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Abstract
Cholangiocarcinoma (CCA) is one of the most aggressive and lethal malignancies. Long noncoding RNAs (lncRNAs) are 
being found to play crucial roles in CCA progression. This work aims to investigate the roles of long intergenic non-protein 
coding RNA 667 (LINC00667) in progression of CCA. RT-qPCR and western blot were applied to detect gene expression. 
Clinical correlation and survival were analyzed by statistical methods. Overexpression and RNA interference approaches 
were used to investigate the effects of LINC00667 on CCA cells. Tumor xenograft assay was performed to detect the function 
of LINC00667 in vivo. Transcriptional regulation and competing endogenous RNA (ceRNA) mechanism were predicted via 
bioinformatics analysis. ChIP, luciferase reporter, and Ago2 RIP assays further confirmed the predicted results. Our data 
indicated that LINC00667 was highly expressed in CCA tissues and cells, and transcription factor Yin Yang 1 (YY1) induced 
LINC00667 expression in CCA cells. Up-regulated LINC00667 was significantly associated with lymph node metastasis, 
advanced TNM stage, and poor prognosis. Knockdown of LINC00667 suppressed the proliferation, migration, invasion 
and epithelial-mesenchymal transition (EMT) of CCA cells, while overexpression of LINC00667 acquired opposite effects. 
Moreover, knockdown of LINC00667 inhibited tumor growth in vivo. In addition, LINC00667 was demonstrated to func-
tion as a ceRNA for miR-200c-3p, and then LINC00667 up-regulated pyruvate dehydrogenase kinase 1 (PDK1) to promote 
CCA development by inhibiting miR-200c-3p. These findings identified a pivotal role of LINC00667 in tumorigenesis and 
development of CCA. Targeting the YY1/LINC00667/miR-200c-3p/PDK1 axis may provide a new therapeutic strategy for 
CCA treatment.
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Introduction

Cholangiocarcinoma (CCA) is a group of digestive system 
malignant tumor that occurs at any location along the bil-
iary tree [1]. The incidence of CCA has been rising over the 
past two decades in most countries, especially in Thailand 
with the highest incidence of 96 cases per 100,000 [2]. Early 
diagnosis of CCA is difficult due to lack specific symptoms. 
The resistance to conventional therapies further increases the 
difficulty of treatment. Surgical resection is the only curative 
approach, but most patients have lost the opportunity for 
radical resection when diagnosis. It is necessary to identify 
the key pathological mechanisms and effective therapeutic 
targets, thereby improving the prognosis of CCA.

Long noncoding RNAs (lncRNAs) belong to a class of 
non-protein coding transcripts that are longer than 200 
nucleotides. The lncRNAs play crucial roles in regulating 
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gene expression at different stages including chromatin 
remodeling, transcription, and post-transcription regula-
tion [3]. MicroRNAs (miRNAs) are a class of small sin-
gle-stranded noncoding RNAs with 20–24 nucleotides in 
length. The miRNAs regulate gene expression at the post-
transcriptional level by inhibiting their target mRNAs [4]. 
Some lncRNAs were identified as competing endogenous 
RNAs (ceRNAs) to competitively bind miRNAs, thereby 
alleviating the miRNA-dependent inhibition of mRNAs 
[5]. Many lncRNAs and miRNAs have been shown to play 
vital roles in different physiological and pathological pro-
cesses, especially in tumor development [6].

Long intergenic non-protein coding RNA 667 
(LINC00667), located on chromosome 18p11.31, is a 
newly recognized lncRNA [7]. LINC00667 has been 
reported to be a cancer promoter in various types of 
tumors, such as glioma, lung cancer, and Wilms’ tumor 
[8–10]. Wang et  al. [8] reported that LINC00667 was 
involved in glioma tumorigenesis by promoting cancer cell 
proliferation, migration and invasion via sponging miR-
429. Yang et al. [9] demonstrated that LINC00667 acted as 
an oncogene in non-small cell lung cancer partly through 
serving as a ceRNA to suppress miR-143-3p expression. 
However, studies regarding the clinical value and biologi-
cal role of LINC00667 in CCA have not been elucidated.

MiR-200c-3p is a cancer-associated miRNA that 
belongs to the miR-200 family. Studies have shown that 
miR-200c-3p participates in regulating diverse kinds of 
cancers [11, 12]. For instance, miR-200c-3p inhibited 
cell migration and invasion of renal carcinoma by spong-
ing SLC6A1 [12]. Notably, urine miR-200c-3p was con-
firmed as potential non-invasive biomarker in patients 
with prostate cancer [13]. Pyruvate dehydrogenase kinase 
1 (PDK1), an important glycolytic enzyme, can phospho-
rylate and inactivate pyruvate dehydrogenase, thereby sup-
pressing pyruvate oxidation [14]. As a glycolytic enzyme, 
PDK1 has been identified to be closely associated with 
cancer cell proliferation, metastasis, and chemotherapy 
resistance [15, 16]. For instance, PDK1 promoted ovarian 
cancer metastasis by modulating tumor-mesothelial adhe-
sion, invasion, and angiogenesis [15].

In this study, LINC00667 was up-regulated in CCA 
tissues and cells, and its up-regulation was correlated 
with shorter survival of CCA patients. Yin Yang 1 (YY1) 
directly bound to the LINC00667 promoter and induced its 
transcription. Furthermore, LINC00667 facilitated tumor 
proliferation, migration, invasion and epithelial-mesenchy-
mal transition (EMT). For the mechanism, LINC00667 
functioned as a ceRNA to up-regulate PDK1 by sponging 
miR-200c-3p. Our data disclose the biological function of 
LINC00667 in CCA progression, and suggest LINC00667 
as a potential target for anti-cancer therapy.

Materials and methods

Patient samples

A total of 62 tumor tissues and paired adjacent tumor-
free tissues surgically removed from CCA patients were 
collected in The 2nd Affiliated Hospital of Harbin Medi-
cal University. Cancer tissues and paired adjacent tumor-
free tissues from CCA patients were immediately frozen 
in liquid nitrogen after the resection. Patients who have 
received neoadjuvant chemotherapy and radiotherapy were 
excluded. Written informed consents were acquired from 
all patients prior to the study. The protocol of this study 
was approved by the Ethics Committee of The 2nd Affili-
ated Hospital of Harbin Medical University (KY2018-
301). To investigate the clinical significance of abnormal 
LINC00667 expression in CCA patients, the 62 CCA 
patients were classified into low LINC00667 expression 
group (< the median value) and high LINC00667 expres-
sion group (> the median value) according to the median 
value of LINC00667 expression in CCA tissues. Thus, 
through relatively high and low expression grouping, we 
can analyze the correlation between LINC00667 and clin-
icopathological characteristics as well as survival in CCA 
patients by appropriate statistical methods.

Cell culture and transfection

Four CCA cell lines containing CCLP-1, QBC939, RBE, 
and HCCC-9810 as well as a normal human biliary epi-
thelial cell line HIBEC were involved in this study. RBE 
and HCCC-9810 were purchased from the Institute of 
Cell Biology of Chinese Academy of Sciences (Shanghai, 
China). CCLP-1, QBC939 and HIBEC were stored in our 
laboratory. DMEM or RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS; Invitrogen, Carlsbad, 
CA, USA) was applied for cell cultivation in a humidi-
fied atmosphere of 5% CO2 and 37 °C. The small interfer-
ing RNA (siRNA) for LINC00667 (si-LINC00667-1, si-
LINC00667-2), YY1 (si-YY1) and PDK1 (si-PDK1) with 
the corresponding negative control (si-NC), the short hair-
pin RNA (shRNA) for LINC00667 (sh-LINC00667) with 
the negative control (sh-NC), the recombinant pcDNA3.1 
plasmid for overexpressing LINC00667 (oe-LINC00667) 
and YY1 (oe-YY1) with the corresponding empty vector 
(oe-NC), the miR-200c-3p mimics with negative control 
(NC mimics) and miR-200c-3p inhibitor with negative 
control (NC inhibitor) were all obtained from GeneP-
harma (Shanghai, China) and transfected into cells using 
the Lipofectamine 3000 reagent (Invitrogen) according to 
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the manufacturer’s protocol. The siRNA sequences used in 
the present study are summarized in Table S1.

RNA extraction and real‑time quantitative 
polymerase chain reaction (RT‑qPCR)

Total RNA was extracted from CCA tissues or cells using 
the TRIzol reagent (Invitrogen) according to the instruc-
tions of manufacturer. First-strand cDNA was synthesized 
from 1 μg of total RNA by PrimeScript RT Master Mix kit 
(Takara, Shiga, Japan). Then real-time PCR was conducted 
by SYBR PrimeScript PLUS RT-PCR kit (Takara) on the 
ABI7500 PCR instrument (Applied Biosystems, Foster City, 
CA, USA). The relative fold change for gene expression was 
calculated using 2−ΔΔCt method. GAPDH and U6 were used 
as endogenous controls to normalize mRNA/lncRNA and 
miRNA expressions, respectively. Primers used in the pre-
sent study are summarized in Table S1.

Western blot analysis

CCA cells were lysed in cold RIPA buffer (Beyotime, Bei-
jing, China), and the protein concentration was quantified 
by BCA kit (Beyotime). The protein lysates were separated 
in 10% sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis and then transferred onto polyvinylidene difluoride 
membranes (Millipore, Billerica, MA, USA). The mem-
branes were blocked with 5% non-fat milk and then treated 
with primary antibody overnight at 4 °C. Following exten-
sive washing with Tris-buffered saline with 0.1% Tween-20 
(TBST) three times, the membranes were further incubated 
with secondary antibody (Abcam, Cambridge, MA) at room 
temperature. After further washing with TBST three times, 
the protein bands were detected using BeyoECL kit (Beyo-
time) according to the manufacturer’s guidelines. GAPDH 
was employed as an internal control. The antibodies against 
YY1, PDK1, E-cadherin, N-cadherin, vimentin and GAPDH 
were all obtained from Abcam.

CCK‑8 cell proliferation assay

Cell counting kit-8 (CCK-8) was utilized to detect the cell 
proliferative ability. In brief, transfected cells were seeded 
into 96-well plates. At five time points (0, 24, 48, 72, and 
96 h), 10 μl CCK-8 solution (Dojindo, Kumamoto, Japan) 
was added into each well at the same time of the day. Then, 
the absorbance of each well was measured at 450 nm by a 
microplate reader.

5‑ethynyl‑2′‑deoxyuridine (EdU) assay

Transfected cells were seeded into 96-well plates and incu-
bated for 24 h. Then, each well was incubated with 100 μl 

diluted EdU solution (Ribobio, Guangzhou, China) for 2 h. 
The cells were fixed with paraformaldehyde and stained with 
Apollo 567 and Hoechst 33,342 according to the instructions 
of manufacturer. The numbers of EdU-positive cells were 
detected under a fluorescence microscope.

Colony formation assay

Cell proliferation was also analyzed using the colony forma-
tion assay. In brief, equal numbers of CCA cells from the 
different treatment groups were seeded into 6-well plates and 
cultured with complete medium for 14 days. Then, the cell 
colonies were fixed with paraformaldehyde and stained with 
crystal violet (Beyotime). The numbers of stained colonies 
were counted.

Wound healing migration assay

After transfection, CCA cells were seeded into 6-well plates 
and cultured until more than 90% confluence. A linear 
wound was created by scratching the cell monolayer with 
a sterile pipette tip. The floating cells were washed off with 
PBS and the adherent cells were cultured with serum-free 
medium. An inverted optical microscope was used to moni-
tor the closure of the wound at 0 and 48 h.

Transwell assay

The transfected cells were collected and re-suspended in 
serum-free medium. Then, the re-suspended cells were 
seeded into transwell chambers (Corning Incorporated, 
Corning, NY, USA) with or without pre-packed Matrigel 
(BD Biosciences, San Jose, CA, USA), and the chambers 
were inserted into 24-well plates containing complete 
medium. After incubation for 24 h, the cells remaining on 
the upper membrane surface were removed using a cotton 
swab, and the cells invading into the lower membrane sur-
face were fixed with paraformaldehyde and stained with 
crystal violet. Finally, the cells were observed and counted 
using an inverted microscope.

Subcellular fractionation assay

Nuclear and cytosolic fractions were separated using a 
PARIS kit (Life Technologies, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. The expression levels 
of GAPDH, U6 and LINC00667 in the nucleus and cyto-
plasm of CCA cells were detected by RT-qPCR assays.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay certified the interplay of YY1 on LINC00667 
promoter using the EZ-ChIP kit (Millipore). The 
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cross-linked chromatin was obtained using formaldehyde. 
The separation of chromatin by sonication was conducted 
for the generation of chromatin fragments. Afterwards, 
the lysates were further incubated with IgG and anti-YY1 
(Abcam) to generate chromatin precipitations. Finally, RT-
qPCR was used to examine the relative enrichment of DNA 
fragments containing the putative YY1 binding sites in the 
LINC00667 promoter region. Primers are summarized in 
Table S1.

Luciferase reporter assay

For dual-luciferase assay, the wild type and mutation type 
of LINC00667 promoter fragment, and LINC00667 frag-
ment or PDK1 fragment were synthesized and inserted into 
a pmirGLO reporter vector (Promega, Madison, WI, USA), 
respectively. CCA cells were seeded into 96-well plates and 
co-transfected with corresponding plasmids and miRNA 
mimics using the Lipofectamine 3000 reagent. Luciferase 
activity was measured using the dual-luciferase reporter 
assay kit (Promega) after 48 h of incubation according to 
the manufacturer’s instructions.

RNA immunoprecipitation (RIP) assay

RIP assay was performed using an EZ-Magna RIP kit (Mil-
lipore) according to the manufacturer’s instructions. Trans-
fected cells were lysed in RIP lysis buffer and incubated 
with magnetic beads conjugated with normal IgG control or 
anti-Ago2 antibody (Millipore). The RNAs in the immuno-
precipitations were isolated by Proteinase K and analyzed 
by RT-qPCR.

Tumor xenograft assay

For the xenograft tumor, 5 × 106 CCLP-1 cells transfected 
with sh-LINC00667 or sh-NC were subcutaneously injected 
into the posterior flank of 5-week-old female BALB/c nude 
mice (n = 6 per group). The tumor volumes were calculated 
every 3 days by the formula 0.5 × length × width2. After 
21 days, all mice were euthanized by dislocation of cervical 
vertebra, and then the tumor weights were measured. All 
nude mice were purchased from the Vital River Laboratory 
Animal Technology Co., Ltd. (Beijing, China) and fed in 
specific-pathogen-free environment. All animal experiments 
were approved by the Animal Care and Use Committee of 
The 2nd Affiliated Hospital of Harbin Medical University 
(SYDW2018-114).

Statistical analysis

Experimental data were expressed as mean ± standard devi-
ation and evaluated using SPSS 21.0 (IBM, Chicago, IL, 

USA) and GraphPad Prism 7.0 software (GraphPad Soft-
ware, San Diego, CA, USA). One-way analysis of variance, 
two‐tailed Student’s t-test, or Pearson’s correlation analysis 
was used to estimate the obvious differences between groups. 
The relationship between LINC00667 expression and clini-
cal characteristics was evaluated using the chi-squared test. 
Receiver operating characteristic curve (ROC) analysis was 
used to evaluate the performance of prognostic prediction of 
LINC00667 expression in CCA tissues. LINC00667 expres-
sion values in CCA tissues were selected as independent 
variable in ROC analysis. The dependent variable was a 
binary variable, so survival > 3 years was defined as good 
prognosis, and survival ≤ 3 years was defined as poor prog-
nosis. Hence, the value of area under curve (AUC) and the 
sensitivity and specificity of optimal LINC00667 cut-off 
value could evaluate the performance of LINC00667 prog-
nostic prediction in CCA. Each experiment was repeated at 
least three times. P value < 0.05 was indicative of statisti-
cally significant difference.

Results

LINC00667 was up‑regulated in CCA and predicted 
a poor outcome for CCA patients

To elucidate the functions of LINC00667 on CCA progres-
sion, experiments were carried out to observe the expres-
sion of LINC00667 in CCA tissues and cells. Data from 
The Cancer Genome Atlas (TCGA) database exhibited that 
LINC00667 expression was significantly enhanced in CCA 
(P < 0.001, Fig. 1a). In addition, results from RT-qPCR 
showed that the expression of LINC00667 was also remarka-
bly up-regulated in CCA tissues compared with paired adja-
cent tumor-free tissues (Fig. 1b). For LINC00667 expres-
sion at cell level, we confirmed that LINC00667 expression 
was up-regulated in CCLP-1, QBC939, RBE, and HCCC-
9810 cells compared with that in normal HIBEC (Fig. 1c). 
Afterwards, we further explored the correlation between 
LINC00667 expression and clinicopathological features by 
χ2 test. Using the median value of LINC00667 expression 
in CCA tissues as the cut-off value, we divided the 62 CCA 
patients into high LINC00667 expression group and low 
LINC00667 expression group. Then, the results revealed 
that high expression of LINC00667 was associated with 
lymph node metastasis and advanced TNM stage, but there 
was no statistical difference between LINC00667 expression 
and other clinicopathological parameters of patients with 
CCA (Table 1). Moreover, we analyzed the survival corre-
lation by Kaplan–Meier method, and the results confirmed 
that patients with increased LINC00667 expression had 
poorer overall survival than those with decreased expres-
sion of LINC00667 (log rank P < 0.001, Fig. 1d). We also 
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Fig. 1   The expression level and clinical significance of LINC00667 
in CCA. a The prediction of LINC00667 expression in CCA by 
TCGA database. ***P < 0.001. b Relative expression of LINC00667 
in CCA tissues (n = 62) and matched adjacent non-tumor tissues 
(n = 62). ***P < 0.001. c RT-qPCR analysis of the expression level of 
LINC00667 in CCA cell lines. Error bars represent the mean ± SD of 
three independent experiments. **P < 0.01, ***P < 0.001. d Kaplan–

Meier curve for overall survival in patients with CCA according to 
LINC00667 expression (patients grouping according to median 
expression of LINC00667). Log rank P < 0.001. e ROC curve for 
prognostic evaluation ability of LINC00667 in predicting prognosis 
of CCA patients. AUC: 0.830 (95% CI: 0.748–0.911), sensitivity: 
87.5%, specificity: 72%. ***P < 0.001

Table 1   Correlation between 
LINC00667 expression 
and clinicopathological 
characteristics of CCA patients

LINC00667 long intergenic non-protein coding RNA 667, CCA​ cholangiocarcinoma
*P < 0.05

Clinicopathological parameters Total cases 
(n = 62)

LINC00667 expression P value

Low (n = 31) High (n = 31)

Age (years)
  < 60 18 12 6 0.161
  ≥ 60 44 19 25

Gender
 Male 27 11 16 0.306
 Female 35 20 15

Histological type
 Adenocarcinoma 56 29 27 0.671
 Non-adenocarcinoma 6 2 4

Differentiation grade
 Well/moderate 24 16 8 0.067
 Poor/undifferentiated 38 15 23

TNM stage
 I–II 22 16 6 0.016*

 III–IV 40 15 25
Lymph node invasion
 Yes 36 13 23 0.020*

 No 26 18 8
HBV infection
 Positive 17 10 7 0.570
 Negative 45 21 24

Serum CA19-9 level
  > 37 U/ml 39 17 22 0.293
  ≤ 37 U/ml 23 14 9

Serum CEA level
  > 5 ng/ml 37 15 22 0.120
  ≤ 5 ng/ml 25 16 9
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performed univariate and multivariate analyses to evaluate 
the prognostic value of LINC00667 expression and other 
clinicopathological features. The univariate analysis showed 
that the lymph node invasion, advanced TNM stage and high 
LINC00667 expression were significantly correlated with 
the overall survival, and the multivariate analysis revealed 
that high LINC00667 expression was an independent poor 
prognostic factor for CCA patients (Table 2). Finally, ROC 
analysis indicated that LINC00667 had great prognostic 
evaluation ability in CCA when 3-year survival was defined 
as a threshold for good and poor prognosis. The AUC of 
LINC00667 expression was 0.830 (95% CI: 0.748–0.911) 
with 87.5% sensitivity and 72% specificity at the best cut-off 
value of 6.72 (P < 0.001, Fig. 1e).

LINC00667 promoted CCA cell proliferation in vitro 
and in vivo

To explore the biological functions of LINC00667 on 
CCA development, loss-of-function and gain-of-function 
experiments on CCLP-1 and QBC939 cells were per-
formed by transfection with si-LINC00667 and pcDNA3.1/
LINC00667. We found that LINC00667 expression was sig-
nificantly reduced in CCLP-1 cells after transfection with si-
LINC00667-1 and si-LINC00667-2, and its expression was 

significantly up-regulated in QBC939 cells after transfection 
with pcDNA3.1/LINC00667 (Fig. 2a). Then, CCK-8 assay 
revealed that knockdown of LINC00667 suppressed the pro-
liferation of CCLP-1 cells, and up-regulation of LINC00667 
promoted QBC939 cell proliferation (Fig. 2b). The prolifera-
tive ability of CCA cells was also determined by EdU assays. 
The results uncovered that knockdown of LINC00667 
inhibited CCA cell proliferation, while overexpression of 
LINC00667 remarkably promoted the proliferation of CCA 
cells (Fig. 2c). Moreover, the effects of LINC00667 on the 
clonogenic capabilities of CCA cells were determined by 
colony formation assays. The results demonstrated that the 
numbers of cell colonies were markedly decreased after 
silencing LINC00667, while the numbers of cell colonies 
were increased after LINC00667 overexpression (Fig. 2d). 
In addition, we examined the effects of LINC00667 on the 
proliferation of CCA cells in vivo. As shown in Fig. 2e–g, 
both volumes and weights of xenograft tumors were signifi-
cantly restrained in the LINC00667 knockdown group com-
pared with those in the negative control group. Furthermore, 
the protein expression level of EMT-related markers (E-cad-
herin, N-cadherin and vimentin) was detected in xenograft 
tumors by western blot. The results showed that E-cadherin 
expression was up-regulated after silencing LINC00667, 
while the expression of N-cadherin and vimentin was 

Table 2   Univariate and 
multivariate analyses for overall 
survival of CCA patients

CCA​ cholangiocarcinoma, HR hazard ratio, CI confidence interval, LINC00667 long intergenic non-protein 
coding RNA 667
*P < 0.05, **P < 0.01

Variables Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age (years)
  ≥ 60 vs. < 60 1.442 0.762–2.729 0.261

Gender
 Male vs. female 1.331 0.748–2.367 0.331

Histological type
 Adenocarcinoma vs. non-adenocarcinoma 1.276 0.700–2.326 0.427

Differentiation grade
 Poor/undifferentiated vs. well/moderate 1.671 0.939–2.973 0.081

HBV infection
 Positive vs. negative 1.381 0.769–2.481 0.280

Serum CA19-9 level
  > 37 U/ml vs. ≤ 37 U/ml 1.466 0.829–2.594 0.189

Serum CEA level
  > 5 ng/ml vs. ≤ 5 ng/ml 1.576 0.889–2.794 0.119

TNM stage
 III–IV vs. I–II 2.159 1.183–3.939 0.012* 2.294 1.247–4.221 0.008**

Lymph node invasion
 Yes vs. no 1.990 1.099–3.604 0.023* 1.876 0.989–3.560 0.054

LINC00667 expression
 Low vs. high 2.014 1.118–3.629 0.020* 2.181 1.203–3.955 0.010*
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down-regulated by knocking down LINC00667 compared 
with the sh-NC group, respectively (Fig. 2h). These data 
suggest that LINC00667 as an oncogene promotes CCA pro-
liferation and invasion.

LINC00667 promoted CCA cell migration, invasion 
and EMT process

Next, we explored the role of LINC00667 in the migration 
and invasion of CCA cells. As shown in Fig. 3a, wound 
healing assay indicated that the migratory ability of CCLP-1 
cells was attenuated by LINC00667 knockdown com-
pared with the si-NC group, while the migratory ability of 
QBC939 cells was enhanced by LINC00667 overexpres-
sion compared with the oe-NC group. In addition, transwell 
migration and invasion assays demonstrated that knock-
down of LINC00667 reduced the numbers of migratory 
and invasive cells compared with the si-NC group, whereas 
the numbers of migratory and invasive cells were increased 

by overexpressing LINC00667 compared with the oe-NC 
group (Fig. 3b, c). To explore the effect of LINC00667 on 
EMT, we detected the expression of E-cadherin, N-cadherin, 
and vimentin in CCA cells with LINC00667 knockdown or 
overexpression. The results showed that E-cadherin expres-
sion was down-regulated by overexpressing LINC00667 
but up-regulated by silencing LINC00667 in CCA cells. 
Conversely, the expression of N-cadherin and vimentin was 
up-regulated in oe-LINC00667 cells but down-regulated in 
si-LINC00667 cells (Fig. 3d). These findings suggest that 
LINC00667 as a cancer-promoting lncRNA contributes to 
cell migration, invasion and EMT process in CCA.

LINC00667 was transcriptionally activated by YY1

Mounting evidence confirmed that transcription factors 
played vital roles in the modulation of lncRNA expres-
sion [17]. Hence, for further finding the regulator of 
LINC00667, we first performed bioinformatics analysis 

Fig. 2   LINC00667 promoted CCA cell proliferation in  vitro and 
in  vivo. a LINC00667 expression with knockdown or overexpres-
sion was confirmed by RT-qPCR. Error bars represent the mean ± SD 
of three independent experiments. ***P < 0.001. b CCK8 assay was 
performed to measure the effect of LINC00667 on CCA cell prolif-
eration. Error bars represent the mean ± SD of three independent 
experiments. **P < 0.01. c Cell proliferation was further examined in 
si-LINC00667 and oe-LINC00667 cells by EdU assay. Error bars rep-
resent the mean ± SD of three independent experiments. **P < 0.01. d 
The effect of LINC00667 on colony forming ability was detected by 
colony formation assay in CCLP-1 and QBC939 cells after transfec-

tion. Error bars represent the mean ± SD of three independent experi-
ments. **P < 0.01. e CCLP-1 cells transfected with sh-LINC00667 
or sh-NC were subcutaneously injected into the posterior flanks 
of the mice (n = 6 per group), and the xenograft tumors transfected 
with sh-LINC00667 were significantly inhibited in comparison 
with the tumors transfected with sh-NC after 21  days. f The tumor 
volumes were calculated every 3  days. ***P < 0.001. g The tumor 
weights were measured after excision. ***P < 0.001. h The effect of 
LINC00667 on EMT process was detected in xenograft tumors by 
western blot assays. *P < 0.05, **P < 0.01
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using JASPAR database (https​://jaspa​r.gener​eg.net/). As 
shown in Fig. 4a, transcription factor YY1 was predicted 
to potentially bind to LINC00667 promoter including 

three binding sites (E1, E2 and E3). We next success-
fully synthesized YY1 siRNAs and pcDNA3.1/YY1 
overexpressing vector (Fig. 4b). The data demonstrated 

Fig. 3   LINC00667 promoted CCA cell migration, invasion and EMT 
process. a Wound healing migration assay detected the effects of 
silencing and overexpressing LINC00667 on cell migration. Error 
bars represent the mean ± SD of three independent experiments. 
*P < 0.05, **P < 0.01. b Transwell without matrigel assay showed 
that LINC00667 knockdown inhibited cell migration, but LINC00667 
overexpression promoted cell migration. Error bars represent the 
mean ± SD of three independent experiments. *P < 0.05, **P < 0.01. 

c The effect of LINC00667 on cell invasion was detected by tran-
swell with matrigel assay. Error bars represent the mean ± SD of 
three independent experiments. **P < 0.01. d Western blot analysis 
of the EMT-related markers including E-cadherin, N-cadherin and 
vimentin in si-LINC00667 and oe-LINC00667 cells, respectively. 
Error bars represent the mean ± SD of three independent experiments. 
**P < 0.01

Fig. 4   LINC00667 was transcriptionally activated by YY1. a YY1 
binding motif and the prediction of YY1 binding sites in the pro-
moter region of LINC00667 provided by the JASPAR database. b 
The knockdown and amplification efficiencies of YY1 in CCA cells 
were determined by RT-qPCR and western blot. Error bars repre-
sent the mean ± SD of three independent experiments. ***P < 0.001. 
c RT-qPCR analysis of LINC00667 expression in CCA cells after 
transfection with si-YY1 and pcDNA3.1/YY1. Error bars repre-

sent the mean ± SD of three independent experiments. **P < 0.01, 
***P < 0.001. d RT-qPCR analysis of the ChIP products validated 
the binding capacity of YY1 to the LINC00667 promoter. Error 
bars represent the mean ± SD of three independent experiments. 
***P < 0.001. e Luciferase reporter assay was further performed to 
confirm the direct binding of YY1 to LINC00667 promoter. Error 
bars represent the mean ± SD of three independent experiments. 
***P < 0.001

https://jaspar.genereg.net/


195Yin Yang 1-induced LINC00667 up-regulates pyruvate dehydrogenase kinase 1 to promote…

1 3

that knockdown of YY1 remarkably reduced LINC00667 
expression, while overexpression of YY1 markedly 
increased LINC00667 expression in CCA cells (Fig. 4c). 
The binding relation between YY1 and LINC00667 pro-
moter was verified by ChIP assay and luciferase reporter 
assay. ChIP assay demonstrated that the binding site E1 
of LINC00667 promoter was responsive to YY1-induced 
transcription, while no evident changes were found in the 
binding sites E2 and E3 (Fig. 4d). Furthermore, luciferase 
reporter assay confirmed that overexpression of YY1 
enhanced luciferase activities of CCA cells transfected 
with binding site E1 wild type, but not binding site E1 
mutant type (Fig. 4e). These data suggest that YY1 func-
tions as a transcription regulator of LINC00667 expres-
sion by directly binding to LINC00667 promoter.

LINC00667 was involved in CCA progression 
by sponging miR‑200c‑3p

To further investigate the mechanism by which LINC00667 
promoted the proliferation and invasion of CCA cells, we 
analyzed LINC00667 localization in CCA cells by sub-
cellular fractionation assay. The results confirmed that 
LINC00667 was widely distributed in cytoplasm (Fig. 5a), 
suggesting LINC00667-induced mechanism mainly at post-
transcriptional level. It is known that lncRNAs can func-
tion as a ceRNA to indirectly enhance protein expression 
by competing for shared miRNAs. Thus, we predicted the 
potential miRNA targets of LINC00667 using the bioinfor-
matics database StarBase v3.0 (https​://starb​ase.sysu.edu.
cn/). The miR-200c-3p was speculated as a target gene of 
LINC00667 in CCA on the basis of the predicted binding 
site between them.

Fig. 5   LINC00667 contributed to CCA progression by sponging 
miR-200c-3p. a Relative LINC00667 expression in the cytoplasm 
and nuclei of CCLP-1 and QBC939 cells was determined by RT-
qPCR. b The miR-200c-3p expression was measured in CCA cells 
with LINC00667 overexpression or knockdown. Error bars repre-
sent the mean ± SD of three independent experiments. **P < 0.01, 
***P < 0.001. c Relative expression of miR-200c-3p in CCA tis-
sues (n = 62) and matched adjacent non-tumor tissues (n = 62). 
***P < 0.001. d Correlation between LINC00667 and miR-200c-3p 
expression in CCA specimens (n = 62) detected by RT-qPCR. 
r = −  0.5168, ***P < 0.001. e RT-qPCR analysis of the expression 
level of miR-200c-3p in CCA cell lines. Error bars represent the 
mean ± SD of three independent experiments. **P < 0.01. f, g The 

miR-200c-3p expression with knockdown or overexpression was 
confirmed by RT-qPCR. Error bars represent the mean ± SD of three 
independent experiments. ***P < 0.001. h Luciferase activity in CCA 
cells was detected by co-transfection with miR-200c-3p mimics and 
luciferase reporter plasmids containing LINC00667 wild type or 
mutant type. Error bars represent the mean ± SD of three independ-
ent experiments. ***P < 0.001. i Ago2 RIP assay was performed in 
CCLP-1 and QBC939 cells. Error bars represent the mean ± SD of 
three independent experiments. ***P < 0.001. j–l LINC00667 siRNA 
and miR-200c-3p inhibitor were co-transfected into CCLP-1 cells, 
and cellular proliferation and invasion were detected by CCK8, EdU 
and transwell assays. Error bars represent the mean ± SD of three 
independent experiments. *P < 0.05, **P < 0.01

https://starbase.sysu.edu.cn/
https://starbase.sysu.edu.cn/
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As shown in Fig. 5b, knocking down LINC00667 was 
found to observably elevate miR-200c-3p expression in CCA 
cells, whereas overexpressing LINC00667 suppressed the 
expression of miR-200c-3p compared with controls. The 
expression of miR-200c-3p in both tumor tissues and paired 
adjacent tumor-free tissues was detected via RT-qPCR. The 
data revealed that miR-200c-3p expression was remark-
ably decreased in tumor tissues in comparison with that in 
paired adjacent tumor-free tissues (Fig. 5c). Moreover, miR-
200c-3p expression displayed a negative correlation with 
the LINC00667 expression in CCA tissues (r = − 0.5168, 
P < 0.001, Fig. 5d). In addition, miR-200c-3p expression was 
significantly down-regulated in CCA cells compared with 
controls (Fig. 5e). To explore whether LINC00667 could 
interact with miR-200c-3p, we constructed the luciferase 
reporter plasmids containing wild-type or mutant binding 
sites of LINC00667. The knockdown and overexpression 
efficiencies of miR-200c-3p were showed in Fig. 5f, g. 
The results of luciferase reporter assays demonstrated that 
the luciferase activity in wild-type LINC00667 group was 
decreased after co-transfection with miR-200c-3p mimics, 
but the luciferase activity in mutant LINC00667 group was 
not changed (Fig. 5h). Subsequently, to validate whether 
LINC00667 could sponge miR-200c-3p, Ago2 RIP assay 
was further conducted. As shown in Fig. 5i, LINC00667 was 

more abundant in anti-Ago2 + miR-200c-3p mimics group. 
These results suggest that LINC00667 acts as a miR-200c-3p 
sponge in CCA cells.

Next, we intended to investigate whether LINC00667 pro-
moted the proliferation and invasion of CCA cells through 
sponging miR‐200c-3p. The CCK-8 and EdU rescue assays 
showed that the inhibition of cell proliferation caused by si-
LINC00667 was partly rescued by miR‐200c-3p inhibitor 
in CCLP-1 cells (Fig. 5j, k). LINC00667 knockdown obvi-
ously repressed CCA cell invasion confirmed by transwell 
assays; nevertheless, the inhibitory effect was attenuated by 
co-transfection with miR-200c-3p inhibitor (Fig. 5l). These 
data suggest that LINC00667 suppresses miR-200c-3p 
expression to facilitate the proliferation, migration and inva-
sion of CCA.

LINC00667 up‑regulated PDK1 by competitively 
binding miR‑200c‑3p to accelerate CCA 
development

The predicted binding site of miR-200c-3p at the 3′-UTR of 
PDK1 mRNA was identified using StarBase v3.0 database. 
Interestingly, PDK1 mRNA and LINC00667 shared the 
overlapped binding sequences of miR-200c-3p. Accordingly, 
we tried to verify the correlation between miR-200c-3p and 

Fig. 6   PDK1 was a direct target of miR-200c-3p in CCA. a The 
PDK1 expression was measured in CCA cells with miR-200c-3p 
overexpression or knockdown. Error bars represent the mean ± SD 
of three independent experiments. ***P < 0.001. b Relative expres-
sion of PDK1 mRNA in CCA tissues (n = 62) and matched adjacent 
non-tumor tissues (n = 62). ***P < 0.001. c Correlation between miR-
200c-3p and PDK1 mRNA expression in CCA specimens (n = 62) 
detected by RT-qPCR. r = − 0.5074, ***P < 0.001. d Relative expres-
sion of PDK1 mRNA and protein in CCA cells. Error bars represent 
the mean ± SD of three independent experiments. **P < 0.01. e Lucif-

erase activity in CCA cells was detected by co-transfection with miR-
200c-3p mimics and luciferase reporter plasmids containing PDK1 
wild type or mutant type. Error bars represent the mean ± SD of 
three independent experiments. ***P < 0.001. f Ago2 RIP assay fur-
ther verified the direct interaction between miR-200c-3p and PDK1. 
Error bars represent the mean ± SD of three independent experiments. 
***P < 0.001. g The knockdown efficiency of PDK1 in CCA cells 
were determined by RT-qPCR and western blot. Error bars represent 
the mean ± SD of three independent experiments. ***P < 0.001
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PDK1. RT-qPCR and western blot assays showed that over-
expression of miR-200c-3p suppressed the expression of 
PDK1 mRNA and protein, and inhibition of miR-200c-3p 
expression promoted the expression of PDK1 mRNA and 
protein (Fig. 6a). The expression of PDK1 mRNA in both 
tumor tissues and paired adjacent tumor-free tissues was 
detected via RT-qPCR. The data revealed that PDK1 mRNA 
expression was remarkably increased in tumor tissues in 
comparison with that in paired adjacent tumor-free tissues 
(Fig. 6b). Moreover, PDK1 mRNA expression displayed a 
negative correlation with the miR-200c-3p expression in 
CCA tissues (r = − 0.5074, P < 0.001, Fig. 6c). In addition, 
the expression of PDK1 was higher in CCA cells than nor-
mal HIBEC cells at both mRNA and protein levels (Fig. 6d). 
Luciferase reporter plasmids of PDK1 wild type and mutant 
type were constructed, and only co-transfection of the PDK1 
wild-type plasmids and miR-200c-3p mimics significantly 
decreased the luciferase activity of CCA cells (Fig. 6e). 
Consistently, RIP assay displayed that PDK1 mRNA was 

significantly enriched by anti-Ago2 antibodies with miR-
200c-3p mimics in CCA cells (Fig. 6f). These results suggest 
that PDK1 is a direct target of miR-200c-3p in CCA cells.

To investigate whether LINC00667 promoted the pro-
liferation and invasion of CCA cells via miR-200c-3p and 
PDK1, rescue assays were performed. PDK1 expression was 
significantly decreased by transfection with PDK1 siRNA 
in CCA cells (Fig. 6g). The restoration of miR-200c-3p 
by transfection with miR-200c-3p inhibitor reversed the 
reduced mRNA and protein levels of PDK1 induced by 
LINC00667 knockdown. On the contrary, the restoration 
of miR-200c-3p by transfection with miR-200c-3p mimics 
rescued the increased mRNA and protein levels of PDK1 
induced by overexpressing LINC00667 (Fig. 7a). The pro-
motive effects of cell proliferation and invasion induced by 
LINC00667 overexpression in CCK8, EdU and transwell 
assays were partly restored by co-transfection with si-PDK1 
(Fig. 7b–d). Finally, we confirmed that down-expression of 
miR-200c-3p obviously promoted CCA cell proliferation and 

Fig. 7   LINC00667 up-regulated PDK1 by competitively binding 
miR-200c-3p to accelerate CCA development. a Relative expression 
level of PDK1 was assessed by RT-qPCR and western blot after co-
transfection with LINC00667 siRNA and miR-200c-3p inhibitor, 
or LINC00667-overexpressing plasmid and miR-200c-3p mimics. 
Error bars represent the mean ± SD of three independent experi-
ments. **P < 0.01. b–d CCK8, EdU and transwell assays indicated 
that the promotive effects of proliferation and invasion induced by 

LINC00667 overexpression were partly reversed by silencing PDK1. 
Error bars represent the mean ± SD of three independent experiments. 
*P < 0.05, **P < 0.01. e–g The promotive effects of proliferation and 
invasion induced by miR-200c-3p inhibitor were partly reversed by 
silencing PDK1 in CCK8, EdU and transwell assays. Error bars rep-
resent the mean ± SD of three independent experiments. *P < 0.05, 
**P < 0.01
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invasion; however, these promotive effects were attenuated 
by PDK1 knockdown (Fig. 7e–g). Taken together, our study 
confirmed that LINC00667 was a pivotal cancer-promoting 
lncRNA in CCA, and YY1/LINC00667/miR-200c-3p/PDK1 
pathway exhibited crucial functions in CCA development.

Discussion

The crucial roles of lncRNAs in the occurrence and devel-
opment of tumors have become a focus of cancer basic 
research. Numerous lncRNAs have been identified as onco-
genes or tumor-suppressive genes involved in the devel-
opment of cancers [18]. Shen et al. [19] confirmed that 
lncRNA KCNQ1OT1 was up-regulated in osteosarcoma 
and promoted osteosarcoma growth. Wu et al. [20] testi-
fied that lncRNA MEG3 served as a tumor-suppressive gene 
in prostate cancer and inhibited the progression of prostate 
cancer. Interestingly, we observed that LINC00667 was 
highly expressed in CCA tissues according to TCGA data-
base analysis. Moreover, LINC00667 has been confirmed 
as a cancer-promoting lncRNA in various cancers includ-
ing glioma, non-small cell lung cancer, and Wilms’ tumor. 
Therefore, we decided to investigate whether LINC00667 
played a biological role in CCA.

We explored the clinical significance of LINC00667 in 
patients with CCA, and found that its overexpression was 
correlated with lymph nodes metastasis, advanced TNM 
stage, and poor 5-year overall survival. To further deter-
mine the potential of LINC00667 as a valuable biomarker 
for patients with CCA, we performed univariate and multi-
variate analyses. And our results demonstrated that increased 
LINC00667 expression was an independent poor prognos-
tic marker of overall survival of CCA patients. In addition, 
the ROC analysis indicated that the expression detection of 
LINC00667 had an acceptable prognostic efficacy in predict-
ing the overall survival of CCA patients. LncRNAs were 
involved in tumor progression by regulating cellular bio-
logical behaviors, such as proliferation, apoptosis, invasion, 
stemness maintenance, and chemotherapy resistance [21]. 
Shen et al. [22] confirmed that lncRNA AGAP2-AS1 accel-
erated esophageal cancer development by restraining cellular 
apoptosis and promoting tumor cell proliferation, migration 
and invasion. In our study, CCK-8, EdU, and colony forma-
tion assays were conducted to detect CCA cell viability, and 
wound healing and transwell assays were performed to meas-
ure cellular mobility. The data demonstrated that knockdown 
of LINC00667 inhibited cell proliferation, migration and 
invasion, whereas overexpression of LINC00667 promoted 
cell proliferation, migration and invasion. Moreover, tumor 
xenograft assay confirmed that knockdown of LINC00667 
inhibited tumor growth in vivo. In addition, the effect of 
LINC00667 on the EMT process was detected by western 

blot assays. The results demonstrated that LINC00667 pro-
moted the EMT process of CCA by suppressing epithelial 
marker E-cadherin expression and promoting the expression 
of mesenchymal marker N-cadherin and vimentin.

It has been previously demonstrated that transcription fac-
tors like STAT1, AR, and SP1 may act as positive regulators 
involved in the transcription of downstream factors including 
lncRNAs [23–25]. In this study, to explore the mechanism 
involved in the dysregulation of LINC00667, we used JAS-
PAR online database to predict the possible transcription 
factors. The data found that transcription factor YY1 bound 
to the LINC00667 promoter region with high scores. YY1 
has been confirmed to be involved in various tumor progres-
sion and associated with poor clinical outcome of tumor 
patients [26]. For example, YY1 activated LINC00673 tran-
scription to promote the growth of breast cancer [27]. In 
our study, we confirmed that knockdown of YY1 markedly 
inhibited LINC00667 expression, whereas overexpression 
of YY1 promoted the expression of LINC00667. Moreo-
ver, we performed ChIP and luciferase reporter assays, and 
these assays demonstrated the direct binding between YY1 
and LINC00667 promoter region. To sum up, these results 
revealed that the up-regulation of LINC00667 in CCA was 
partly induced by YY1.

It has been confirmed that lncRNAs can act as endog-
enous molecular sponges to regulate target mRNAs expres-
sion by competitively binding to their shared binding sites 
on miRNAs [28]. By bioinformatics analysis, we found that 
LINC00667 and PDK1 had the overlapped binding site 
on miR-200c-3p, suggesting the possible ceRNA relation 
between them. RT-qPCR assays confirmed that LINC00667 
and PDK1 were significantly up-regulated in CCA tissues 
and cells, while miR-200c-3p was down-expressed in CCA 
tissues and cells compared with controls. Pearson correla-
tion analysis confirmed that the expression of LINC00667 
and miR-200c-3p in CCA tissues possessed inverse correla-
tion, and PDK1 expression was also negatively related to 
miR-200c-3p expression in CCA tissues. Furthermore, the 
loss-of-function and gain-of-function experiments demon-
strated that LINC00667 inhibited miR-200c-3p expression, 
and miR-200c-3p inhibited PDK1 expression in CCA cells. 
More importantly, LINC00667 overexpression promoted 
PDK1 expression, which was partly rescued by overex-
pressing miR-200c-3p. The luciferase reporter and Ago2 
RIP assays further confirmed the direct binding abilities 
of LINC00667 to miR-200c-3p and miR-200c-3p to PDK1 
mRNA. Finally, the rescue assays indicated that LINC00667 
promoted the proliferation and invasion of CCA cells by 
regulating miR-200c-3p/PDK1.

In conclusion, we first reported that LINC00667 exerted 
an oncogenic function in CCA. LINC00667 promoted the 
proliferation, migration, invasion and EMT of CCA cells by 
the regulation axis of YY1/LINC00667/miR-200c-3p/PDK1. 
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In addition, LINC00667 overexpression represented a poor 
prognosis of CCA patients. Consequently, LINC00667 is 
expected to be a valuable target for diagnosis and therapy 
of CCA.
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