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Objective: Our purpose was to identify up-regulated long noncoding RNA ENST00000512916
in ameloblastoma (AB) and explore its role in the progression of AB.

Methods: We analyzed IncRNA microarray expression profile between six paired AB and
normal oral mucosa (NOM) tissues. An up-regulated IncRNA, ENST00000512916 was
identified and validated by real-time qPCR. Cell proliferation, migration and cell cycle
were detected by CCK-8 assay, transwell chamber and flow cytometry, respectively.
Western blotting analysis was used to measure the expression of cell-cycle-related proteins
including CyclinD1 and Cyclin-dependent kinase (CDK) 2/4/6. In addition, Xenograft tumor
model was constructed to investigate tumor growth.

Results: Real-time qPCR confirmed that IncRNA ENST00000512916 was up-regulated in AB
tissues. ENST00000512916 knockdown significantly inhibited cell proliferation, migration and the
expression of CDK2/4/6 in AM-1 cells. Moreover, ENST00000512916 knockdown suppressed
tumor growth in vivo. We also found that ENST00000512916 overexpression significantly
promoted the expression of HOXCI13 in AM-1 cells. Overexpression of ENST00000512916
promoted cell cycle progression in AM-1 cells, which was reversed by HOXC13 knockdown.
Conclusion: Our findings reveal that IncRNA ENST00000512916 promotes cell prolifera-
tion, migration and cell cycle progression of AB.

Keywords: long noncoding RNA, ENST00000512916, ameloblastoma, HOXCI13,
proliferation

Introduction
Ameloblastoma (AB) is a common benign tumor of an odontogenic epithelial origin,
with slow growth and local invasiveness.'~ In the latest WHO Classification of Head
and Neck Tumors, AB was classified into AB, unicystic, and extraosseous/peripheral
types. Among them, AB is the most common type, which accounts for 91%.* Although
AB can be surgically removed, it can recur following incomplete excision, which
induces AB to malignant or distant metastasis to the distal lymph nodes, lungs and
kidneys, and even to the bones.*> Therefore, the treatment strategy of AB remains
controversial. It is an urgent need to clarify the underlying molecular mechanisms
associated with its biological behavior.® Despite a large number of histological and
biological studies, the underlying mechanisms of AB remain poorly understood.”**
Abnormal non-coding RNA expression occurs extensively in cancers.” LncRNA is
a class of RNA molecule with a transcription length greater than 200 nucleotides. '’
LncRNA does not encode proteins but is capable of regulating gene expression at
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epigenetic and transcriptional levels.'" Studies have shown
that IncRNA plays an important role in the pathogenesis of
tumors, which is widely involved in biological processes
such as tumor cell proliferation, differentiation and
apoptosis.'>'* LncRNA is involved in the regulation of
tumor cell growth and proliferation via regulating the process
of tumor cell cycle and cell apoptosis. As an example,
IncRNA FOXC2-AS1 promotes tumor cell proliferation
and tumor growth via the miR-1253/EZH2 axis."”

However, there are currently few studies involving the
mechanism of IncRNA in AB.'®!' In our study, the
expression profiles of IncRNAs in AB and NOM were
obtained from six AB patients through microarray analy-
sis. By screening and analyzing IncRNAs related to the
development of AB, IncRNA ENST00000512916 was
identified for in-depth research. Our findings reveal that
IncRNA ENSTO00000512916 could possess potential value
as a novel therapeutic target against AB.

Materials and Methods

Tissue Samples

From January 2014 to December 2015, 26 pairs of AB
tumor tissues and their corresponding NOM tissues and 16
dental follicles were collected from the Department of
Maxillofacial Surgery, School of Stomatology, China
Medical University. The patients’ clinical information is
shown in Table 1. The follow-up period was 6—30 months.
All specimens were frozen in liquid nitrogen and then
stored in a —80°C refrigerator. Furthermore, we collected
16 dental follicles from healthy patients submitted to
extractions of impacted third molars. Histopathological
diagnosis of all cases were independently achieved by
two oral pathologists according to current WHO guide-
lines. All patients provided written informed consent. The
study was approved by the Ethics Committee of School of
Stomatology, China Medical University (2016—13).

Microarray Analysis

From 26 pairs of tissues, six AB tissues and their correspond-
ing NOM tissues were used for IncRNA microarray analysis.
Total RNA was extracted from the above tissues. RNA
samples were assessed for RNA quantity and quality using
the NanoDrop ND-1000 (Thermo Scientific). RNA integrity
was evaluated by standard denaturing gel electrophoresis.
The RNA was amplified and transcribed into cRNA, which
was subsequently labeled with the Arrayztar RNA Flash
Labeling Kit. The labeled cRNA was then hybridized to

Table | The Clinical Information of 26 AB Patients

Clinicopathological Number of Case Percent
Characteristics (n = 26) (%)
Age (years)

<20 3 1'1.54%

2040 I 42.31%

>40 12 46.15%
Gender

Male 16 61.54%

Female 10 38.46%
Location

Maxilla 14 53.85%

Mandible 12 46.15%
Pathological type

Ameloblastoma 26 100%

Unicystic - -

Extraosseous/peripheral - -
Recurrence

Yes I 42.31%

No 15 57.69%

Human IncRNA Array v3.0 (8 x 60 K, Array Star,
Rockville, MD, USA) via Agilent Sure Hyb. After washing,
it was scanned using an Agilent DNA Microarray Scanner.
Raw data were extracted and analyzed using Agilent Feature
Extraction software v11.0.1.1 (Agilent Technologies), nor-
malized by Agilent Genespring GX v12.1 software (Agilent
Technologies). Differentially expressed IncRNAs with fold
change>2.0 and p-value<0.05 were identified and visualized
into volcano and scatter plots.

Cell Culture

Primary AM-1 cells were gifted from Iwate University of
Japan. Frozen AM-1 cells were taken out of liquid nitrogen,
and were cultured in K-FSM medium (GBICO, Shanghai,
China) containing 1% 100% streptomycin double-antibody
solution and 10% fetal bovine serum. Subculture was car-
ried out in a 5% CO, and 37°C cell culture incubator.

RNA lIsolation and Real-Time qPCR

Total RNA was extracted from tissues or cells using TRIZOL
(Invitrogen, USA). Then, extracted RNA was reverse tran-
scribed into cDNA using M-MLYV reverse transcriptase. The
cDNA was mixed with SybGreen qPCR master mix reagent,
primers and 50xROX Reference Dye. Real-time qPCR
results were analyzed using Rotorgene Real-Time Analysis
Software.

Glyceraldehyde-3-phosphate ~ dehydrogenase
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(GAPDH) served as an internal control. The relative expres-
sion levels were calculated using 2 **“T method."® The
primers of target genes are shown in Table 2.

Plasmid Transfection

The full length of ENST00000512916 was cloned into the
pcDNA3.1 vector (TAKARA, Beijing, China) to overexpres-
sion ENST00000512916. Furthermore, the siRNAs of
ENSTO00000512916 and HOXCI13 were synthesized by
Guangzhou Ruibo Biotechnology Co., Ltd. (Guangdong,
China). The sequences of siRNAs were as follows: siRNA-
ENST00000512916, 5’-GUAUAGGUAGUGAGUGGUA
-3’; siRNA-HOXC13, 5-GAAGAGGUAUUGAAUGCUA
-3’. The control siRNAs (si-controls) that did not target
ENST00000512916 or HOXC13 were used as the negative
control. The si-ENST00000512916, si-HOXC13 or si-
controls was inserted into the pcDNA3.1 vector
(TAKARA, Beijing, China) to silence ENST00000512916
or HOXCI13, respectively. AM-1 cells were transfected with
the plasmids via Lipofectamine 3000 transfection reagent
(Thermo, Shanghai, China).

Western Blot

AM-1 cells were lysed with 6xRIPA lysis plus PMSF on ice
for 30 mins. The extracted proteins were separated by SDS-
PAGE and transferred onto PVDF membranes (Millipore,
NY, USA), and then blocked in 5% skimmed milk for 1 hr
at room temperature. After that, the membranes were incu-
bated with primary antibodies including CyclinD1 (Wuhan

Table 2 Primer Information for Real-Time qPCR

Target Gene Primer Information

ENST00000 5'-GACACGCGTTCTTACTTTGGCTCCTAG-3' (F)

512916 5'-CTGCTCGAGTAGGCCTGTCCTCAAGAC-3' (R)

HOXCI3 5'-GGAGTTCGCCTTCTACC-3' (F)
5'-GACTGTCCCAGCCATTG-3' (R)

CyclinDI 5-CTTCGTTGCCCTCTGTG-3' (F)
5'-TTGGGGTCCATGTTCTG-3' (R)

CDK2 5'-GAAACAAGTTGACGGGA-3' (F)
5'-ATGAGGGGAAGAGGAAT-3' (R)

CDK4 5'-TTTGACCTGATTGGGCT-3' (F)
5'-AGAGATTCGCTTGTGTG-3' (R)

CDKé 5-TCAGGTTGTTTGATGTG-3' (F)
5-AGCGAGTTTTATTTGTC-3' (R)

GAPDH 5'-ATGACATCAAGAAGGTGGTGAAGCAGG-3' (F)
5'-GCGTCAAAGGTGGAGGAGTGGGT-3' (R)

Sanying Biotechnology Co., Ltd., China; 1:200), CDK2
(Wuhan Sanying Biotechnology Co., Ltd., China; 1:200),
CDK4 (Wuhan Sanying Biotechnology Co., Ltd., China;
1:200) and CDK6 (Wuhan Sanying Biotechnology Co.,
Ltd., China; 1:200) at 4°C overnight, followed by second
antibodies including goat anti-rabbit (1:5000) and goat anti-
rat (1:5000) for 1 hr at room temperature. Afterwards, the
proteins were visualized with Super ECL Plus (Beijing
Leigen Biotechnology Co., Ltd., Beijing, China). Tubulin
was used as an internal control.

Cell Counting Kit-8 (CCK-8) Assay
AM-1 cells were seeded in 96-well plates. CCK-8 reagent
(Beyotime, Shanghai, China) was added into each well at 24
hrs, 48 hrs and 72 hrs after transfection.'® Finally, absorbance
was measured at 450 nm under a microplate reader.

Colony Formation Assay

Colony formation assay was used to measure cell prolifera-
tion. The cultured AM-1 cells were seeded in 12-well plates
and cultured in an incubator for 2 weeks. The cells were fixed
with 4% paraformaldehyde for 15 mins and then stained with
1 mL crystal violet for 15 mins. Finally, the number of cloned
cells was counted. Colony formation rate = (the number of
colony cells/the total number of cells) X 100%.

Flow Cytometry Assay

For cell apoptosis, transfected AM-1 cells were seeded in
12-well plates, separately. After adding 5 pL of Annexin
V/FITC, transfected cells were incubated at room tempera-
ture for 5 mins in the dark, followed by 10uL of 20 ug/uL
propidium iodide (PI) solution. Finally, the cell apoptosis
was analyzed by flow cytometry. For cell cycle, cultured
cells were only added 0.4 mL PI solution and incubated at
37°C for 30 mins in the dark. Finally, the cell cycle was
analyzed by flow cytometry.

Transwell Chamber Assay

Cell migration ability was determined by transwell cham-
ber assay. 4x10* AM-1 cells were seeded in the upper
chamber (Millicell, Zhejiang, China) supplemented with
100 pL serum-free medium, while medium plus 10% FBS
was added to the lower chamber. After incubation at 37°C
for 24 hrs, the cells were fixed with 4% paraformaldehyde
for 1 hr at room temperature, followed by dyeing with
0.1% crystal violet solution for 30 mins (Sigma, NY,
USA). Finally, the migrated cells were counted in five
different areas under a microscope.
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Xenograft Tumor

Sixteen BALB/c female nude mice (4-week-old) were ran-
domly divided into two groups. 2x10° AM-1 cells trans-
fected with siRNA control or siRNA-ENST00000512916
were subcutaneously inoculated into the right axilla of the
nude mice. The length (L) and width (W) of tumor were
measured every four day. The tumor volume (V) was calcu-
lated as follows: V=1/2xLxW?. After 40 days, nude mice
were sacrificed. Finally, the tumors were removed and
weighed. Our study was approved by the Ethics Committee
of School of Stomatology, China Medical University (2016—
13). This study was performed following the recommenda-
tions in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health. The animal
use protocol was reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC) of
the China Medical University.

HOXCI3 RNAscope Assay

The RNAscope assay was performed on formalin-fixed par-
affin-embedded (FFPE) AB tissues using RNAscope 2.5 HD
Reagent Kit (3222300; Advanced Cell Diagnostics (ACD),
Hayward, CA).?° Firstly, AB tissue section was deparaffi-
nized with xylene plus 100% ethanol, followed by incubation
with pretreat solution series. Afterwards, the tissue section
was hybridized with a probe Hs-HOXC13, positive control
probe Hs-PPIB, negative control probe DapB in the HybEZ
oven (ACD) at 40°C for 2 hrs. To ensure RNA quality,
housekeeping gene PPIB served as a positive control. Then,
section was subjected to signal amplification using HD 2.5
detection Kit. Furthermore, a mixture of Fast-RED solutions
A and B (1:60) was used to detect hybridization signal.
Followed by counterstaining with Gill’s hematoxylin, sec-
tions were dried in a 60°C dry oven for 15 mins and mounted
with Ecomount. All sections were scanned using the whole-
slide morphometric analysis scanning platform Aperio
Scanscope CS (Leica Biosystems, Nussloch, Germany).
The section was scanned at the maximum available magnifi-
cation (40x), which was stored as digital high-resolution
images. According to the PPIB evaluation, digital section
was inspected with Aperio ImageScope v.11 (Leica
Biosystems, Nussloch, Germany; 20x). Moreover, ten fields
with an equal area were selected for the analysis (40x).

Statistical Analysis
Statistical analyses were performed using Graphpad Prism
7.0 (Graph Pad Software, Inc., San Diego, CA, USA).

Each experiment was independently repeated at least
three times. The experimental data for each group are
expressed as mean =+ standard deviation (SD). Two group
comparisons were determined using student’s ¢ test, while
multiple group comparisons were performed using one-
way ANOVA analysis. P<0.05 was considered statistically
significant.

Results
LncRNA ENSTO00000512916 Is

Up-Regulated in AB Tissues

To identify differentially expressed IncRNAs in AB tissues,
microarray analysis was used to perform IncRNA expression
profile between AB tissues and NOM tissues (six paired sam-
ples). The scatter plot demonstrated the variation of IncRNA
expression between AB tissues and NOM tissues (Figure 1A).
As depicted in volcano plot, all differentially expressed
IncRNAs between the two groups were identified with fold
change>2 and p-value<0.05 (Figure 1B). Differentially
expressed IncRNAs were further analyzed by hierarchical
clustering analysis. Figure 1C shows the differences in the
expression patterns of these differentially expressed IncRNAs
between AB tissues and NOM tissues. Among all differentially
expressed IncRNAs, ENST00000512916 (also known
HOXC13-AS; 44.961201-fold change; chrl2), a novel up-
regulated IncRNA in AB tissues, was selected for further
analysis. To validate the microarray results of ENST00000-
512916, real-time qPCR was performed. The results suggested
that the expression levels of ENST00000512916 in AB tissues
were all higher than that in NOM tissues, which were consis-
tent with the microarray analysis results (Figure 1D).
Furthermore, we also found that ENST00000512916 had the
higher expression levels in AB tissues than dental follicles
(Figure 1D).

Up-Regulated IncRNA
ENSTO00000512916 Promotes Cell

Proliferation and Inhibits Apoptosis for

AM-I Cells

The specific siRNA was used to silence IncRNA
ENST00000512916 in AM-1 cells. After 48 hrs of transfec-
tion, IncRNA ENST00000512916 expression was signifi-
cantly lower in AM-1 cells compared with control group,
suggesting that ENST00000512916 was successfully inhib-
ited (Figure 2A). The cell proliferation ability was evaluated
by CCK-8 and colony formation assays. After transfection of
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Figure I LncRNA ENST00000512916 is up-regulated in AB tissues. (A) The scatter plot shows the changes in IncRNA expression. LncRNAs above the top green line and
below the bottom green line suggest more than a |.5-fold change between AB group and NOM group. (B) The volcano plot demonstrates the expression patterns of all
IncRNAs between AB and NOM tissues. X-axis represents log2 (fold change) and y-axis stands for —logl0 (p-value). (C) The hierarchical clustering analysis suggests the
differences in IncRNA expression profiling between AB and NOM tissues. (D) The expression level of ENST00000512916 was validated in 26 AB tissues using real-time

qPCR. *¥**p-value<0.0001.
Abbreviations: AB, ameloblastoma; NOM, normal oral mucosa.

siRNA-ENST00000512916, cell viability was significantly
inhibited compared to control group according to CCK-8
assay (Figure 2B). Furthermore, colony formation assay
results showed that cell proliferation was significantly sup-
pressed in siRNA-ENST00000512916 group compared to
control group (Figure 2C). As shown in Figure 2D,
ENST00000512916 was successfully overexpressed. We
found that ENST00000512916 overexpression significantly

promoted AM-1 cell viability compared to empty vector
group (Figure 2E). Moreover, colony formation assay results
suggested that ENST00000512916 overexpression signifi-
cantly induced AM-1 cell proliferation (Figure 2F). Flow
cytometry assay was used to assess the cell apoptosis. The
results showed that AM-1 cell apoptosis rate was significantly
higher in si-ENST00000512916 group compared to control
group (Figure 2G). Furthermore, after overexpression of
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Figure 2 Up-regulated IncRNA ENST00000512916 promotes cell proliferation and inhibits apoptosis for AM-I cells. (A) Real-time qPCR results showed that
ENST00000512916 was successfully silenced after transfection of siRNA-ENST00000512916 in AM-I cells. (B) CCK8 assay was used to assess the AM-| cell viability at
24 hrs, 48 hrs and 72 hrs after transfection with si-ENST00000512916. (C) Colony formation assay was used to detect the cell proliferation ability of AM-1 cells after
transfection with si-ENST00000512916. (D) Real-time qPCR results showed that ENST00000512916 was successfully overexpressed in AM-1 cells. (E) The AM-I cell
viability was evaluated at 24 hrs, 48 hrs and 72 hrs after overexpression of ENST00000512916 using CCK-8 assay. (F) The AM-| cell proliferation was detected after
overexpression of ENST000005 12916 using colony formation assay. (G) Flow cytometry assay was used to detect the AM-1 cell apoptosis after silencing ENST00000512916.
(H) The AM-I cell apoptosis was assessed after overexpression of ENST00000512916 using flow cytometry assay. *p-value<0.05; **p-value<0.01; ****p-value<0.0001.

ENST00000512916, AM-1 cell apoptosis was significantly
decreased (Figure 2H). Above results reveal that up-regulated
ENST00000512916 promotes cell proliferation and inhibits
apoptosis for AM-1 cells.

Up-Regulated IncRNA ENST00000512916
Promotes AM-| Cell Cycle Progression

and Cell Cycle Related Protein Expression
We further explored whether ENST00000512916 affected
AM-1 cell cycle. Flow cytometry results showed that

ENST00000512916 knockdown significantly increased G1/
G2 phase (Figure 3A), while ENST00000512916 overexpres-
sion increased S phase (Figure 3B). Because the G1/S phase
checkpoint plays an important role in the cell cycle, therefore,
we detected cell-cycle-related proteins including CyclinD1,
CDK2, CDK4 and CDK6. Real-time qPCR results showed
that ENST00000512916 knockdown significantly suppressed
the mRNA expression levels of CyclinD1, CDK2, CDK4 and
CDK6 (Figure 3C). Moreover, ENST00000512916 overex-
pression significantly promoted the expression of CyclinD1,
CDK2, CDK4 and CDK6 at the mRNA levels (Figure 3D).
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Figure 3 Up-regulated IncRNA ENST00000512916 promotes AM-1 cell cycle progression and cell-cycle-related protein expression. Flow cytometry assay results showing
the significant increased G1/G2 phase in AM-1 cells transfected with si-ENST00000512916 (A), and the significant increased S phase in AM-lcells transfected with
ENST00000512916 overexpression (B). Real-time qPCR results showed the mRNA expression levels of cell-cycle-related proteins including CyclinD |, CDK2, CDK4 and
CDKG6 were significantly inhibited in AM-| cells transfected with si-ENST00000512916 (C) or were significantly promoted in AM-1 cells transfected with ENST00000512916
overexpression (D). (E) Western blotting analysis showed that the expression levels of CDK2, CDK4 and CyclinD| were significantly inhibited in AM-I cells transfected
with si-ENST00000512916. (F) Western blotting analysis showed that the expression levels of CDK2, CDK4 and CDK6 were significantly elevated in AM-1 cells transfected
with ENST00000512916 overexpression. *p-value<0.05; **p-value<0.01; ***p-value<0.001; ****p-value<0.0001 and ns indicates no statistical significance.

After transfection of si-ENST00000512916 in AB cells, the
expression levels of CDK2, CDK4 and CyclinD1 significantly
decreased, however, the expression of CDK6 did not signifi-
cantly change (Figure 3E). Moreover, after overexpression of
ENSTO00000512916, the expression levels of CDK2, CDK4
and CDK6 were significantly elevated (Figure 3F). Therefore,
these results suggest that up-regulated IncRNA ENSTO0000-
0512916 promotes AM-1 cell cycle progression and cell-cycle
-related protein expression.

Up-Regulated IncRNA
ENST00000512916 Promotes AM-1 Cell
Migration

We investigated whether IncRNA ENST00000512916 could
regulate AM-1 cell migration using transwell chamber assay.

We found that AM-1 cell migration was significantly inhib-
ited after transfection with si-ENST00000512916 compared

with control group (Figure 4A). Furthermore, the cell migra-
tion ability of AM-1 cells was significantly promoted after
ENSTO00000512916 overexpression (Figure 4B). Above
results suggest that up-regulated IncRNA ENST00000-
512916 promotes AM-1 cell migration.

Up-Regulated IncRNA ENST00000512916

Promotes AB Tumor Growth

The nude mouse xenograft models were constructed to inves-
tigate the effects of ENST00000512916 on tumor growth
in vivo. AM-1 cells transfected with si-ENST00000512916
or siRNA control were injected into the right side of axillary
of nude mice. 40 days after injection, we found that the tumor
volume was obviously smaller compared with control group
(Figure 5A). Tumor growth curve depicted that after injection
AM-1 cells transfected with si-ENST00000512916, the tumor
growth rate was significantly slowed down (Figure 5B).
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Figure 5 Up-regulated IncRNA ENST00000512916 promotes AB tumor growth. (A) Representative images of the tumors removed from nude mice after injection with
AM-1| cells transfected with si-ENST00000512916 or siRNA control. (B) Tumor growth curves are shown, and the results are presented as the mean tumor weight + SD.

**p-value<0.0l; ****p-value<0.0001.

Therefore, up-regulated IncRNA ENST00000512916 pro-
motes AB tumor growth, which could become a potential
therapeutic target.

HOXCI3 Is Up-Regulated in AB Tissues

Our previous study examined the expression of HOXC13 in
AB tissues.”' In this study, we found that the mRNA expres-
sion levels of HOXC13 were significantly higher in AB tissues
compared to NOM tissues or dental follicles (Figure 6A).

Furthermore, the expression of HOXC13 in AB tissues was
confirmed using RNAscope assay (Figure 6B).

HOXCI3 Is Mediated by IncRNA

ENST00000512916 in AM-1 Cells

To further investigate whether HOXC13 could regulate cell
proliferation, we detected the cell proliferation after AM-1
cells transfected by si-HOXC13 or HOXC13 overexpression.
The effect of AM-1 cells transfected by si-HOXC13 was
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Figure 6 HOXCI 3 is up-regulated in AB tissues. (A) Real-time qPCR results showed the relative expression levels of HOXCI 3 in 26 pairs of AB tissues compared to NOM
tissues or dental follicles. (B) RNAscope assay was used to detect the expression of HOXCI3 in AB tissues. *p-value<0.05.

evaluated by Western blotting analysis. HOXC13 had the low-
est protein expression levels after AM-1 cells transfected with
siRNA-2; therefore, siRNA-2 was chosen for further analysis
(Figure 7A). We constructed a pcDNA3.1-HOXC13 recombi-
nant plasmid to overexpress HOXC13. As shown in Figure 7B,
HOXCI13 was successfully overexpressed (Figure 7B). We
found that si-HOXC13 significantly inhibited AM-1 cell via-
bility compared to control group (Figure 7C). However, over-
expression of HOXCI3 significantly promoted the cell
viability (Figure 7D). Intriguingly, we found that si-
ENST00000512916 significantly inhibited the expression of
HOXC13 using real-time qPCR (Figure 7E), while ENST000-
00512916 overexpression significantly promoted the expres-
sion of HOXC13 (Figure 7F). Western blotting analysis results
showed that si-HOXC13 significantly inhibited CDK2 expres-
sion compared to control group; however, ENST00000512916
overexpression ameliorated the inhibitory effect (Figure 7G).
Above results indicated that HOXC13 could be mediated by
IncRNA ENST00000512916 in AM-1 cells.

Discussion
AB is a common type in odontogenic tumors, which has
important clinical significance.”> Therefore, it is necessary

to better understand the molecular mechanisms of AB.****
The development of tumor is often associated with the acti-
vation of proto-oncogenes and the inactivation of tumor
suppressor genes. LncRNA usually regulates the develop-
ment of tumor via affecting important oncogenes and tumor
suppressor genes, which participates in tumorigenesis and
malignant transformation.”> In the present study, all differ-
entially expressed IncRNAs between AB and NOM from 6
AB patients were identified via microarray analysis, among
them, a novel IncRNA ENST00000512916 was obviously
up-regulated.”® Furthermore, IncRNA ENST00000512916
was validated to be up-regulated in 26 AB tissues.

After AM-1 cells transfected by si-ENST00000512916,
AM-1 cell proliferation ability was significantly suppressed.
Cell proliferation and apoptosis are basic events in develop-
mental and tissue homeostasis.?” The rate of cell proliferation
may lead to local invasiveness of AB.*® Therefore, IncRNA
ENST00000512916 could regulate AB cell proliferation and
apoptosis. Identification of proliferative activity in tumors
can be used to predict their biological behavior. Previous
studies have found that recurrent AB has high proliferative
activity.”” Our study found that inhibiting ENST0000-
0512916 could suppress cell proliferation, indicating that
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Figure 7 HOXCI3 is mediated by IncRNA ENST00000512916 in AM-I cells. Western blotting analysis results showed that the expression levels of HOXCI3 were
significantly inhibited in AM-1 cells transfected with si-HOXCI3 (A) or were significantly promoted after HOXC13 overexpression (B). CCK8 assay results showed that the
cell viability was significantly inhibited in AM-1 cells transfected by si-HOXCI3 (C) or was significantly promoted in AM-1 cells transfected by HOXCI3 overexpression (D).
Real-time qPCR results showed the HOXCI3 expression was significantly inhibited in AM-I cells transfected with si-ENST00000512916 (E) or was significantly elevated in
AM-| cells transfected with ENST00000512916 overexpression (F). (G) Western blotting analysis showed ENST00000512916 overexpression significantly promoted the
expression levels of CDK2 and CDK4 and CDK®é, which were reversed by si-HOXCI3. *p-value<0.05; **p-value<0.0l; ***p-value<0.001; ****p-value<0.000! and ns

indicates no statistical significance.

ENST00000512916 value
a therapeutic target. Then we further explored how
ENST00000512916 regulated cell proliferation. We found
that the expression of cyclin-dependent kinase including
CDK2/4/6 was significantly decreased after inhibiting
IncRNA ENSTO00000512916, while the expression of

CDK2/4/6 was elevated after overexpressing IncRNA

possesses  potential as

ENST00000512916. CDK is a serine/threonine family pro-
tein kinase that regulates the mammalian cell cycle. Cell
cycle regulation disorders are closely related to the abnormal
expression of CDK.*® Activation of CDK2/4/6 leads to pro-
liferation of malignant tumor cells.’' Furthermore, CDK2/4/
6 promotes cell cycle progression from G1 into S phase.’**

We found that silencing ENST00000512916 significantly
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increased G1/G2 phase, while S phase was increased after
overexpressed ENSTO00000512916. Therefore, IncRNA
ENST00000512916 regulates the expression of CDK2/4/6,
thereby promoting the cell cycle progression. Furthermore,
we found that IncRNA ENST00000512916 could play an
important role in AB metastasis using transwell chamber
assay.

Our study confirmed that IncRNA ENST00000512916
could regulate the proliferation of AB cells by regulating
cell cycle progression in vitro. However, the regulation of
IncRNA ENST00000512916 on AB cells is not affected
by other signaling pathways and transcriptional regulators.
The development and progression of tumors in vivo is
a long-term complex and phased process. The same
IncRNA is involved in the regulation of different signaling
pathways in different tumor cells. Therefore, to further
confirm the regulation of IncRNA ENST00000512916 on
AB proliferation and cell cycle progression, we con-
structed the nude mice xenograft models. After transfected
AM-1 cells were injected into the right side of the nude
mouse, the experimental results showed that IncRNA
ENST00000512916 promoted tumor growth in vivo.
Therefore, IncRNA ENST00000512916 regulates the pro-
liferation process of AB in vivo, which could become
a potential therapeutic target.

HOXCI13 gene is composed of two exons spanning 7.829
kbs of genomic DNA, which encodes a conserved protein of
330 amino acids. It contains a cluster of 61 amino acids (amino
acids 258-318) forming the DNA binding homeodomain.**
Increasing evidence suggests that HOXCI13 regulates cell
proliferation in several tumors such as lung adenocarcinoma,
esophageal squamous cell carcinoma and nasopharyngeal
carcinoma.>>>’ However, it remains unclear whether
HOXC13 regulates the proliferation of AB cells. In the present
study, HOXC13 was up-regulated in 26 AB tissues.
Overexpressed HOXC13 promoted cell proliferation accord-
ing to CCK8 assay. Conversely, the cell proliferation ability
was inhibited after HOXC13 knockdown. Therefore, up-
regulated HOXC13 promotes cell proliferation in AM-1 cells.

We further confirmed whether HOXC13 was regulated
by IncRNA ENST00000512916. ENST00000512916
overexpression in AB significantly promoted HOXC13
expression. We found that HOXCI13 knockdown signifi-
cantly decreased the expression of cell-cycle-related pro-
tein CDK2, which was ameliorated by ENST00000512916
overexpression. Therefore, HOXC13 may be mediated by
IncRNA ENST00000512916 in AM-1 cells. Our future
research focuses on the specific mechanism by which

IncRNA ENST00000512916 regulates HOXC13 expres-
sion in AB. Furthermore, we detected the expression of
ENST00000512916 in maxillary and mandibular of AB.
The lesions in the two locations have different biological
BRAF and SMO mutations and
aggressiveness.”®>° Thus, in future studies, we will further

behaviors such as

explore the differences in expression and role of
ENST00000512916 in different lesions of AB.

Conclusion

In our study, we identified a novel IncRNA ENST0000-
0512916 in AB by microarray analysis. We found that the
IncRNA was up-regulated in 26 AB tissues by real-time qPCR.
Further research showed that ENST00000512916 may pro-
mote cell proliferation, migration and cell cycle progression in
AM-1 cells. Furthermore, ENST00000512916 facilitates
tumor growth in vivo. Intriguingly, we found that HOXC13
is mediated by IncRNA ENST00000512916 in AM-1 cells.
Therefore, IncRNA ENST00000512916 could be considered
as a potential therapeutic target against AB.
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