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Abstract
Background: PCED1B-AS1 has been characterized as an oncogene in glioma, while its role in
hepatocellular carcinoma (HCC) is unknown. This study was performed to analyze the involvement of
PCED1B-AS1.
Methods: Expression of PCED1B-AS1 in paired HCC and non-tumor tissues from 62 HCC patients was
determined by RT-qPCR. The correlation between PCED1B-AS1 and miR-10a or BCL6 was analyzed by
linear regression. The 62 HCC patients were followed up for 5 years to analyze the prognostic value of
PCED1B-AS1 for HCC. The interactions among PCED1B-AS1, miR-10a and BCL6 were analyzed by
overexpression experiments. Cell proliferation was analyzed by CCK-8 assay.
Results: PCED1B-AS1 was upregulated in HCC and predicted poor survival. Across HCC tissues, PCED1BAS1 was inversely correlated with miR-10a, and positively correlated with BCL6 mRNA. In HCC cells,
PCED1B-AS1 overexpression mediated the downregulation of miR-10a and upregulation of BCL6.
Moreover, PCED1B-AS1 overexpression reduced the inhibitory effects of miR-10a overexpression on BCL6
expression and cell proliferation.
Conclusions: PCED1B-AS1 is overexpressed in HCC and regulates miR-10a/BCL6 axis to promote cell
proliferation.

Introduction
Liver cancer is a common malignancy that accounts for a considerable portion of new cancer cases and
mortalities [1]. It is estimated that liver cancer in 2018 caused a total of 781,631 deaths, accounting for
82% of all cancer deaths, and affected a total of 841,080 new cases, which were the 4.7% of all new
cases [2]. Despite the advances in the diagnosis and treatment of HCC, only 44% HCC patients are
diagnosed at early stage, resulting in a 5-year overall survival rate of 33% [3]. However, distant tumor
metastasis is common in liver cancer, and once distant metastasis has occurred, only less than 2% of
patients can survive for 2 years [4]. Therefore, novel therapeutic and preventative approaches are still
needed to improve patients’ survival.
It has been well established that infections of HBC and HCV, cirrhosis and alcohol abuse are the major
risk factors for liver cancer [5–6]. However, having these risk factors is not su cient for the initiation and
development of liver cancer [7]. In effect, a considerable number of molecular factors have been identi ed
in the progression of liver cancer [8]. Some of the molecular factors have been proven to be potential
targets for targeted therapy, which can be performed to suppress tumor by regulating regulated gene
expression [9, 10]. However, effect targets for targeted therapy remain lack. With protein-coding capacity,
lncRNAs participate in human diseases by regulating gene expression at multiple levels [11, 12],
suggesting the potential role of lncRNAs as targets for targeted therapy. PCED1B-AS1 has been
characterized as an oncogene in glioma [13, 14], while its role in liver cancer is unknown. Our preliminary
deep sequencing analysis showed that PCED1B-AS1 expression altered in hepatocellular carcinoma
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(HCC), a major subtype of liver cancer, and it is inversely correlation with miR-10a, which targets BCL6 to
player tumor suppressive roles [15]. This study was therefore carried out to explore the interaction
between PCED1B-AS1, miR-10a and BCL6 in HCC.

Methods

HCC patients and tissue collections
This study was approved by Ethics Committee of Inner Mongolia People’s Hospital. A total of 62 HCC
patients (38 males and 24 females) were enrolled at the aforementioned hospital from March 2014 to
May 2015. Age of these patients ranged from 44 to 69 years (57.1 ± 5.6 years). Other clinical disorders or
therapy may also affect gene expression, this study excluded patients with initiated therapy or
complicated with other clinical disorders. All the 62 patients were diagnosed for the rst time and no
recurrent cases were included. Based on their medical record, HBV-positive was observed in 23 cases,
HCV-positive was observed in 29 cases, and the rest 10 cases were negative for both. Prior to therapy,
HCC and paired non-tumor tissues were collected through ne needle aspiration from all patients. Tissues
were con rmed by histopathological exam and were stored in a liquid nitrogen tank before use. Patients
signed informed consent.

Treatments and follow-up
The 62 groups were classi ed into AJCC stage I (n=8), II (n=12), III (n=20) and IV (n=22). Therapies were
determined according to their AJCC stages and other medical conditions. From the day of admission,
patients were visited monthly to record their survival conditions. Patients died of caused unrelated to HCC
were not included.

HCC cells and transient transfections
HCC cell line SNU-182 from ATCC (USA) was included as the cell model of HCC. RPMI 1640 medium
supplemented with 10% FBS was used as cell culture medium. At 37 °C, SNU-182 cells were cultivated in
a 5% CO2 and 95% humidity incubator.
Backbone expression vector of PCED1B-AS1 or BCL6 was established using pcDNA3.1 vector
(Invitrogen). Mimic of miR-10a and negative control (NC) miRNA were synthesized by Sigma-Aldrich.
Through lipofectamine 2000 (Invitrogen)-mediated transient transfections, SNU-182 cells were
transfected with 1μg expression vector or 35 nM miRNA. NC experiments were performed by transfecting
the same amount of empty vector or NC miRNA into the same number of cells. Prior to subsequent
experiments, cells were cultivated in fresh medium for 48h.
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RNA preparations
Total RNA isolation from SNU-182 cells and tissue samples was performed using Ribozol reagent
(Invitrogen). DNase I was used to incubate RNA samples for 2h at 37 °C for complete genomic DNA
removal.

RT-qPCRs
Using SS-IV-RT system (Invitrogen), RNA samples were used as template to synthesize cDNA through
reverse transcriptions. QuantiFast SYBR Green PCR Kit (QIAGEN) was them used to perform qPCRs with
GAPDH as internal control to determine the expression of PCED1B-AS1 and BCL6 mRNA. Mature miR-10a
expression was determined using All-in-One™ miRNA qRT-PCR Reagent Kit (Genecopoeia) with all steps
performed following manufacturer’s instructions. U6 was used as the internal control of miR-10a. Each
qPCR was performed in three technical replicates and 2-ΔΔCq was used to normalize Ct values of target
genes to internal controls.

Western blot
Total protein isolation from transfected cells and protein quanti cation were performed using RIPA
solution (Invitrogen) and BCA assay, respectively. At 95°C, protein samples were incubated for 15min for
protein denaturation. A 6% SDS-PAGE gel was used to separate proteins, and PVDF membranes were
used to transfer proteins. To block membranes, PBS containing 5% non-fat milk was used to incubate
membranes for 2h at 25°C. Primary antibodies of BCL6 (ab203619, Abcam) and GAPDH (ab9485,
Abcam) were used to incubate membranes at 4°C for 12h. After that, secodary antibody of lgG-HRP
(ab6721, Abcam) was used to incubate the membranes at 25°C for 2h. ECL (Invitrogen) was dropped
onto membranes to develop signals. Data normalization was performed using Quantity One software.

CCK-8 kit
SNU-182 cells with transfections were harvetsed and were subjected to CCK-8 cell proliferation analysis.
Cells were transferred to a 96-well cell culture plate with 4000 cells in 0.1 ml fresh medium. At 37°C, cells
were cultivated and CCK-8 solution was added into each well to reach 10% at 2h before the measurement
of OD values. At 450 nm, OD values were measured every 24h for a total of 4 days.

Statistical analysis
Gene expression levels in paired tissues from HCC patients were expressed as average values of three
technical replicates and data were compared by paired t test. Data of multiple cell transfection groups
were expressed as mean±SD values and were compared by ANOVA Tukey’s test. Correlations were
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analyzed by linear regression. To analyze the prognostic value of PCED1B-AS1 for HCC, patients were
grouped into high and low PCED1B-AS1 level groups (n=31). Survival curves were plotted for both groups
and log-rank test was used for survival curve comparison. P<0.05 was deemed statistically signi cant.

Results

Overexpression of PCED1B-AS1 predicted the poor survival
of HCC patients.
Expression of PCED1B-AS1 in paired HCC and non-tumor tissues from 62 HCC patients was determined
by RT-qPCR. Signi cantly overexpressed expression of PCED1B-AS1 was observed in HCC tissues in
comparison to non-tumor tissues (Fig.1A, p<0.001). Survival curve analysis showed that, overall survival
was signi cantly worse in high PCED1B-AS1 level group compared to low PCED1B-AS1 level group
(Fig.1B). Interestingly, HBV and HCV infections failed to signi cantly affect the expression of PCED1BAS1 in both HCC and non-tumor tissues (data not shown).

Correlations among PCED1B-AS1, miR-10a and BCL6
mRNA across HCC tissues
Expression of miR-10a and BCL6 mRNA in HCC tissues form the 62 HCC patients was also determined by
RT-qPCR. Correlation analysis performed using linear regression showed that PCED1B-AS1 was inversely
and signi cantly correlated with miR-10a (Fig.2A), and positively and signi cantly correlated with BCL6
mRNA (Fig.2B) across HCC tissues. Moreover, miR-10a and BCL6 mRNA were inversely and signi cantly
correlated across HCC tissues (Fig.2C). These data suggest the existence of interactions among PCED1BAS1, miR-10a and BCL6 in HCC.

PCED1B-AS1 overexpression increased BCL6 expression
through miR-10a
To explore the interactions among PCED1B-AS1, miR-10a and BCL6, SNU-182 cells were transfected with
PCED1B-AS1 expression vector or miR-10a mimic, and the overexpression of PCED1B-AS1 and miR-10a
was con rmed by RT-qPCR at 48h post-transfection (Fig.3A, p<0.05). It was observed that PCED1B-AS1
overexpression signi cant decreased the expression of miR-10a (Fig.3B, p<0.05), while miR-10a
overexpression failed to signi cantly affect the expression of PCED1B-AS1 (Fig.3C). BCL6 is a validated
target of miR-10a, the effects of PCED1B-AS1 and miR-10a overexpression on the expression of BCL6
mRNA and protein were analyzed by RT-qPCR and Western blot, respectively. It was observed that
PCED1B-AS1 overexpression increased BCL6 expression, while miR-10a overexpression decreased BCL6
expression. Moreover, PCED1B-AS1 overexpression reduced the inhibitory effects of miR-10a
overexpression on BCL6 expression (Fig.3D, p<0.05).
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PCED1B-AS1 overexpression increased HCC cell
proliferation through miR-10a/BCL6 axis
The role of PCED1B-AS1, miR-10a and BCL6 in regulating the proliferation of SNU-182 cells was explored
by CCK-8 assay. PCED1B-AS1 and BCL6 overexpression signi cantly increased cell proliferation, while
miR-10a signi cantly decreased cell proliferation. Moreover, PCED1B-AS1 overexpression reduced the
inhibitory effects of miR-10a overexpression on cell proliferation (Fig.4, p<0.05).

Discussion
This study explored the interactions between PCED1B-AS1, miR-10a and BCL6 in HCC. We found that
PCED1B-AS1 was overexpressed in HCC and was correlated with the survival of HCC patients. In addition,
PCED1B-AS1 could downregulate miR-10a to upregulate BCL6, thereby promoting the proliferation of
HCC cells.
Previous studies have explored the involvement of PCED1B-AS1 in glioma [13, 14]. It was reported that
PCED1B-AS1 was overexpressed in glioma and regulates miR-194-5p/PCED1B to increase cell apoptosis
[13]. In another study, PCED1B-AS1 was reported to upregulate HIF-1α in glioblastoma, which in turn
promotes Warburg effect and tumorigenesis [14]. However, the role of PCED1B-AS1 in other cancers is
unknown. In this study we observed the upregulation of PCED1B-AS1 in HCC and PCED1B-AS1
overexpression increased HCC cell proliferation. Therefore, PCED1B-AS1 plays oncogenic roles in HCC by
promoting cancer cell proliferation. HBV and HCV infections contribute to the development of HCC [16]. In
this study, no signi cant differences in expression levels of PCED1B-AS1 were observe among different
HBV and HCV infection groups. Therefore, PCED1B-AS1 may participate in HCC through pathways
independent from HBV and HCV infections.
Despite the advances in HCC treatment and diagnosis, the overall survival of HCC patients is still poor [3,
4]. In this study we showed that the high expression levels of PCED1B-AS1 were closely correlated with
the poor survival of HCC patients, suggesting that PCED1B-AS1 may serve as a prognostic factor for
HCC. However, more clinical trials are needed to further analyze the reliability of the using of PCED1B-AS1
as a prognostic factor for HCC.
MiR-10a plays different roles in different cancers [15, 17]. MiR-10a is downregulated in large B-cell
lymphoma and promotes cell apoptosis and suppresses cell proliferation to play tumor suppressive roles
[15]. In contrast, miR-10a is overexpressed in cervical cancer and targets CHL1 to promote cancer cell
invasion, migration and proliferation, suggesting its oncogenic roles [17]. In this study we showed that
miR-10a could target BCL6 to suppress HCC cell proliferation. The key nding is that PCED1B-AS1
overexpression decreased the expression of miR-10a to upregulate BCL6. However, the mechanism
remains unclear. More studies are still needed to explore the molecular mechanism.

Conclusion
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In conclusion, PCED1B-AS1 is overexpressed in HCC and predicts poor survival of HCC patients. In
addition, PCED1B-AS1 may downregulate miR-10a to upregulate BCL6, thereby promoting HCC cell
proliferation.
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Figures

Figure 1
Overexpression of PCED1B-AS1 predicted the poor survival of HCC patients. Expression of PCED1B-AS1
in paired HCC and non-tumor tissues from 62 HCC patients was determined by RT-qPCR. Gene expression
levels in paired tissues from HCC patients were expressed as average values of three technical
replicates.***,p<0.001. To analyze the prognostic value of PCED1B-AS1 for HCC, patients were grouped
into high and low PCED1B-AS1 level groups (n=31). Survival curves were plotted for both groups and logrank test was used for survival curve comparison (B).
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Figure 2
Correlations among PCED1B-AS1, miR-10a and BCL6 mRNA across HCC tissues Expression of miR-10a
and BCL6 mRNA in HCC tissues form the 62 HCC patients was also determined by RT-qPCR. Correlations
between PCED1B-AS1 and miR-10a (A), between PCED1B-AS1 and BCL6 mRNA (B), and between miR10a and BCL6 mRNA (C) across HCC tissues were analyzed by linear regression.
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Figure 3
PCED1B-AS1 overexpression increased BCL6 expression through miR-10a To explore the interactions
among PCED1B-AS1, miR-10a and BCL6, SNU-182 cells were transfected with PCED1B-AS1 expression
vector or miR-10a mimic, and the overexpression of PCED1B-AS1 and miR-10a was con rmed by RTqPCR at 48h post-transfection (A). The effects of PCED1B-AS1 overexpression on miR-10a (B) and the
effects of miR-10a overexpression on PCED1B-AS1 (C) were explored by RT-qPCR. The effects of
PCED1B-AS1 and miR-10a overexpression on the expression of BCL6 mRNA and protein were analyzed
by RT-qPCR and Western blot, respectively (D). Data of multiple cell transfection groups were expressed
as mean±SD values.*,p<0.05.
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Figure 4
PCED1B-AS1 overexpression increased HCC cell proliferation through miR-10a/BCL6 axis The role of
PCED1B-AS1, miR-10a and BCL6 in regulating the proliferation of SNU-182 cells was explored by CCK-8
assay. Data of multiple cell transfection groups were expressed as mean±SD values.*,p<0.05.
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