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Objective: To explore the effect of platelet-derived growth factor (PDGF) on oral mucosal 
fibroblast autophagy and further elucidate the molecular mechanism by which PDGF-BB 
regulates the biological behavior of oral mucosal fibroblasts by inducing autophagy.
Methods: Primary oral mucosal fibroblasts were isolated and cultured by the tissue block 
and trypsin methods and identified by indirect immunofluorescence vimentin detection. We 
detected the autophagy marker Beclin-1 and fibrosis marker Col-I of the primary oral 
mucosal fibroblasts at different time points after stimulating the fibroblasts with different 
PDGF-BB concentrations by Western blotting and determined the best experimental con
centration and stimulation time of PDGF-BB. Then, indirect immunofluorescence, Western 
blotting, and quantitative real-time polymerase chain reaction (PCR) were used to detect the 
effect of PDGF-BB on the expression of autophagy-related and fibrotic proteins before and 
after 3-methyladenine (3-MA) intervention. Additionally, the effect of 3-MA on the prolif
eration and migration of primary oral mucosal fibroblasts stimulated by PDGF-BB was 
detected by the MTT method and a scratch experiment. The effect of PDGF-BB on 
Beclin-1 and phosphatidylinositol-3 kinase class 3 (PI3KC3) interaction was detected by co- 
immunoprecipitation.
Results: The results demonstrated that PDGF-BB could induce autophagy of the oral 
mucosal fibroblasts, showing a certain time and dose correlation. It induced cell autophagy 
through Beclin-1 and PI3KC3 interaction to promote the proliferation, migration, conversion, 
and collagen synthesis of the fibroblasts. However, 3-MA inhibited the combination of 
Beclin-1 and PI3KC3 and weakened the fibroblasts’ proliferation, migration, conversion, 
and collagen synthesis activities.
Conclusion: Overall, PDGF-BB induces autophagy through the Beclin-1 pathway to reg
ulate the biological behavior of oral mucosal fibroblasts.
Keywords: PDGF-BB, primary oral mucosal fibroblasts, autophagy, 3-MA, biological 
behavior, signaling pathway

Introduction
Oral submucous fibrosis (OSF) is an insidious and chronic oral mucosal disease, 
which has been recognized as a precancerous lesion of the oral cavity. Its 
incidence is increasing year by year and its biological behavior is highly malig
nant, which play a huge physical and mental burden on patients. It is prevalent 
primarily in East and Southeast Asia and has a high incidence in Taiwan and 
Hunan1,2 among those chewing betel nuts, which can increase the risk of OSF by 
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109~287 times.3 Studies have found that the arecoline in 
betel nuts is the primary factor inducing OSF, which is 
mainly caused by continuous chemical and mechanical 
stimulation that causes chronic persistent inflammation 
and induces cells to release inflammatory mediators. 
Simultaneously, collagen synthesis increases and degra
dation decreases, leading to collagen fiber deposition in 
oral tissues, an important cause of fibrosis.4,5 OSF is 
a process of multi-cellular multi-molecule participation, 
but the precise pathogenesis of OSF is not fully clear.

Various fibrotic diseases have one thing in common at 
the cellular level: Phenotypic transformation of fibroblasts 
(FBs) in quiescent state into myofibroblasts (MFBs) 
occurs under the action of certain stimulating factors. 
Compared with FBs, MFBs has an increased contractibil
ity of smooth muscle cells (expression of α-smooth muscle 
actin (α-SMA)) and can synthesize a large amount of 
ECM;6,7 simultaneously, ECM degradation is reduced, 
leading to the occurrence of fibrosis. Studies have found 
that the process of OSF is related to a variety of inflam
matory cytokines, such as platelet-derived growth factor 
(PDGF) and transforming growth factor-β (TGF-β). The 
expression is upregulated in tissues and is mainly distrib
uted in the membrane or cytoplasm of FBs and vascular 
endothelial cells.8,9 PDGF is a strong stimulator of the 
proliferation and differentiation of FBs in the oral mucosal 
tissue. It activates PDGF-receptor tyrosine phosphoryla
tion by binding to the corresponding receptor, promotes 
cell mitosis, and increases ECM synthesis and 
secretion.10,11 There are five subtypes of PDGF: PDGF- 
AA, PDGF-BB, PDGF-CC, PDGF-DD, and PDGF-AB. 
Among them, PDGF-BB plays an important role in fibrotic 
diseases. Studies have shown that in tissue injury and 
inflammation, PDGF-BB can stimulate the proliferation 
and migration of hepatic stellate cells (HSC)12 or renal 
tubular mesenchymal cells,13 and induce it to be trans
formed into MFBs, thereby synthesize a large amount of 
collagen, leading to organ structural dysfunction and pro
mote the occurrence of fibrosis disease. According to 
related literature reports, PDGF-BB can induce autophagy 
in vascular smooth muscle cells,14 and Li et al15 found that 
TGF-β induces an increase in the autophagy level of oral 
mucosal FBs and that inhibiting autophagy can reduce the 
level of type I collagen expression. As such, we speculate 
that PDGF-BB may participate in the occurrence and 
development of OSF by inducing autophagy in oral muco
sal FBs.

In the cells of higher vertebrates, autophagy is 
ubiquitous,16 mainly dealing with damaged, degenerated, 
senescent, and out-of-function organelles, denatured pro
teins, nucleic acids, and other biological macromolecules 
through lysosomal degradation pathways.17,18 It includes 
micro-autophagy, macro-autophagy, and molecular cha
perone-mediated autophagy. Among these, macro- 
autophagy has been studied the most extensively and is 
what we usually refer to as autophagy.19 The formation 
and regulation of autophagy is a complex process invol
ving multiple molecules. Among the many autophagy 
pathways, mammalian target of rapamycin (mTOR), 
Beclin-1, and p53 are the three most common. Under 
physiological conditions, cells maintain a low level of 
background autophagy intensity. When the body is 
infected, mechanically damaged, or nutritionally deficient, 
autophagy is activated that provides essential nutrients for 
cell reconstruction, regeneration, and repair, thereby main
taining a stable cell environment. However, the abnormal 
activation of autophagy is widely involved in the patho
physiological processes of many diseases such as infec
tion, tumor, and organ fibrosis. Studies have found that the 
regulation of miR-200b by DNMT3A can control cardiac 
FB autophagy in the process of cardiac fibrosis20 and slow 
down the occurrence and development of the disease. 
When HSCs is impaired in the mouse hepatic fibrosis 
model, the lack of autophagy in the mice reduces fibro
genesis and matrix accumulation. Therefore, selective 
reduction of the autophagy activity of fibrotic cells in the 
liver and other tissues can be used to treat fibrotic 
diseases.21 The role of autophagy in renal fibrosis is bidir
ectional. The unilateral ureteral obstruction model exhibits 
a time-dependent induction of autophagy with renal tubu
lar atrophy, tubular cell death, and interstitial fibrosis, 
while autophagy inhibitor 3-methyladenine (3-MA) 
enhances obstructive renal tubular cell apoptosis and inter
stitial fibrosis. On the contrary, however, several studies 
have shown that the activation of autophagy leads to renal 
fibrosis.22,23 It has been reported that in pulmonary fibro
sis ATG4B protease and autophagy protect epithelial cells 
from bleomycin-induced stress and apoptosis and also 
play a vital role in regulating inflammation and 
fibrosis.24 A number of studies have shown that autophagy 
is related to fibrosis of the heart, liver, kidneys, lungs, and 
other organs, and more and more evidence is demonstrat
ing that the mechanism of autophagy is closely related to 
the occurrence, development, and outcome of fibrotic 
diseases.25
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In essence, PDGF-BB works by binding to PDGF 
receptor-β (PDGFR-β). Han et al8 found that in the FB, 
epithelial, and tissue vascular endothelial cell membranes 
of OSF patients, the expression level of PDGFR-β is 
upregulated, and the interaction of PDGF and PDGFR 
can induce phosphorylation of PDGFR and promote the 
activation of phosphatidylinositol-3 kinase (PI3K).26 PI3K 
has three subtypes: PI3K class 1 (PI3KC1), PI3KC2, and 
PI3KC3 (a homolog of Vps34). After phosphorylation, it 
forms a complex with Beclin-1 to promote the occurrence 
of autophagy.27,28 Therefore, this study intended to explore 
the effect of PDGF-BB on the autophagy of oral mucosal 
FBs and further clarify the molecular mechanism of how it 
induces autophagy to regulate the biological behavior of 
oral mucosal FBs through the interaction of Beclin-1 and 
PI3KC3. In conclusion, these findings suggest that the 
interaction of autophagy with PDGF-BB is a key mechan
ism for the development of OSF and that inhibition of the 
autophagy pathway may provide a new way to prevent 
fiber formation.

Materials and Methods
Primary FB Isolation and Culture
The specimens were the gum tissues obtained from the 
extraction of molar teeth in a healthy 22-year-old Chinese 
female periodontal patient on October 23, 2019. The 
patient was in good health without systemic disease and 
periodontal inflammation. This study was conducted in 
accordance with the declaration of Helsinki. This study 
was conducted with approval from the Ethics Committee 
of Xiangya Hospital of Central South University. Written 
informed consent was obtained from this participant.

The normal human oral mucosal tissue block was 
packed in dulbecco’s modified eagle medium (DMEM) 
(Gibco) containing 15% fetal bovine serum, 100 U/mL 
penicillin, and 100 mg/mL streptomycin. The tissue 
block was washed three times with phosphate buffer saline 
(PBS) containing double antibodies, minced, and inocu
lated into a culture bottle before being cultured in a 37°C 
incubator in a humid environment containing 5% CO2 for 
15–20 days. Then, it was digested with 0.25% trypsin; the 
digestion was terminated with DMEM containing 15% 
fetal bovine serum (FBS). After centrifugation and resus
pension, the cells were incubated in a 37°C incubator in 
a humid environment containing 5% CO2. The primary 
oral mucosal FBS was automatically purified after two 
passages to obtain uniform oral mucosal FBS. Oral 

mucosal FBS after two passages were used for subsequent 
experiments.

Ribonucleic Acid (RNA) Extraction and 
Quantitative Real-Time Polymerase Chain 
Reaction (PCR) Analysis
Total RNA extractor lysate was used to extract the total 
Messenger RNA (mRNA) of the cells, which was reverse 
transcribed into complementary Deoxyribonucleic acid 
(cDNA) according to the instructions of the cDNA kit 
used. The mRNA level was quantified by Hieff qPCR 
SYBR Green Master Mix (Yeasen, Shanghai, China) and 
detected by RT-qPCR (ABI7500, U.S.A.). The PCR reac
tion conditions were as follows: pre-denaturation at 95°C 
for five minutes, denaturation at 95°C for 10 s, annealing/ 
extension at 60°C for 30 s, and a total of 40 cycles of 
denaturation to extension. The relative expression levels of 
LC3 mRNA, Beclin-1 mRNA, COl-I mRNA, and α-SMA 
mRNA were calculated by the 2−ΔΔCt method relative to 
GAPDH mRNA expression. The primer list is given in 
Table 1.

Western Blot Analysis
Proteins were separated from the cell lysates using Radio 
Immunoprecipitation Assay (RIPA) lysate solution, and 
the protein concentration was determined by 
a Bicinchoninic acid (BCA) kit. Then, 30 μg protein was 
separated by 12% SDS-PAGE and transferred to a PVDF 
membrane. The membrane was incubated for an hour in 
blocking buffer containing 5% skimmed milk, followed by 
incubation overnight at 4°C with the primary antibodies, 
which included GAPDH, LC3, Beclin-1, and COl-I, and 
then incubation with the secondary antibodies in the dark 
for two hours at room temperature. The membranes were 

Table 1 The Primers List

Primers Sequence (5´to 3´)

GAPDH-F CATGGGTGTGAACCATGAGAA

GAPDH-R GGTCATGAGTCCTTCCACGAT
LC3-F GATCATCGAGCGCTACAAGG

LC3-R GTCCTCGTCTTTCTCCTGCT

Beclin-1-F CAGGAACTCACAGCTCCATT
Beclin-1-R CATCAGATGCCTCCCCAATC

Col-I-F ATGTGCCACTCTGACTGGAA

Col -I-R CTTGTCCTTGGGGTTCTTGC
α-SMA-F TGCCTTGGTGTGTGACAATG

α-SMA-R TCACCCACGTAGCTGTCTTT
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washed using 0.1% Tween 20/TBS solution three times. 
The blots were visualized by an enhanced chemilumines
cence system (Amersham Pharmacia Biotech, Arlington 
Heights, IL). Each blot was repeated three times.

Immunofluorescence Assay
The cells were seeded at 1×104 in a pre-selected 24-well 
plate with spreading slides and incubated with 10 mM 3-MA 
for 2 h before the corresponding conditions were added to 
culture for 24 h. Then, the cell slides were washed with pre- 
chilled PBS and fixed with 4% paraformaldehyde at room 
temperature for 30 min, after which the membrane was 
penetrated with 0.2% Triton-100 at 4°C for 10 min and 
blocked with 1% BSA for one hour at 37°C. The cells 
were incubated with primary antibodies vimentin (1:100, 
CST), Beclin-1 (1:200, Bioworld), and LC3 (1:500, CST) 
at 4°C overnight before being incubated with a fluorescently 
labeled secondary antibody (Cwbiotech, China) and Hoechst 
(1:500) simultaneously. The images were analyzed under 
a fluorescent microscope (Ficol, LEICA DMi8).

Oral Mucosal FB Proliferation Assay
The MTT method was used to evaluate cell proliferation. 
Cells were seeded in a 96-well plate with 200 μL/well (1 × 
103cells/well). When conditioned medium was added for 0, 
24, 48, 72, and 96 h, The cells were incubated with 20 μL of 
5-mg/mL MTT solution for 4 H and added into the test hole 
on the same day of measurement. After the old culture 
medium was discarded, 150 μL DMSO solution was trans
ferred into a new 96-well plate, which was shaken at a low 
speed for 10 min to examine the absorbance at 490 nm using 
a microplate reader. The experiment was repeated three times.

Wound Healing Assay
Scratch experiments were used to assess cell migration. The 
cells were evenly seeded in a six-well culture plate with 
conditioned medium for 24 h. When the cell density reached 
over 90%, the cells were scraped with a P200 pipette tip to 
create a scratch. The cells were washed with PBS three times 
to remove the suspended cells. The adherent cells were 
incubated with DMEM 0.1% FBS medium and photographed 
at 0, 12, 18, and 24 h post-scratch under a 10× objective.

Co-Immunoprecipitation
The protein interaction was evaluated by the immunopre
cipitation method. RIPA was used to lyse the cells to 
obtain total protein, and the protein concentration was 
determined by the BCA method. The concentration of 

each group was 1 μg/μL. Agarose beads were added for 
adsorption and shaken at 4°C for two hours. The total 
protein was centrifuged at 2,500 rpm × 30 s at 4°C before 
the supernatant was leaved and incubated with the primary 
antibodies (Beclin-1 = 1:200, PI3KC3 = 1:50) at 4°C 
overnight. Then, beads were added again and shaken at 
4°C for two hours. The supernatant was discarded by 
centrifugation at 4°C, the remaining cells were added to 
an EP tube with a loading buffer, given a boiling water 
bath, and denatured for five minutes.

Statistical Analysis
The GraphPad Prism software was used for the data plot
ting, and all statistical analyses were performed using 
SPSS 18.0 (SPSS, Chicago, IL, U.S.A.). The results were 
expressed as the mean ± standard deviation (½�X ± S). 
Comparisons between two groups were evaluated by the 
Student’s t-test. The inspection level was α = 0.05, and 
a P-value <0.05 indicated statistical significance.

Results
Isolation and Culture of High-Purity 
Primary Oral Mucosal FBs
To obtain primary oral mucosal FBs, oral mucosal FBs were 
separated by the tissue block and trypsin methods and 
observed under an inverted microscope after 15 days. 
Figure 1Aa and b represent the morphology of the cells 
swimming out of the tissue block under different magnifica
tions. The cells isolated after digestion were bright and sphe
rical with a clear outline and single or aggregated into a mass. 
Figure 1Ac and d display the growth states of the FBs at 
different magnifications after purification. The cell morphol
ogy was uniform, long, and fusiform, with clear boundaries 
between cells (Figure 1A). The expression of vimentin in the 
primary cultured cells was further detected by Immunological 
Fluorescence Assay (IFA). As shown in Figure 1B, vimentin 
was expressed in the cytoplasm of almost all cells (>99%). 
The cells had obvious synapses and typical FB characteristics 
(Figure 1B). The results showed that primary oral mucosal 
FBs were successfully isolated and cultured.

Best Experimental Concentration of 
3-MA
To screen out the best experimental concentration of 
3-MA, the concentration was divided into seven groups: 
0, 2.5, 5, 7.5, 10, 15, 20, and 25 mmol/L. After stimulating 
oral mucosal FBs with these 3-MA concentrations for 24 
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h, the cells’ proliferation was detected by the MTT 
method, and the OD490nm value was detected by 
a microplate reader. The results showed that the half- 
maximal inhibitory concentration rate of the 3-MA was 
about 10 mmol/L (Figure 2), which was thus used as the 
subsequent experimental concentration.

Effect of Different Concentrations of 
PDGF-BB on the Expression of Col-I and 
Beclin-1
After stimulating oral mucosal FBs with different concen
trations of PDGF-BB (0, 10, 20, 30, 40, 60 ng/mL) for 24 
h and extracting the total cellular protein, the expressions 
of fibrosis-related protein Col-I and autophagy-related pro
tein Beclin-1 were detected by Western blot analysis. The 

Figure 2 The effect of different concentrations of 3-MA on the amount of oral 
mucosal FBs.

Figure 1 Isolation and culture of high-purity primary oral mucosal FBs. (A) Morphological observation of primary cells under inverted microscope. (a and b) The cells swam 
out from the tissue blocks and expanded into the surrounding area. (a) ×100; (b) ×200. (c and d) Morphological observation of cell subculture. (c) ×100; (d) ×200. (B) The 
expression of vimentin in the primary cells under a fluorescent microscope. When the cell density reached 60–80%, the cells were taken out, and rabbit anti-human vimentin 
antibody was used as the primary antibody; goat anti-rabbit IgG-Cy2 was used as the secondary antibody to detect vimentin expression. Blue represents the nucleus, and 
green represents the vimentin protein. The results showed that the cells expressed vimentin positively and that the rate was over 99%.
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results showed that the expression of COl-I changed with 
the concentration, showing a trend of increasing initially 
(reaching a peak at 40 ng/mL) and then decreasing. The 
expression of Beclin-1 also changed with the concentra
tion and was highest at 40 ng/mL as well (Figure 3).

The Effect of PDGF-BB Stimulation Time 
on the Expression of Col-I and Beclin-1
Primary oral mucosal FBs were stimulated with PDGF-BB 
(40 ng/mL) at different times (6, 12, 24, 48, 72 h); a negative 
control group without stimulation was created as well. The 
expression of Col-I and Beclin-1 in the cells at the different 
time points was detected by Western blotting. Compared 
with the control group, fibrosis-related protein Col-I 
increased as the stimulation time increases. Moreover, 
autophagy-related protein Beclin-1 first increased and then 
decreased as the stimulation time increased, reaching a peak 
at 24 h (Figure 4). These findings suggested that the longer 
PDGF-BB stimulates primary oral mucosal FBs, the higher 
the incidence of fibrosis. Additionally, PDGF-BB could 

induce the occurrence of autophagy, which is time- 
dependent, increasing initially and then decreasing.

PDGF-BB Induces Autophagy of Primary 
Oral FBs and the Expression of Col-I
Regarding the effect of PDGF-BB on primary oral mucosal 
FBs, RT-qPCR showed that the expressions of Col-I, Beclin- 
1, and LC3 in the PDGF-BB group were significantly higher 
than those in the control group and that the difference was 
statistically significant (P < 0.05) (Figure 5A). The expres
sion levels of Col-I, Beclin-1, and LC3 were also detected 
by Western blotting. Compared with the control group, the 
expressions of these proteins in the PDGF-BB group were 
significantly increased, and the difference was statistically 
significant (P < 0.05) (Figure 5B). The results of the indirect 
immunofluorescence showed that there was no obvious red 
fluorescence in the control group; however, the PDGF-BB 
group showed red fluorescence. The intensity of the red 
fluorescence in the PDGF-BB group was significantly higher 
than that in the control group (Figure 5C). Overall, these 

Figure 3 Western blotting was used to detect the Col-I and Beclin-1 protein expression of oral mucosal FBs stimulated by different PDGF-BB concentrations. (A) Different 
concentrations of PDGF-BB (0, 10, 30, 40, 60 ng/mL) were used to stimulate the FBs for 24 h. (B) The effect of the different PDGF-BB concentrations on the Col-I and 
Beclin-1 protein expression in the FBs. When the Col-I in the 40-ng/mL group is compared with that in the 0-, 10-, 30-ng/mL groups, ***P < 0.001; when the Beclin-1 in the 
40-ng/mL group is compared with that in the 0-, 10-, 30-, and 60-ng/mL groups, #P < 0.05.

Figure 4 Western blotting was used to detect the Col-I and Beclin-1 protein expression in oral mucosal FBs after different PDGF-BB stimulation times. ***Indicates the 
comparison of Col-I in the 24-h group with that in the 6- and 12-h groups; ***P < 0.001. *Indicates the comparison of Col-I in the 48- and 72-h groups with that in the 24-h 
group; *P < 0.05. #Indicates the comparison of Beclin-1 in the 24-h group with that in the rest of the time groups; #P < 0.05.
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findings revealed that PDGF-BB can promote the autophagy 

Figure 5 PDGF-BB promoted the fibrosis and activated the autophagy of the oral mucosal FBs. (A) Detection of the expression of Col-I, Beclin-1, and LC3 at the mRNA 
level by RT-qPCR. Compared with the control group, the PDGF-BB group’s data are represented as the means ± SD of at least three independent experiments. P < 0.05; 
(***P < 0.01). (B) Western blot detection of autophagy and fibrosis in primary oral mucosal FBs. The expression of fibrosis-related protein Col-I and autophagy-related 
proteins Beclin-1 and LC3 in primary oral mucosal FBs were detected after PDGF-BB stimulation for 24 h. PDGF-BB group vs control group, P < 0.05. (*P < 0.05, ***P < 
0.01). (C) Indirect immunofluorescence detection of cell autophagy (×200). Indirect immunofluorescence was used to detect the expression and localization of autophagy- 
related proteins LC3 and Beclin-1 in primary oral mucosal FBs after PDGF-BB stimulation for 24 h. Hoechst 33342 was used to stain the nucleus; rabbit anti-LC3 and rabbit 
anti-Beclin-1 were the primary antibodies, and Cy3-goat anti-rabbit IgG was the secondary antibodies. LC3 and Beclin-1 showed red fluorescence.
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Figure 6 Effect of autophagy inhibitor 3-MA on PDGF-BB-induced oral mucosal FB fibrosis and autophagy. (A) Detection of the expression of Col-I, α-SMA, Beclin-1, and 
LC3 at the mRNA level by RT-qPCR. The effects of PDGF-BB and 3-MA on the autophagy and fibrosis of primary oral mucosal FBs. The data are represented as the means ± 
SD of at least three independent experiments. *Indicates comparison with the control group, P < 0.05; #Indicates comparison with the PDGF-BB group, P < 0.05. (B) 
Detection of autophagy and fibrosis in primary oral mucosal FBs by Western blotting; effects of PDGF-BB and 3-MA on the autophagy and fibrosis of the FBs. *Indicates 
comparison with the control group, P < 0.05; #Indicates comparison with the PDGF-BB group, P < 0.05. (C) Indirect immunofluorescence was used to detect the effect of 
3-MA on the PDGF-BB-stimulated autophagy and the expression of autophagy-related proteins LC3 and Beclin-1 of the FBs. Hoechst 33342 was used to stain the nucleus; 
rabbit anti-LC3 and rabbit anti-Beclin-1 were the primary antibodies, and Cy3-goat anti-rabbit IgG was the secondary antibodies. LC3 and Beclin-1 showed red fluorescence.
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of primary oral mucosal FBs while stimulating primary oral 
mucosal FB fibrosis.

3-MA Can Downregulate the Expression 
of Col-I, α-SMA, Beclin-1, and LC3 in 
Oral Mucosal FBs Induced by PDGF-BB
After autophagy inhibitor 3-MA was pre-incubated with 
primary oral mucosal FBs for 2 h, PDGF-BB (40 ng/mL) 
condition culture medium was used to continue the culturing 

for 24 h. The expressions of Col-I, α-SMA, Beclin-1, and 
LC3 at the mRNA level were detected by RT-qPCR. The 
results showed that the expression levels in the PDGF-BB 
group were significantly higher than those in the control 
group, 3-MA group, and 3-MA/PDGF-BB group; the differ
ence was statistically significant (P < 0.05) (Figure 6A).

Upon extracting the total protein of each group for 
Western blot analysis, the protein expressions of Col-I, 
Beclin-1, and LC3 in the PDGF-BB group were signifi
cantly higher than those in the control group, and the 

Figure 7 3-MA attenuated the effect of PDGF-BB on the proliferation and migration of the oral mucosal FBs. (A) The effect of PDGF-BB on the proliferation of the FBs at 
different time points was detected by the MTT method. *Indicates vs control group, P < 0.05; #Indicates vs PDGF-BB group, P < 0.05. (B) The migration of the oral mucosal 
FBs was detected by cell scratch assay. Real-time photographing was performed to detect the relative migration width of each group of cells (×50), comparing the average 
relative mobility of the cells at 6, 12, and 24 h. The data are represented as the means ± SD of at least three independent experiments. *P < 0.05 vs control group; #P < 0.05 
vs PDGF-BB group.
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difference was statistically significant (P < 0.05). 
Moreover, the protein expressions of Col-I, Beclin-1, and 
LC3 in the 3-MA and 3-MA/PDGF-BB groups were lower 
than those in the PDGF-BB group, and the difference was 
statistically significant (P < 0.05) (Figure 6B).

The IFA results showed that regarding LC3 and Beclin- 
1, the PDGF-BB group had the strongest red fluorescence, 
the 3-MA group had almost no fluorescence, and the 
3-MA/PDGF-BB group had stronger fluorescence than 
the control and 3-MA groups (Figure 6C). These results 
further indicated that PDGF-BB can induce autophagy in 
oral mucosal FBs and that 3-MA can inhibit this autop
hagy. Therefore, PDGF-BB may regulate the biological 
behavior of oral mucosal FBs by inducing autophagy.

3-MA Attenuates PDGF-BB’s Effect on 
the Proliferation and Migration of Oral 
Mucosal FBs
The MTT method was used to examine the effect of 3-MA 
on the PDGF-BB stimulation of primary oral mucosal FB 
proliferation. The results showed that the OD490nm value 
of the PDGF-BB group was higher than that of the control 
and 3-MA groups at 48 h (P < 0.05) and that the difference 
between the groups increased with time. The difference 
was highly significant (P < 0.01). At 72 and 96 h, the 
OD490nm value of the 3-MA/PDGF-BB group was signifi
cantly lower than that of the PDGF-BB group (Figure 7A). 
These data demonstrated that 3-MA can reduce the ability 
of PDGF-BB to promote the proliferation of oral muco
sal FBs.

The cell scratch test is a common method for detecting 
cell migration ability. The stronger the cell migration 
ability, the faster peripheral cells grow toward the central 
scratch area and the smaller the average scratch width. In 
this study, the scratch width in the PDGF-BB group 

gradually reduced as the culture time increased. 
Moreover, the scratch width in the 3-MA and 3-MA/ 
PDGF-BB groups also gradually reduced as the culture 
time increased but was significantly smaller compared 
with that of the PDGF-BB group (Figure 7B). The average 
relative mobility of the cells in the PDGF-BB group was 
significantly greater than that in the control, 3-MA, and 
3-MA/PDGF-BB groups (P < 0.05 in each group) 
(Figure 7B). These findings confirmed that 3-MA can 
weaken the ability of PDGF-BB to promote the migration 
of oral mucosal FBs.

PDGF-BB Induces Autophagy Through 
Beclin-1 and PI3KC3 Interaction
The cell lysates of each group were extracted and sub
jected to mutual immunoprecipitation analysis with 
Beclin-1 and PI3KC3 antibodies. The results showed that 
there was no protein band in the negative control mixed 
with IgG, indicating that there was no non-specific protein 
interference. However, Beclin-1 protein was detected in 
the PI3KC3 precipitated protein, indicating that the two 
interacted. The interaction between Beclin-1 and PI3KC3 
in the PDGF-BB group was significantly stronger than that 
in the control, 3-MA, and 3-MA/PDGF-BB groups 
(Figure 8). The combination of the two decreased with 
the addition of 3-MA. These results demonstrated that 
PDGF-BB can induce interaction between Beclin-1 and 
PI3KC3, promoting oral mucosal FB autophagy, and that 
3-MA can reduce the autophagy intensity by inhibiting the 
proteins’ combination.

Discussion
Platelet-derived growth factor is a cytokine that promotes 
cell activation, division, and proliferation, and PDGF-BB 
is a common pro-fibrotic factor whose expression 
increases in fibrotic diseases and is closely related to 
OSF formation.8,9 Various physical, chemical, genetic, 
immune defense, and nutritional factors affect the occur
rence and development of OSF. However, the body is 
immune to the fibrosis caused by PDGF-BB through 
a series of mechanisms, among which autophagy plays 
an important role.

In this study, we provide strong evidence that PDGF- 
BB can induce autophagy in primary oral mucosal FBs. To 
start, we separated and purified primary oral mucosal FBs 
by the tissue block method combined with trypsin diges
tion. To identify primary oral mucosal FBs, we used 

Figure 8 Co-immunoprecipitation to detect the expression levels and interactions 
of Beclin-1 and PI3KC3 in the different groups. This figure shows the result of 
detecting PI3KC3 with anti-PI3KC3 antibody as the primary antibody; inorganic 
phosphorus precipitated the Beclin-1 protein. Here, 1, 2, 3, and 4 represent the 
PDGF-BB group, control group, PDGF-BB + 3-MA group, and 3-MA group, 
respectively.
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vimentin antibody. Vimentin is mainly expressed in inter
stitial cells.29 Oral mucosal FBs can express vimentin in 
cytoplasm, but epithelial cells cannot. Thus, the results 
proved that high-purity primary oral mucosal FBs were 
obtained.

To study the effect of PDGF-BB on the autophagy of 
oral mucosal FBs and their collagen synthesis and trans
formation, we used RT-qPCR, Western blotting, and IFA 
experiments to verify that PDGF-BB stimulates cells to 
trigger an obvious autophagy response. After PDGF-BB 
stimulation for 24 h, a significant increase in Beclin-1 and 
LC3 expression was detected by RT-qPCR and Western 
blotting, accompanied by an increase in Col-I and α-SMA 
expression. The protein expressions in PDGF-BB group 
were significantly stronger than those in the control group 
(P < 0.05). Moreover, the fluorescence of Beclin-1 and 
LC3 in the PDGF-BB group was significantly enhanced by 
IFA. The increase in the expression of the autophagy- 
related markers also indicated that the autophagy level 
was enhanced. Thus, these results revealed that PDGF- 
BB promoted the occurrence of primary oral mucosal FB 
fibrosis and enhanced the FBs’ autophagy level.

To select the best experimental PDGF-BB concentra
tion and best detection time point, we consulted the litera
ture and found that PDGF-BB can induce autophagy in 
human umbilical vein endothelial cells and that its inten
sity is significantly higher than that of PDGF-BB stimula
tion in the middle stage of stimulation (24 h) Early stage 
(6 h).30 In this experiment, to study the difference in the 
expressions of Beclin-1 and Col-I in primary oral mucosal 
FBs stimulated by different concentrations of PDGF-BB at 
different times, Western blotting was performed. The 
expressions of Col-I and Beclin-1 in the 40 ng/mL group 
were significantly increased. The expression of Col-I 
increased over time, while Beclin-1 first increased and 
then decreased with a certain time–dose correlation. 
Therefore, we use 40 ng/mL PDGF - BB to stimulate 
oral mucosa FBs 24 h. The results showed that in the 
early stage of PDGF-BB stimulation, the FBs’ demand 
for nutrients increased, so PDGF-BB induced autophagy 
to maintain the cells’ survival. The autophagy level 
reached a peak at 24 h; hence, related proteins were 
degraded, and the autophagy intensity gradually wea
kened. After 24 h, the cells gradually adapted to the 
environment, and the autophagy weakened further. It has 
been reported in the literature that autophagy is related to 
the pathophysiological process of many diseases, such as 
cancer, metabolic and neurodegenerative diseases, and 

cardiovascular and pulmonary diseases.31,32 Therefore, it 
is vital to study the role of autophagy in OSF. 
Overexpression of autophagy marker LC3 has been 
observed in the tissue samples of OSF patients, and 
many studies have shown that pro-fibrotic cytokines (IL- 
1, IL-6, TGF-β, PDGF, bFGF, and IGF) promote collagen 
synthesis.33 According to relevant literature reports, TGF- 
β stimulation of primary oral mucosal FBs can induce 
Beclin-1 and LC3 overexpression.15 Our research showed 
that PDGF-BB can induce autophagy of FBs in the oral 
mucosa and promote the synthesis of Col-I. Therefore, 
PDGF-BB-mediated increase of Beclin-1 and LC3 may 
be a potential molecular mechanism that promotes the 
development of fibrosis.

According to relevant literature reports, pathologically 
activated autophagy is associated with a variety of fibrotic 
diseases34–36 as well as with collagen release in OSF.37 

Therefore, we further studied the relationship between 
OSF and autophagy. After 3-MA intervention, the IFA 
results showed that the level of autophagy decreased, 
while the RT-qPCR and Western blotting results found 
that the expressions of Col-I and α-SMA were significantly 
reduced. When α-SMA increases, this means that FBs 
have transformed into MFBs, which can greatly enhance 
collagen synthesis, participate in wound reconstruction 
and aggravate organ fibrosis. These results indicated that 
3-MA can inhibit the autophagy of primary oral mucosal 
FBs induced by PDGF-BB, reducing the ability of PDGF- 
BB-stimulated oral mucosal FBs to synthesize collagen 
and slow the occurrence of fibrosis. We explored the effect 
of 3-MA on PDGF-BB-induced oral mucosal FB prolif
eration and migration and found that inhibiting autophagy 
weakened these processes. The results indicated that 
PDGF-BB promotes the proliferation and migration of 
primary oral mucosal FBs by inducing autophagy. The 
key role of autophagy in cell survival was confirmed in 
a study on Atg gene knockout mice. Mice lacking Atg3, 
Atg5, Atg7, Atg9, or Atg16L1 failed to induce autophagy 
due to starvation after the interruption of the placental 
nutrient supply and died on the day of birth.38,39 In short, 
autophagy is a complex process, and its mechanism 
remains to be elucidated. Our current research showed 
that inhibiting autophagy can reduce the expression of 
Col-I and weaken the proliferation and migration effects 
of PDGF-BB on oral mucosal FBs. Therefore, autophagy 
may mediate a mechanism of fibrosis.

The activation of the autophagy pathway and its effect on 
promoting fibrosis suggest that autophagy may be a potential 
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target of new anti-fibrotic methods. Beclin-1 plays an impor
tant role in autophagy regulation and is a BH3-only protein. 
Moreover, PI3K subtype PI3KC3 can phosphorylate the third- 
site protein of phosphatidylinositol in eukaryotes, thereby 
forming a complex with Beclin-1 (Beclin-1–PI3KC3) and 
promoting the occurrence of autophagy.27,28 Intracellular 
environment disorders, neurodegenerative diseases, aging, 
and tumors are related to loss of and abnormality in the 
structure and function of the Beclin-1–PI3KC3 complex.40 

Our previous study found that PDGF-BB can activate the 
PI3K pathway and its phosphorylation, indicating that this 
PI3K subtype may be combined with Beclin-1 to induce 
autophagy. Therefore, this study tested the interaction between 
Beclin-1 and PI3KC3 in each group through a Co- 
immunoprecipitation (Co-ip) experiment and found that 
PDGF-BB can induce autophagy through the interaction 
between them. The Co-ip results indicated that PDGF-BB 
activates PI3KC3, which forms a complex with Beclin-1 to 
promote autophagy to regulate the proliferation, migration, 
transformation, and collagen synthesis of oral mucosal FBs. 
In summary, these findings suggest that the interaction between 
autophagy and PDGF-BB is a key mechanism of OSF occur
rence and development and that inhibition of the autophagy 
pathway may provide a new method for preventing fibrosis.

In this study, we verified in vitro that PDGF-BB induces 
autophagy through the interaction of Beclin-1 and PI3KC3 
to regulate the biological behavior of oral mucosal FBs. 
However, autophagy is a complicated process where differ
ent pathway activation can lead to different biological effect. 
This study lacks in vivo animal experiments to further 
clarify the pathogenesis of PDGF-BB/ PiskC3 /Beclin-1 
axis in OSF. Therefore, our study results should be inter
preted carefully. To clearly understand the mechanism of 
autophagy in fibrotic diseases, a more comprehensive study 
of the process’s signaling pathways is needed.
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