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Long non-coding RNA CEBPA-AS1 correlates with poor prognosis and promotes
tumorigenesis via CEBPA/Bcl2 in oral squamous cell carcinoma
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ABSTRACT
Oral squamous cell carcinoma (OSCC) is one of the most aggressive and lethal malignancies affecting the
head and neck region with a general 5-year survival rate about 50%. Long non-coding RNAs (lncRNAs) are
believed to participate in diverse biological processes and are emerging as convenient and minimally
invasive diagnostic/prognostic/therapeutic markers. The aim of this study was to explore CEBPA-AS1 role
and mechanism in OSCC tumorigenesis. In this study, CEBPA-AS1 localized in the cytoplasm and the peri-
nuclear cellular compartment functioning as a potential oncogene up-regulated in OSCC was correlated
with poor differentiation, lymph node metastasis and high clinical stage, which made it considered to be a
prognostic biomarker. Silence of CEBPA-AS1 inhibited OSCC cells proliferation and induced cells apoptosis,
migration and invasion by targeting CEBPA and via a novel pathway CEBPA/Bcl2. Our findings provided
the first evidence for the lncRNA CEBPA-AS1 regulatory network in OSCC tumorigenesis, which might be
helpful to improve the effects of clinical treatment in OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) represents » 3% of all
malignancies, is one of the most aggressive cancer affecting the
head and neck region.1 Recent years, OSCC incidence is
increasing with more than 274,000 newly diagnosed cancer
cases every year worldwide and accounts for 80% » 90% of the
oral mucosa of primary malignant tumor.2 Although significant
progress in the diagnosis and clinical treatment such as surgery
in combination with radiotherapy, neoadjuvant chemotherapy
and targeted therapy has been made, the general survival rate
of OSCC patients had a 3 year survival rate of 50% » 75% and
a 5-year survival rate of about 50%.3,4 Notably, this number has
not been improved significantly for more than 50 years.5 There-
fore, it’s urgent to find suitable prognostic or metastatic bio-
markers and therapeutic strategies for OSCC.

Long non-coding RNAs (lncRNAs), a class of non-coding
RNA with transcripts longer than 200 nucleotides, are emerg-
ing notable molecular markers paid more attention in various
types of cancer, including OSCC recent years. Accumulating
evidences suggest that lncRNAs involved in regulating gene
expression are validated to be associated with cancer progres-
sion by functioning as oncogene or tumor suppressor genes,
thus made lncRNAs to be a novel target for cancer diagnosis
and therapy.6,7 However, there are only 30 papers were pub-
lished about correlation between lncRNAs and OSCC till
November 16, 2017. Numerous of them were focus on the func-
tional research on the already known lncRNA like HOTAIR,
MALAT1, UCA1, FTH1P3, TUG1 and so on.8-12 Minority

researches discussed the regulation mechanism mediated
by microRNA. For example, MALAT1 modulate STAT3
expression by absorbing miR-125b in OSCC, LINC00668
promotes OSCC tumorigenesis via miR-297/VEGFA axis,
FTH1P3 acts as a molecular sponge of miR-224-5p to modulate
fizzled 5 expression.9,11,13 All these evidences made lncRNAs to
be new targets for OSCC diagnosis and therapy. A clear under-
standing of the alterations in lncRNA expression occurring in
OSCC will require larger-scale studies than those yet reported
and as far as we know.

CEBPA-AS1, also known as LOC80054, located at 19q13.11
was first found enriched in human gastric cancer tissues and the
plasma of patients in March 2017. Combination of CEBPA-AS1
with circulating long noncoding RNAs AK001058, INHBA-AS1,
MIR4435-2HG in plasma might be used as diagnostic or prognos-
tic markers for gastric cancer patients.14 There was on record of
CEBPA-AS1 expression, function or regulation mechanisms in
other diseases, including cancers. Our present results provided the
first evidence for lncRNA CEBPA-AS1 regulatory network
CEBPA-AS1/CEBPA/Bcl2 in OSCC, which might helpful to
improve the effects of clinical treatment in OSCC.

Materials and methods

Sample collection

60 pairs of OSCC tissues and matched paraneoplastic normal tis-
sues (NT) used in this study were selected from OSCC patients
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treated at Affiliated Stomatology Hospital of China Medical Uni-
versity between July 2011 and April 2012. Patient characteristics
are shown in Table 2 and 3. Written informed consent was
obtained from all patients and the study protocol was approved by
the Ethics Committees of Affiliated Stomatology Hospital of China
Medical University (2014016). All the samples had been collected
before any kind of therapeutic measures, and fresh frozen immedi-
ately after surgery, and store at¡80�C.

Cell culture

The OSCC cell lines (Tca8113 and Cal27) and normal oral ker-
atinocyte hNOK were obtained from the Chinese Academy of
Sciences (Shanghai, China). The cells were grown in RPMI
1640 medium and DMEM medium (Hyclone, USA), supple-
mented with 10% fetal bovine serum (Gibco, USA) and main-
tained at 37�C in a humidified incubator containing 5% CO2.

Quantitative Real-time PCR (qRT-PCR)

Total RNA was extracted with Trizol reagent (Invitrogen, USA).
Then the isolated total RNA was reverse transcribed into cDNA
using SuperScript� VILOTM cDNA conversing kit (Invitrogen,
US). The produced cDNAwas amplified by the specific primer sets
listed in Table 1. One Step SYBR RT-PCRKit (TaKaRa, Japan) was
used to detect the lncRNA and mRNA expression through the
7500 Real-Time PCR System (Applied Biosystems, USA) and nor-
malized with the GAPDH levels using 2¡CTmethod.

Microarray analysis

Total RNA was extracted as before. The profiles of lncRNAs/
mRNAs were finished by Kangcheng Bio Corporation
(Shanghai, China) with Human 8 £ 60K LncRNA expression
array. In details, the RNA was first transcribed into cDNAs.
After cleaned and purified, the labeled cDNA were hybridized
with Agilent Gene Expression Hybridization Kit (Agilent,
USA). The arrays were scanned and the data were extracted by
using Agilent Feature Extraction Software.

Vectors construction and transfection

Smart Silencers and negative controls of CEBPA-AS1 were syn-
thesized by RiboBio Corporation (Guangzhou, China) with its

targeting sequence listed in Table 1. The pcDNA-CEBPA and
blank vector, CEBPA-AS1-mut were constructed by Genescript
company (Nanjing, China). Then LipofectamineTM 3000
(Invitrogen, USA) was applied to finish the transfection accord-
ing to the manufacturer’s instructions, and qRT-PCR was
applied to detect the transfected effects.

Cell proliferation assay

The cell proliferation ability was assayed by both EDU (5-
ethynyl-20-deoxyuridine) and MTT (3-(4,5-dimethyl-2-thia-
zolyl)-2,5-diphenyl-2-H-tetrazolium bromide) methods. For
the EDU assay, cells were cultured in 96-well plate and
fixed in paraformaldehyde for 10 min, then incubated with
EDU from EDU DNA Cell Proliferation Kit (RiboBio,
China) at 37�C for 4 h. After counterstained with 40-60 dia-
midino-2-phenylindole (DAPI), the images were observed
under a fluorescence microscope. For the MTT assay, 5000
cells were inoculated into 96-well plate with each group 5
wells. Then 10 ml PBS with 5% MTT was added. After
incubating at 37�C for 4 h, 100 ml DMSO was added to the
wells containing cells for dissolving the formazon. Absor-
bance at 570 nm was recorded using the Infinite F200
micro-plate reader (Tecan, Switzerland).

Flow cytometry assay

The cell cycle and cell apoptosis were finished by flow cytome-
try (Canto II, BD). Annexin IV-FITC apoptosis detection kit
(Biosea, China) was used to detect the apoptosis 72 h after
transfection according to the manufacturer’s protocol. The
results were analyzed using Diva 8.0 software (BD, USA). For
the cell cycle assay, cells were fixed in 1 ml 70% ethanol and
stained with PI (Dingguo, China) at 37�C for 40 min. All the
assays were done within 1 h.

Table 1. The sequence for primers and Smart Silencer Target Sequence.

Primers used for qRT-PCR
GAPDH F GGGAGCCAAAAGGGTCAT
GAPDH R GAGTCCTTCCACGATACCAA
CEBPA-AS1 F GCTTCGTTTTCGGTCCAGA
CEBPA-AS1 R CCCTCCACAGGTGAATGCTAT
CEBPA F TTTGCTCGGATACTTGCCA
CEBPA R AAAGGAAAGGGAGTCTCAGACC
Bcl2 F GATTGAAGACACCCCCTCGT
Bcl2 R CCGGTTATCGTACCCTGTTCT

RiboTM h-CEBPA-AS1 Smart Silencer Target Sequence
CEBPA-AS1-1# GGAATAAGACTTTGTCCAA
CEBPA-AS1-2# CCACAGGTCCTCCTACAAT
CEBPA-AS1-3# GGAGGCAGAGATCAGATTT
CEBPA-AS1-4# ATGGGAATCAAGGGTGGATG
CEBPA-AS1-5# ACGTGCGTCCCTCGCATTCT
CEBPA-AS1-6# AGGAGTATCCCGAGGCTGCA

Table 2. Correlation between CEBPA-AS1 expression and clinical pathological
parameters of OSCC patients (n D 60).

Relative CEBPA-AS1 expression

Parameter Number Low High P value

Gender Male 39 18 21 0.4168
Female 21 12 9

Age �50 15 8 7 0.0889
>50 45 22 23

Smoking Yes 25 14 11 0.8953
No 35 19 16

Drinking Yes 18 8 10 0.2820
No 42 25 17

Position Tongue 30 14 16 0.5491
Gingiva 14 6 8
Buccal mucosa 8 5 3
Lip 3 1 2
Palate 5 4 1

Differentiation Well, moderately 44 28 18 0.0134*

Poorly 16 4 12
T stage T1 and T2 40 24 16 0.0677

T3 and T4 20 7 13
N stage N0 33 8 25 <0.0001*

N1-N3 27 22 5
Clinical stage I and II 31 20 11 0.0395*

III and IV 29 11 18

Chi-square test, �P < 0.05.
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Cell invasion and migration assay

Cell invasion ability was assayed using Transwell chamber (Costar,
USA) according to the manufacturer’s protocol. In details, 5£ 104

cells with 10% serum medium were seeded to the top chambers
and the bottom chambers were filed with 500 ml supernatant of
human NIH3T3. After a 12 h incubation period in 37�C, cells
invading to the lower surface of the chamber were stained with
hematoxylin and eosin, and counted in eight random fields under
microscope. For the migration assay, scratches were made by using
a 100 ml pipette tip after cells confluence reached approximately
80% post-transfection. The images were observed by exhaustively
washed detached cells with PBS.

RNA-Fluorescence in Situ Hybridization (Rna-FISH)

CEBPA-AS1, U6 and 18S oligonucleotide probes were bought
from RiboBio Company (Guangzhou, China) and the proce-
dures were following the manual from FISH Kit also in Ribo-
Bio. In details, 6 £ 104 cells were placed on the autoclaved glass
coverslips in 24 well plates. The following day, coverslips were
washed in PBS and fixed in 4% formaldehyde for 10 min. After
exhaustively washed with PBS containing 5% Triton X-100 at
37�C for 10 min, coverslips were pre-hybridized with the
pre-binding solution for about 30 min. Then the cells were
hybridized with anti-U6, anti-18S, or anti-CEBPA-AS1 probes
separately for 12 h at 37�C. After counterstained with DAPI,
the images were acquired by using a confocal immunofluores-
cence microscope.

RNA pull-down assays

CEBPA-AS1 or CEBPA probes were biotin-labeled with the
Biotin RNA Labeling Mix (Roche, Switzerland) and purified
with the RNeasy Mini Kit (Qiagen, USA). Then, cell extract
(2 mg) was mixed with biotinylated RNA (100 pmol).
Dynabeads M-280 Streptavidin (Invitrogen, USA) were
added to each binding reaction and further incubated at
room temperature for 10 min. Finally, beads were washed
briefly three times and the co-precipitated RNAs were
detected by qRT-PCR. Total RNAs and controls were also
assayed to demonstrate that the detected signals were from
specific RNAs. The probe sequence was 50-Bio-CATTGCA-
CAA-30.

Western blot assay

Total protein was extracted using a pre-cold cell lysis buffer
containing protease and phosphatase inhibitors (KEYGEN,
China) and the concentration was determined using the BCA
assay (KEYGEN, China) according to manufacturer’s instruc-
tions. Protein lysates (30 mg) were loaded and separated by
12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred to a 0.22 mm polyvinylidene
fluoride (PVDF) membrane. After blocked at room tempera-
ture for 2 h with 5% powdered non-fat milk, the membranes
were hybridized with primary antibodies included rabbit anti-
CEBPA (1/500, Cat# YT0551, Immunoway), and mouse anti-
Bcl2 (1/500, Cat# YM3041, Immunoway) overnight at 4�C.
Then, the membranes were incubated with secondary antibod-
ies at room temperature for 2 h and the immunobilized pro-
teins were detected by Dual Color Infra-red Laser Imaging
System (Gene, HK, China). The band density was quantified by
Image J software (National Institutes of Health, USA). b-actin
(1/1000, Cat# YM3028, Immunoway) was used as the inference
gene.

Statistical analysis

All statistical analysis was performed using SPSS V22.0
(IBM, USA). The data were presented as mean § SD of
three independent experiments and data from surgical
resection to overall survival time of the patients were
analyzed using the Kaplan-Meier survival curve. Other com-
pared using one-way analysis of variance (ANOVA), log-
rank test, Chi-square test, and Pearson correlation analysis.
A P-value of less than 0.05 was considered to be statistically
significant and indicated by (� and #).

Results

CEBPA-AS1 is up-regulated in OSCC

Using the lncRNAs array assay, total 941 differentially
expressed lncRNAs were identified including only 10 lncRNAs
which were bidirectional relationship with their nearby coding
genes in the micro-dissected OSCC tissues (Fig. 1A). In com-
parison with other 9 lncRNAs, CEBPA-AS1 showed a signifi-
cant 7.04-fold up-regulation in OSCC tissues than that in the
NT tissues (Fig. 1B, P D 0.02). Following qRT-PCR results

Table 3. Influence of CEBPA-AS1 expression and clinical characteristics on overall survival in OSCC patients (n D 60).

Univariate analysis Multivariate analysis

Factors Subset HR (95% CI) P value HR (95% CI) P value

Gender Male/Female 1.76 (0.77-1.92) 0.658
Age �50/>50 2.25 (1.27-3.34) 0.152
Smoking Yes/No 2.18 (0.69-2.08) 0.314
Drinking Yes/No 1.54 (1.08-2.59) 0.784
Position Tongue/Gingiva/Buccal mucosa/Lip/Palate 1.58 (0.83-2.31) 0.468
Differentiation Well, moderately/Poor 2.63 (0.96-1.94) 0.001
CEBPA-AS1 expression High/Low 5.46 (2.57-6.58) <0.001� 6.71 (3.61-8.73) < 0.001 �

T stage T1 and T2 / T3 and T4 1.49 (0.79-2.25) 0.474
N stage N0 / N1-N3 3.52 (1.54-3.31) 0.005 3.25 (1.72-5.33) 0.001�

Clinical stage I and II/III and IV 2.16 (1.15-3.26) 0.137
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verified that CEBPA-AS1 levels in 60 OSCC tissues were
markedly higher than that in the NT (P < 0.05) (Fig. 1C). As
well as CEBPA-AS1 levels in both OSCC Tca8113 and Cal27
cells were higher than that in the normal oral epithelial cells
hNOK, although there were some expression level differences
(Fig. 1D). These results suggested that CEBPA-AS1 participate
in the process of OSCC tumorigenesis.

CEBPA-AS1 is an independent prognosis factors in OSCC
patients

To assess the clinical significance of CEBPA-AS1, all 60 patients
were divided equally into higher and lower CEBPA-AS1 expression
group from the median value of relative expression levels. Then we
evaluated the correction between its level and clinic-pathological
parameters. Results revealed that CEBPA-AS1 levels were remark-
ably corrected with differentiation grade, lymph node metastasis
and clinical stage in OSCC. Nevertheless, CEBPA-AS1 levels were
not associated with other clinical characteristics, such as gender,
age and position in OSCC (Table 2). Additionally, univariate and
multivariate Cox regression analysis revealed that high CEBPA-
AS1 expression was an independent predictor of over-all survival
(OS) in OSCC patients (Table 3). Kaplan-Meier analysis indicated
that high CEBPA-AS1 expression was related to a poorer OS
(Fig. 1E). These results confirmed that high CEBPA-AS1 might be
crucial in OSCC, and CEBPA-AS1 was an independent prognostic
biomarker for OSCC patients.

CEBPA-AS1 functions as an oncogene in OSCC cells

To investigate the functional role of CEBPA-AS1, we used
smart silencers to depress CEBPA-AS1 expression in both
Tca8113 and Cal-27 cells. Cell morphology observation and
qRT-PCR were used to test the knockdown efficiency. The
results showed that cells transfected with ss-CEBPA-AS1
had a significant cell numbers decreased, and the cells
became round (data not shown). qRT-PCR results showed

that cells transfected with ss-CEBPA-AS1 presented a signif-
icantly decreased CEBPA-AS1 expression level compared
with the NC group in both cells, while there were no statis-
tic difference in blank control and NC group (P < 0.05,
Fig. 2A). Therefore, subsequent cell biology studies were
performed with those smart silencers.

Next, the cell proliferation viability was assessed using MTT
method as well as EdU nucleic acid labeling technology in
Tca8113 and Cal-27 cells. Depress of CEBPA-AS1 remarkably
inhibited cell proliferation at 72 h (Fig. 2B and 2C). These
results were confirmed by EdU nucleic acid labeling assays
(Fig. 2D and 2E). Further, flow cytometry was conducted to
analyze the role of CEBPA-AS1 on cell cycle in OSCC cells and
the results showed no statistic significance (data not shown).
These results indicated that depression of CEBPA-AS1 might
repress cell growth in both Tca8113 and Cal-27 cells.

We also explored the efficiency of CEBPA-AS1 on cell apo-
ptosis using flow cytometry. As shown in Fig. 2F and 2G,
depressed CEBPA-AS1 led to the fraction of Annexin positive
cells a »3.2- folds and »5.9-folds increase in Tca8113 and Cal-
27 cells separately in comparison to that of each control groups.
Interestingly, no significant differences were observed in propi-
dium iodide-positive cells, indicating that depression of
CEBPA-AS1 facilitated cell apoptosis primarily through early
apoptosis, but not necrosis in Tca8113 and Cal-27 cells.

Finally, we examined the effect of CEBPA-AS1 on invasion
and migration in Tca8113 and Cal-27 cells using Transwell
chamber and wound healing assay. The results of the invasion
assay shows that depressed expression of CEBPA-AS1 inhibits
OSCC cells invasion in comparison to control groups. In detail,
depressed CEBPA-AS1 nearly suppressed 37% and 54% of the
cells’ invasion activity in Tca8113 and Cal-27 cells, respectively
(Fig. 2H and 2I). Wound and healing assay showed that
depressed expression of CEBPA-AS1 inhibits OSCC cells
occurring wound closure in comparison to control groups
(Fig. 2J and 2K), these results were consistent with the transwell
chamber assay, which indicated that depression of CEBPA-AS1

Figure 1. CEBPA-AS1 is an independent prognosis factors in OSCC patients. A, volcano plots of lncRNA array in 4 paired OSCC and control tissues. B, clustering map of
CEBPA-AS1 in 4 paired OSCC and control tissues. 1T-4T: OSCC tissues, 1P-4P: control tissues. C, qRT-PCR assay of the CEBPA-AS1 expression levels in OSCC tissues (n D
60). # means P < 0.01 verse NT. D, qRT-PCR assay of the CEBPA-AS1 expression levels in OSCC cells. E: Kaplan-Meier overall survival curves by CEBPA-AS1 expression level.
� means P < 0.05 and # means P < 0.01 verse hNOK.
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retarded cell invasion and migration ability in Tca8113 and
Cal-27 cells.

In all, we got a conclusion that modulating CEBPA-AS1
expression could effect cell proliferation and apoptosis, cell
invasion and migration, thus promote tumorigenesis by func-
tioning as an oncogene in OSCC.

CEBPA-AS1 localization in OSCC cells

RNA-FISH was used to characterize CEBPA-AS1 expression in
both Tca8113 and Cal27 cells, the results showed that CEBPA-AS1
is predominantly localized in the cytoplasm and the perinuclear
cellular compartment of OSCC cells, little is distributed to the
nucleus as a punctate pattern (Fig. 3A and 3B). Consistent with the
quantitative CEBPA-AS1 expression results (Fig. 1D), RNA-FISH
also revealed that CEBPA-AS1 was expressed in OSCC cells. These

results suggest that CEBPA-AS1might play a role in nuclear mem-
brane and cytoplasm trafficking.

CEBPA is a target of CEBPA-AS1 in OSCC cells

To investigate the mechanism of CEBPA-AS1 in OSCC, we
next predicted the lncRNA nearby coding gene by Gene Ontol-
ogy (Go) analysis (http://geneontology.org), and found that
there was a bidirectional relationship between CEBPA-AS1 and
CEBPA. Further enrichment analysis showed that the cell apo-
ptosis and adhesion were the most common processes associ-
ated with CEBPA-AS1 and CEBPA. Then we tried to clarify the
regulatory relationship of them by using the online server
ChIPBase, an open database for decoding the transcriptional
regulatory networks of non-coding RNAs and protein-coding
genes from ChIP-seq data and found that there was a CEBPA

Figure 2. Modulation of CEBPA-AS1 expression effects cell proliferation, cell apoptosis and cell invasion in OSCC cells. BC, blank control group; NC, negative control smart
silencers transfection group; SS, CEBPA-AS1 smart silencers transfection group. Each bar represents triplicate analyses of mean § SD and � means the significant differ-
ence from the negative control (P < 0.05). A, qRT-PCR detects the CEBPA-AS1 smart silencers transfection efficiency. B and C, cells proliferation ability was determined by
MTT assay. D and E, cells proliferation ability was determined by EDU assay. F and G, cells apoptosis were stained for Annexin V/PI and analyzed by flow cytometry. The
percentage of cells positive for Annexin V and negative for PI staining are considered as early apoptosis. The percentage of cells positive for Annexin V and PI staining are
considered as late apoptosis. Each of them was presented in quadrant. H and I, the invasive potential of CEBPA-AS1 in OSCC cells was examined by transwell invasion
assay (visual field representative of 1 experiment). J and K, the migration potential of CEBPA-AS1 in OSCC cells was examined by a wound healing assay. The percent sur-
face area between the wounds was determined using NIS elements software.
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binding site located at -2468bp of CEBPA-AS1 gene in sample
HUMHG00993 (Motif locus: -2510bp). Together with
the localization of CEBPA-AS1 in Tca8113 and Cal27 cells, we
speculated that CEBPA might be a target of CEBPA-AS1 to
influence the tumorigenesis of OSCC.

Our previous mRNA array assay showed that the expression of
CEBPA had a 7.49-fold up-regulation in OSCC tissues than that in

the matched paraneoplastic normal tissues. Following qRT-PCR
results verified that a 3.25-fold mRNA expression level of CEBPA
was observed in OSCC tissues when compared with the NT tissues
(P< 0.001) (Fig. 4A, P< 0.05). The co-expression patterns (log2-
scale) between CEBPA and CEBPA-AS1 in TCGA Pan-Cancer
(PANCAN) showed that the expression of CEBPA-AS1 was posi-
tive correlated to the CEBPA’s level, with a Pearson coefficient

Figure 3. Localization of CEBPA-AS1 by RNA-FISH in OSCC cells. Nuclei are stained blue (DAPI), 18S (Cytoplasm positive), U6 (Nuclei positive) and CEBPA-AS1 labeled with
CY3 are stained red. Magnification is 60 £ with 4.5 £ zoom.

Figure 4. CEBPA-AS1 represses CEBPA/Bcl2 expression via targeting CEBPA in OSCC cells. All data were represented as the mean § S.D. from three independent experi-
ments,

�
P < 0.05. A, relative CEBPA levels in OSCC are detected by qPCR. B, the co-expression patterns between CEBPA and CEBPA-AS1 in head and neck squamous cell

carcinoma is searched using the online server ChIPBase. C, CEBPA-AS1 RNA levels was detected in the substrate of pull-down assay by qRT-PCR. CEBPA-mut probe was
used as negative control. D, CEBPA mRNA level was detected in the substrate of pull-down assay by qRT-PCR. CEBPA-AS1-mut probe was used as negative control. E and
F, the level of CEBPA and Bcl2 mRNA are determined by qRT-PCR when CEBPA-AS1 down-regulated in OSCC cells. G-I, the level of CEBPA and Bcl2 protein are determined
by western blot when CEBPA-AS1 down-regulated in OSCC cells. b-actin was used as reference control.
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r D 0.4454 and p D 7.65E-29 (two tail, t-test) in head and neck
squamous cell carcinoma (Fig. 4B).

Then we conducted RNA pull-down assay to explore
whether CEBPA-AS1 functioned via interaction with CEBPA.
The results showed that CEBPA-AS1 could be pulled down by
biotinylated CEBPA, the biotinylated CEBPA-mut probe was
used as negative control (Fig. 4C). We also demonstrated that
CEBPA was preferentially enriched in CEBPA-AS1-containing
beads compared with the beads harboring biotinylated
CEBPA-AS1-mut (Fig. 4D). These results confirmed that
CEBPA is a target of CEBPA-AS1 in OSCC cells.

Depressed CEBPA-AS1 expression reduces CEBPA and Bcl2
expression

To further investigate the regulation mechanism of CEBPA-AS1
on the tumorigenesis of OSCC cells, we transfected smart silencers
to depress the expression of CEBPA-AS1 and observe the targeted

gene CEBPA and the downstream gene Bcl2 expression. The
results showed that decreased of CEBPA-AS1 inhibited CEBPA
expression in both Tca8113 and Cal-27 cells. Bcl2, a target gene of
CEBPA, also an important anti-apoptotic gene in many cancers,
was decreased expression with the depression of CEBPA-AS1
(Fig. 4E-4I). These results suggest that CEBPA-AS1 and CEBPA
might have a synergistic action on the tumorgenesis of OSCC by
reducing CEBPA and Bcl2 expression.

Increased CEBPA expression promotes the CEBPA-AS1
associated tumorigenesis

To testify the oncogene role of CEBPA-AS1 was associated with
the increase of CEBPA, the pcDNA-CEBPA, or pcDNA empty
vector was transfected into OSCC cell lines Tca8113 and Cal27.
qRT- PCR confirmed that transfection of pcDNA-CEBPA
could significantly increase the CEBPA expression level in both
cell lines when compared with the pcDNA empty vector

Figure 5. CEBPA promotes the CEBPA-AS1 associated tumorgenesis in OSCC cells by alleviated CEBPA and Bcl2 expression. Each bar represents triplicate analyses of mean
§ SD, � means the significant difference from the NC C pc-NC control (P < 0.05) and # means the significant difference from the NC C pc-CEBPA group (P < 0.05). A,
qRT-PCR detects the CEBPA vectors or the empty vectors transfection efficiency. B and C, cells apoptosis were analyzed by flow cytometry. D and E, the invasive ability
was examined by transwell invasion assay. F-H, the level of CEBPA and Bcl2 protein are determined by western blot. b-actin was used as reference control.
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transfection groups (P < 0.05) (Fig. 5A). Then we used co-
transfection technology to alteration the expression of CEBPA
and CEBPA-AS1. Flow cytometry and transwell chamber
assays showed that cells transfected with pcDNA-CEBPA had
reduced apoptosis rate and increased invasion ability compared
with other groups (P < 0.05) (Fig. 5B-5E). These results
pointed that pcDNA-CEBPA rescued the inhibition effect of
CEBPA-AS1 silence in both Tca8113 and Cal27 cells. In consis-
tent with the result of biological behaviour analysis, the sup-
pression of CEBPA and anti-apoptotic genes Bcl2 were also
alleviated (P < 0.05) (Fig. 5F-5H). Therefore, CEBPA-AS1 pro-
motes the tumorigenesis via CEBPA/Bcl2 in OSCC.

Discussion

Recent years, lncRNAs are believed to participate in diverse
biological processes and are emerging as convenient and mini-
mally invasive diagnostic/prognostic/therapeutic markers.15

Some lncRNAs such as PCA3 is now routinely used in the clini-
cal diagnosis of prostate cancer.16 SOX21-AS1 detected in the
advanced OSCC patients might be a potential prognostic bio-
marker for OSCC.17 LncRNA FOXCUT co-amplified with
FOXC1 may serve as novel biomarkers and therapeutic targets
in OSCC patients who overexpress this “lncRNA-mRNA
pair”.18 In the present study, we found lncRNA CEBPA-AS1
could also be an independent prognostic biomarker for OSCC
patients. As for the important clinical significance of CEBPA-
AS1, we next explored the potential function of CEBPA-AS1 in
OSCC by using a serials assays and showed that suppressing
the expression of CEBPA-AS1 could inhibit the malignant bio-
logical behaviors of OSCC cells, which revealed that CEBPA-
AS1 functions as an oncogene in the process of OSCC.

As we all known, the regulatory mechanisms of lncRNAs are
diverse and complex. Some lncRNAs could function by promoting
or repressing transcription, or by acting as modulators of mRNA
translation. Some lncRNAs regulate the transcription of nearby
genes in cis, while others act in trans.19-21 In this study, we first
detected the localization of CEBPA-AS1 by RNA-FISH and found
that CEBPA-AS1 is predominantly localized in the cytoplasm
and the perinuclear cellular compartment of OSCC cells, which
suggest that CEBPA-AS1 might play a role in nuclear membrane
and cytoplasm trafficking, further function by promoting or repres-
sing transcription. Through Go and ChIPBase analysis, we found
that there was a bidirectional/positive relationship between
CEBPA-AS1 and CEBPA, together with the characterization of
CEBPA-AS1, we speculated that CEBPA might be a target of its
nearby gene CEBPA-AS1 to influence the tumorigenesis of OSCC.
As for the regulation manner was in cis or in trans, we used RNA
pull down to confirmed the targeting relationship and used smart
silencers to depress the CEBPA-AS1 expression and the results
showed a significantly reduced CEBPA levels, which revealed that
CEBPA-AS1 regulates CEBPA expression in a cis manner. Recent
studies also revealed that a large proportion of lncRNAs cooperate
with adjacent protein-coding genes and form “lncRNA-mRNA
pairs” that impact their function.18,22 Our present study depressing
CEBPA-AS1 expression markedly reduced its target gene CEBPA
expression level, was coincidence with the “lncRNA-mRNA” pair,
which is now regarded as a new form in the very complex gene
expressionmodulation network.

CCAAT enhancer-binding protein alpha (CEBPA), a type of
transcription factor, is an important member of the C/EBP family
(including C/EBPa, b, g, d, e and z) localized in chromosome
19q13.1.23 Normally, CEBPA plays an important role in the modu-
lation of cell proliferation, differentiation or apoptosis in various
tissues.24 Recently there was some controversy about the expression
of CEBPA in solid cancers. Several studies have shown that CEBPA
functions as a tumor suppressor with reduced expression and
growth inhibitory effect in primary mammary carcinomas, such as
in lung cancer, cervical squamous cell carcinoma and even in
chronic myeloid leukemia.25-27 Some studies have showed CEBPA
overexpression was significantly correlated with poor prognosis
and prediction of ovarian cancer and breast patients, likely due to
an oncogenic role that CEBPA apparently acquires in these
neoplasms.28,29 Herein, we reported that CEBPA as a target of
CEBPA-AS1 in OSCC Tca8113 and Cal27 cell lines. CEBPA-AS1
down-regulated inhibited CEBPA expression, resulting in the inhi-
bition of proliferation, promoting of apoptosis, cell migration and
invasion of OSCC cells, which revealed an oncogenic role of
CEBPA inOSCC.

Since CEBPA exerts a great role in CEBPA-AS1 associated
OSCC tumorigenesis, regulation of its expression was also an
import part of its function exploration. Recent studies showed that
CEBPA mediated its activity through direct interaction with NF-
kB p50 bound to the Bcl2, which is central to the intrinsic apoptotic
pathway.28,30 Our study showed that CEBPA-AS1 depressed
expression inhibited CEBPA expression, causing suppression of
apoptosis protective genes Bcl2, and resulted in the modulation of
OSCC cells tumorigenesis. Moreover, pcDNA-CEBPA rescued the
tumorigenesis inhibition of OSCC cells and the suppression of
anti-apoptotic genes Bcl2 caused byCEBPA-AS1 depressed expres-
sion. Collectively, CEBPA-AS1 targeting CEBPA could some part,
but not in whole inhibit tumorigenesis in OSCC cells via a novel
pathway CEBPA/Bcl2.

Conclusions

Our results clarify that CEBPA-AS1 up-regulated in OSCC,
correlated with poor differentiation, lymph node metastasis
and high clinical stage, could be a prognostic biomarker of
OSCC patients. “CEBPA-AS1-CEBPA” pair regulated in cis
functions as an oncogene in OSCC by inducing proliferation,
inhibiting apoptosis, cell migration and invasion. CEBPA-AS1
predominantly localized in the cytoplasm and the perinuclear
cellular compartment promotes OSCC cells tumorigenesis via a
novel pathway CEBPA/Bcl2. Our findings elucidate a potential
mechanism of lncRNA CEBPA-AS1 in OSCC tumorigenesis,
and indicate that CEBPA-AS1 could be a potential diagnostic
and therapeutic target in OSCC. However, the exact mecha-
nisms still need further exploring.
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