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Abstract

Background: The pathogenesis of fibrous epulis is still quite unclear. Our recent
genome-wide RNA sequencing analysis revealed that in fibrous epulis, RAS-PI3K-
AKT-NF-xB pathway regulates the expression of Bcl-2 family and IAP family genes,
leading to increased proliferation and the inhibition of apoptosis. The PISK/AKT sign-
aling pathway can promote autophagy in human gingival fibroblasts; therefore, the
purpose of the present study was to identify whether autophagy is involved in the
pathogenesis of fibrous epulis.

Methods: Differentially expressed genes (DEGs) between fibrous epulis lesions and
normal gingival tissues were identified using the PCR array. The expression levels of
eighteen autophagy-related (ATG) family genes, twelve B-cell lymphoma 2 (Bcl-2)
family genes, and eleven cysteine-dependent aspartate-directed protease (caspase)
family genes were validated using quantitative real-time PCR (qRT-PCR). Autophagy
induction was determined by measuring microtubule-associated protein light chain 3
(LC3) conversion (LC3-1 to LC3-Il) by immunoblot analysis.

Results: The PCR array identified six upregulated genes, whereas no genes were
expressed at significantly lower levels. The upregulated genes were BCL2, BCL2L1,
CXCR4, HSP90AA1, HSPA8, and IGF1, which all belong to the “regulation of autophagy”
group but not the “autophagy machinery components” group. gRT-PCR verified that
the expression levels of BCL2, BCL2L1 (also known as BCL-XL), and BCL2L2 (also known
as BCL-W) were significantly increased in fibrous epulis. No LC3-I to LC3-Il conversion
was observed.

Conclusions: The present study reveals that in fibrous epulis, Bcl-2 and Bcl-xL coordi-
nately mediate gingival cell escape from apoptosis, leading to uncontrolled prolifera-
tion. Moreover, ATG family genes are not activated, and autophagy is not involved in

this process.
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1 | INTRODUCTION

The pathogenesis of fibrous epulis is still quite unclear, and apop-
tosis inhibition through the overexpression of Bcl-2 may play an
important role in the process of epulis.® To investigate the mo-
lecular mechanisms of epulis, we recently used genome-wide RNA
sequencing (RNAseq) to identify alterations in gene expression in
the transcriptome. RNAseq and subsequent KEGG pathway anal-
ysis indicated that the differentially expressed genes (DEGs) were
enriched in “Ras signaling pathway” and “Pathways in cancer”?
Moreover, the identified DEGs in epulis were not a part of the ca-
nonical RAS-RAF pathway but in the RAS-PI3K-AKT pathway, which
strongly indicated that although epulis has a tumor-like appearance,
itis not a true neoplasia because the critical signaling pathways were
all associated with proliferation and antiapoptosis but not other can-
cer pathways.? In another study, we identified the expression of 84
apoptotic genes in epulis using a Qiagen RT2 Profiler PCR Array, and
the results indicated that the overexpression of antiapoptotic genes
in the Bcl-2 and IAP families inhibits apoptosis in gingival tissues,
which eventually causes epulis.® In summary, our recent studies
revealed that in fibrous epulis, the RAS-PI3K-AKT-NF-kB pathway
transcriptionally regulates the expression of Bcl-2 family and IAP
family genes, leading to increased proliferation and the inhibition of
apoptosis.*®

A previous electron microscopic study of congenital epulis
showed that the cells were filled with autophagic vacuoles that were
devoid of normal cellular organelles.é'7 A recent study also reported
that the PI3K/AKT signaling pathway can promote autophagy in
human gingival fibroblasts.® Therefore, the present study used the
PCR array to identify whether, in addition to increased proliferation
and apoptosis inhibition, autophagy was involved in the pathogene-
sis of fibrous epulis. These results may provide novel information for

further development of mechanism-based diagnostics and therapies.

2 | MATERIALS AND METHODS

2.1 | Patientrecruitment and sample collection

From January 2018 to December 2018, 55 patients with fibrous
epulis were recruited for the current study from the Ninth People's
Hospital affiliated with Shanghai Jiao Tong University, School of
Medicine and Hwa Mei Hospital affiliated with the University of the
Chinese Academy of Science. Fibrous epulis was diagnosed clinically
and confirmed by histopathology, and the inclusion and exclusion
criteria were described previously.* Finally, five randomly selected
patients, two males and three females, aged 43-57 years, were
recruited for PCR array analysis. Other 50 patients, 18 males and
32 females, aged 38-61 years, were recruited for validation study.
Each removed lesion and normal gingival tissue was divided into two
pieces; one piece was stored in RNAstore for subsequent RNA ex-
traction, and the other piece was stored in -80°C refrigerator for
subsequent immunoblot analysis. The protocol for this study was

reviewed and approved by the Medical Ethics Review Board, and

gingival tissues were collected with written informed consent.

2.2 | RNA extraction

Total RNA was extracted from gingival tissues by using a Qiagen
RNeasy Universal Tissue Kit with gDNA Eliminator Solution ac-
cording to the manufacturer's instructions. The RNA quality was
determined using a NanoDrop ND-1000 spectrophotometer. RNA
integrity was determined using an Agilent 2100 Bioanalyzer. The
intensity of the 18S and 28S rRNA bands was examined on a 1%
formaldehyde-agarose gel. RNA samples with optical density (OD)
260/280 ratios = 1.8, RNA integrity numbers (RINs) of > 7.0 and
28S/18S > 1.5 were subjected to the following experiments.

2.3 | PCRarray analysis

The Qiagen RT? Profiler PCR Array Human Autophagy was used
to measure the expression levels of autophagy-associated genes.
This PCR array system is a reliable and accurate tool for analyzing
the expression of 84 genes associated with autophagy machinery
components (autophagic vacuole formation, vacuole targeting,
protein transport, autophagosome-lysosome linkage, ubiquitina-
tion, and proteases) and the regulation of autophagy (coregulators
of autophagy and apoptosis, coregulators of autophagy and the cell
cycle, autophagy induction by intracellular pathogens, autophagy
in response to other intracellular signals, and chaperone-mediated
autophagy). Moreover, five housekeeping genes, one genomic DNA
control, three reverse transcription controls, and three positive PCR
controls were included in the same 96-well plate.

The procedure began with the conversion of each 0.5 pg RNA
sample into first-strand cDNA using the RT? First Strand Kit. Next,
the cDNA was mixed with an appropriate RT2 SYBR® Green Master
mix. This mixture was aliquoted into the wells of the RT? Profiler
PCR Array. PCR was performed, and relative expression was deter-

mined using data from the real-time cycler and the AACT method.

2.4 | Quantitative reverse transcription-
Polymerase Chain Reaction (qRT-PCR)

Eighteen autophagy-related (ATG) family genes, twelve B-cell
lymphoma 2 (Bcl-2) family genes, and eleven cysteine-dependent
aspartate-directed protease (caspase) family genes were further val-
idated by qRT-PCR in 50 pairs of gingival tissues. Double-stranded
cDNA was synthesized using the TaKaRa PrimeScript RT Reagent
Kit according to the manufacturer's instructions. Subsequently, qRT-
PCR was performed using a Roche LightCycler 480 and SYBR Green
| Master mix. The AACT method was used to quantify the relative
expression of each mRNA using GAPDH as an internal control. All
the experiments were repeated three times.
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2.5 | Autophagy detection

Autophagy induction was determined by measuring microtubule-
associated protein light chain 3 (LC3) conversion (LC3-I to LC3-II) by
immunoblot analysis, since this is currently the most experimentally
straightforward method to monitor autophagic activity.” Gingival
tissues were homogenized in lysis buffer, and after being incubated
on ice and centrifuged, the supernatant was carefully collected.
Protein content was quantified by the Lowry method.* Aliquots
of supernatant containing 50 ug of protein were subjected to 10%
SDS-PAGE and transferred to a PVDF membrane. The membranes
were blocked at room temperature for 2 h and then incubated with
an anti-LC3 primary antibody and an appropriate secondary anti-
body. The membranes were washed three times and exposed to ECL
chemiluminescence reagents. The autoradiograms were scanned,
and the protein bands were quantified by densitometry using Bio-
Rad Quantity One software.

2.6 | Statistical analysis

The differences in mRNA expression between the groups were
evaluated with paired-samples t tests using SPSS 18.0 software.
Significance was considered to be p < 0.05. The criteria for the PCR
array were set as p < 0.05 and fold change 21.5 or <0.67.

3 | RESULTS

3.1 | Identification of differentially expressed
autophagy-associated genes between fibrous epulis
lesions and normal gingival tissues

The expression profiles of 84 autophagy-associated genes were
determined using a PCR array. The whole results were listed in the
Table S1. Compared with normal gingival tissues, the fibrous epu-
lis lesions exhibited six upregulated genes, whereas no genes were
expressed at significantly lower levels. The upregulated genes were
BCL2, BCL2L1, CXCR4, HSP90AA1, HSPA8, and IGF1 (Table 1), which
all belong to the “regulation of autophagy” group but not the “au-
tophagy machinery components” group. Moreover, none of the ATG
family genes were found to have altered expression levels in fibrous

epulis.

TABLE 1 PCR array analysis identified the DEGs of fibrous epulis

Gene symbol Fold 95%Cl p-value

BCL2 2.8708 1.96,3.78 0.002084
BCL2L1 2.4894 1.61,3.37 0.007523
CXCR4 2.4534 1.50, 3.41 0.022578
HSP90AA1 2.6539 1.90,3.41 0.000496
HSPA8 2.2733 0.97,3.58 0.013304
IGF1 2.2162 1.16,3.27 0.039901

3.2 | Identification of ATG family gene expression
in fibrous epulis lesions and normal gingival tissues

Since no ATG family genes were identified in the PCR array, the ex-
pression levels of 18 ATG family genes were further measured by
gPCR. These genes were ULK1 (also known as ATG1), ATG3, ATG4A,
ATG4B, ATG4C, ATG4D, ATG5, BECN1 (also known as ATG6), ATG7,
GABARAP (also known as ATG8A), GABARAPL1 (also known as
ATG8B), GABARAPL? (also known as ATG8C), ATG9A, ATG9B, ATG10,
ATG12, ATG16L1, and ATG16L2. The results confirmed that the ex-
pression levels of ATG family genes were unchanged in fibrous epulis
(Figure 1).

3.3 | Identification of Bcl-2 family gene expression
in fibrous epulis lesions and normal gingival tissues

The expression levels of 7 Bcl-2 family genes were further measured
by qRT-PCR. These genes were BCL2, BCL2A1, BCL2L1 (also known
as BCL-XL), BCL2L10 (also known as BCL-B), BCL2L11 (also known as
BIM), BCL2L2 (also known as BCL-W), and BCL10. The results indi-
cated that the expression levels of BCL2, BCL2L1, and BCL2L2 were
significantly increased in fibrous epulis (Figure 2).

3.4 | Identification of Caspase family gene
expression in fibrous epulis lesions and normal
gingival tissues

The expression levels of 11 caspase family genes were further meas-
ured by gRT-PCR. These genes were CASP1, CASP2, CASP3, CASP4,
CASP5, CASP6, CASP7, CASP8, CASP9, CASP10, and CASP12. The re-
sults indicated that the expression levels of all caspase family genes

remained unchanged in fibrous epulis (Figure 3).

3.5 | Identification of autophagy

LC3 conversion was used to detect autophagy induction. According
to the immunoblot analysis results, autophagy was not induced in
fibrous epulis or normal gingival tissue (Figure 4). This result is con-
sistent with the unchanged expression levels of ATG family genes.

4 | DISCUSSION

Three major types of cell death occur under physiological condi-
tions: apoptosis, autophagic cell death, and necrosis.**'? Apoptosis
is usually characterized by a number of characteristic morphologi-
cal changes, including cell shrinkage, chromatin condensation, nu-
clear fragmentation, and plasma membrane blebbing.13 It is widely
known that three molecular mechanisms control apoptosis: the in-
trinsic pathway mediated by the Bcl-2 family, the extrinsic pathway
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mediated by death receptors, and the endoplasmic reticulum path-
way; all three pathways depend on caspase activation.’* Our previ-
ous RNAseq study and PCR array studies showed that the expression
levels of BCL2 and BCL2L1 were significantly increased in fibrous
epulis.*> The BCL-2 family, which includes both proapoptotic and an-
tiapoptotic members, acts as a checkpoint upstream of caspase.15'16
Therefore, in the present study, 12 Bcl-2 family genes, including
five proapoptotic members and seven antiapoptotic members, were
investigated. The results indicated that all proapoptotic genes re-
mained unchanged, while the expression levels of BCL2, BCL2L1 (en-
coding the Bcl-xL protein), and BCL2L2 (encoding the Bcl-w protein)
were significantly increased in fibrous epulis. Interestingly, in the
present autophagy PCR array analysis, BCL2 and BCL2L1 were also
found to be increased significantly. Bcl-2 and Bcl-xL usually exhibit

reciprocal expression patterns during development and carcinogen-
esis.’® Therefore, it is strongly suggested that in fibrous epulis, Bcl-2
and Bcl-xL coordinately mediate gingival cell escape from apoptosis,
leading to uncontrolled proliferation.

Moreover, since the caspase cascade plays vital roles in the in-
duction, transduction, and amplification of intracellular apoptotic
signals,” all caspase family genes were examined. The results in-
dicated that none of the caspases were transcriptionally activated.
Considering that the antiapoptotic members of the Bcl-2 family and
caspase members remained unchanged, it is quite clear that apopto-
sis is not involved in fibrous epulis but Bcl-2-mediated hyperprolif-
eration is involved.

Our previous RNAseq study also showed that in fibrous epulis,
apoptosis was inhibited through RAS-PI3K-AKT pathway-mediated
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FIGURE 4 |Identification of autophagy by LC3 conversion. The
upper band is LC3-1, and the lower band is LC3-II. (A) is positive
control; (B) is the normal gingival tissue from randomly selected
sample X; (C) is the epulis lesion from randomly selected sample X;
(D) is the normal gingival tissue from randomly selected sample Y;
(E) is the epulis lesion from randomly selected sample Y

overexpression of Bcl-2 family and IAP family genes. Moreover, a
recent study also reported that the PI3K/AKT signaling pathway
can promote autophagy in human gingival fibroblasts®; therefore,
we conducted further analyses to identify whether autophagy
was involved in fibrous epulis. Autophagy is a highly conserved
cellular process that generally protects cells and organisms under
various stress conditions; thus, autophagy has primarily cytopro-
tective functions and needs to be tightly regulated.’® In addition
to its role in normal physiology, autophagy also plays a critical role
in pathological processes such as cancer.?*?° It is thought that au-
tophagy prevents cancer development. Conversely, once cancer
is established, increased autophagic flux often enables tumor cell
survival and growth.?! Autophagy includes five phases: initiation,
elongation, autophagosome formation, fusion, and autolysosome
formation.?? During autophagy, the cytosolic form of LC3 (LC3-
1) is conjugated to phosphatidylethanolamine to form the LC3-
phosphatidylethanolamine conjugate (LC3-I1), which is recruited to
autophagosomal membranes.?® Thus, measuring LC3 conversion
(LC3-I to LC3-Il) by immunoblotting has become a reliable method
for monitoring autophagy and autophagy-related processes. In the
present study, LC3-Il was not obviously detected in epulis, indicating
that autophagy may not be involved.

Autophagy is executed by ATG family genes.?* The ATG proteins
involved in autophagosome formation consist of several functional
units: the Atgl/ULK complex, the class Il phosphatidylinositol
3-kinase (PI3K) complex, the Atg2-Atg18/WIPI4 complex, Atg9 ves-
icles, the Atgl12 conjugation system, including ATG12-5-16L1 and
WIPI2B, and the Atg8/LC3 conjugation system.?>?® Therefore, the
expression levels of 18 ATG family genes were examined, and all
examined genes remained unchanged in fibrous epulis. This result
was consistent with the lack of LC3-1 to LC3-II conversion, strongly
indicating that similar to apoptosis, autophagy is not involved in the
pathogenesis of fibrous epulis.

In conclusion, the present study reveals that in fibrous epulis,
Bcl-2 and Bcl-xL coordinately mediate gingival cell escape from

Wi LEYm

apoptosis, leading to uncontrolled proliferation. Moreover, ATG fam-

ily genes are not activated, and autophagy is not involved.
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