for use
as diagnostic and prognostic markers.

In conclusion, the present study confirmed that the expres-
sion of GAPLINC was upregulated in PHCC tissues compared
with expression in paired adjacent non-cancerous tissues.
Furthermore, GAPLINC overexpression may promote the
development of PHCC. In addition, high GAPLINC expression
predicts a poor OS rate and an early recurrence in patients
with PHCC, and serves as an independent risk factor for PHCC
prognosis. Further analysis demonstrated that GAPLINC may
promote the metastasis and proliferation of PHCC cells. All
these results indicated that GAPLINC may be a prognostic
maker and therapeutic target in PHCC.
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