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Abstract
Microfibrillar-associated protein 2 (MFAP2) is a small glycoprotein that is involved in vascular development and
metabolic disease. The present study aims to explore the regulatory role of MFAP2 in the development and pro-
gression of oral squamous cell carcinoma (OSCC), including the underlyingmechanisms. MFAP2 expression and its
association with the progression of OSCC are explored using bioinformatics. MFAP2 expression in OSCC tissues is
detected by immunohistochemical staining. SCC15 cell migration, invasion, apoptosis, proliferation, and viability
are detected by wound healing, Transwell, flow cytometry, colony formation, and cell counting kit-8 assays. An in
vivo experiment is used to detect tumor formation. Western blot analysis is used to determine MFAP2’s regulatory
role in autophagy and the Wnt/β-catenin signaling pathway. MFAP2 is highly expressed in SCC15 cells and OSCC
tissues, which correlates positively with the poor prognosis of patients with OSCCs. Functionally, MFAP2 promotes
oncogenic autophagy to increase cell invasion, migration, and proliferation but inhibits apoptosis in SCC15 cells
and promotes tumor growth in vivo. Mechanistically, MFAP2 upregulates autophagy andWnt/β-catenin signaling to
stimulate OSCC development. Intriguingly, regulation of Wnt/β-catenin signaling dependent on autophagy con-
tributes to the malignant behaviors of SCC15 cells. MFAP2 could serve as a novel biomarker for OSCC and could
affect OSCC tumorigenesis and development via autophagic regulation of Wnt/β-catenin signaling.
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Introduction
Oral squamous cell carcinoma (OSCC) is the most common
malignant tumors of the oral cavity, accounting for approximately
90% of oral malignancies [1]. High mortality and high recurrence
rates characterize OSCC, and its five-year overall survival (OS) rate
is low, contributing to many deaths annually [2]. Most patients with
OSCC die from postoperative recurrence caused by the high
invasion and metastatic abilities of OSCC cells. Although advances
in early diagnosis and combination treatment have significantly
improved the mortality rate of patients with OSCC, the five-year
survival rate for patients with OSCC remains low [3]. Thus, it is
necessary to further explore the molecular mechanisms of invasion
and metastasis in OSCC.

Microfibrillar-associated proteins (MFAPs) are extracellular
matrix (ECM) glycoproteins that play an important role in the

construction of microfibrils and tissue homeostasis. The MFAP
family comprises MFAP1, MFAP2, MFAP3, MFAP4, and MFAP5,
which are expressed in various human tissues and play diverse roles
in physiological and pathological conditions [4]. MFAP2, also
known as microfibril-associated glycoprotein 1 (MAGP1), is a small
glycoprotein located in microfibrils [5]. Previous studies have
indicated that MFAP2 is involved in vascular development and
metabolic disease [6]. Recent studies have indicated that MFAP2
plays a significant role in the progression of several tumors and thus
might lead to the development of potential biomarkers or novel
therapies for cancers [7,8]. Chen et al. [9] reported that melanoma
cell migration and invasion are inhibited by downregulating MFAP2
through regulation of the Wnt/β-catenin signaling pathway and
epithelial-mesenchymal transition (EMT). Wang et al. [10] sug-
gested that MFAP2 promotes EMT in gastric cancer (GC) via the
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transforming growth factor beta (TGF-β)/SMAD family member 2
(SMAD2)/SMAD3 signaling pathway. Currently, the role and
function of MFAP2 in OSCC are incompletely understood.

Autophagy plays a significant regulatory role in tumorigenesis
and is closely related to the occurrence and development of tumors.
In addition, the level and function of autophagy vary in different
cancers [11]. Therefore, autophagy promotes either cell survival or
cell death, and the regulation of autophagy is critical for
tumorigenesis and tumor development. Currently, the involvement
of MFAP2 in the autophagic development of OSCC is unknown. The
conserved Wnt signaling pathway is one of the core pathways
regulating tissue development and homeostasis [12]. Moreover, the
classical Wnt/β-catenin signaling pathway has a vital function in
the development of various tumors [13]. Furthermore, β-catenin
can regulate tumor epithelia and the tumor microenvironment,
making it an attractive therapeutic target in OSCC [14]. Recent
studies have indicated the presence of crosstalk between the Wnt/β-
catenin signaling pathway and autophagy in different stages of
cancer [15,16]. Abnormal Wnt signaling and autophagy disruption
contribute to the development and progression of various cancers
[17]. Chen et al. [18] observed that downregulation of Wnt/β-
catenin signaling inhibits autophagy, subsequently inhibiting
osteogenic differentiation, and that induction of autophagy posi-
tively regulates Wnt/β-catenin signaling. Turcios et al. [19] revealed
that disruption of autophagic flux inhibits Wnt/β-catenin signaling,
thereby suppressing hepatocellular carcinoma. However, the
relationship between autophagy, Wnt/β-catenin, and MFAP2 in
OSCC remains unclear.

Materials and Methods
Acquisition of data
MFAP2 gene expression data in 33 kinds of cancers were
downloaded from The Cancer Genome Atlas (TCGA) database.
Based on the data, R language (version 4.2.1) was used to carry out
pan-cancer and survival analyses. OSCC accounts for approximately
90% of head and neck squamous cell carcinoma (HNSCC) [20];
therefore, the bioinformatics data for HNSCC were used to represent
OSCC data in this study.

Eighteen tissue samples from patients with OSCC and six para-
cancerous tissues were provided by the Tianjin First Central
Hospital (Tianjin, China). The ethics committee of Tianjin Medical
University approved the collection and use of clinical samples
(Approval No. TMUhMEC20220818), which were carried out
following the tenets of the 1964 Declaration of Helsinki. Signed
informed consent was received from each patient.

Cell culture
SCC15, SCC25, and CAL27 cells were obtained from Procell Life
Science & Technology Co, Ltd. (Wuhan, China). High glucose
Dulbecco’s Modified Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin
(Procell Life Science &Technology Co, Ltd.) was used to culture the
cells at 37°C in a humidified incubator under 5% CO2.

Cell transfection
For knockdown of MFAP2, a small interfering (si)RNA targeting
MFAP2 (si-MFAP2, 5′-CCAUACACAGGCCUUGCAATT-3′ and 5′-UU
GCAAGGCCUGUGUAUGGTT-3′) and the corresponding negative
control (NC, 5′-UUCUCCGAACGUGUCACGUTT-3′ and 5′-ACGUGA

CACGUUCGGAGAATT-3′) were designed by Suzhou Genepharma
Co. Ltd (Suzhou, China). For MFAP2 overexpression, MFAP2
overexpression plasmid (pcDNA3.1(+), oeMFAP2) and control
vector were also purchased from Suzhou Genepharma Co. Ltd,
Suzhou, China.

One day before transfection, SCC15 cells (2×105 cells/well) were
seeded in 6-well plates and cultured to 50%–70% confluence.
Subsequently, siRNAs targeting MFAP2 or an MFAP2 overexpres-
sion plasmid was transfected into the cells separately using si-RNA-
Mate (Suzhou Genepharma Co. Ltd) following the manufacturer’s
protocol, with incubation at 37°C in a humidified incubator under
5% CO2. At 6 h after transfection, DMEM was used to replace the
transfection mixture. At 24 h after transfection, the transfected cells
could be employed in experiments.

Cell counting kit-8 (CCK8) assay
SCC15 cells (2×103 cells/mL) were added to the wells of 96-well
plates and incubated for 24 h before transfection. At 24 h after
transfection, 10 μL CCK8 reagent (Biosharp Life Science, Hefei,
China) was added to each well and incubated at 37°C for 1 h. The
viability of SCC15 cells in each well was detected by measuring the
absorbance at 450 nm. The results were analyzed using GraphPad
software (GraphPad Software, Inc., San Diego, USA).

Colony formation assay
Colony formation assay was performed to investigate cell prolifera-
tion. SCC15 cells (1000 cells) were seeded in a 60×15 mm dish with
DMEM (5 mL) after preparing single cell suspensions. Cells were
cultured for 14 days, followed by two times wash with phosphate-
buffered saline (PBS), and then fixed using 4% paraformaldehyde at
room temperature for 20 min. After two times wash with PBS, the
cells were stained with 0.1% hematoxylin for 30 min. After two
further washes with PBS, the colonies were photographed with a
digital camera and counted.

Flow cytometry analysis
SCC15 cells were digested using EDTA-free trypsin (Beyotime,
Nantong, China) at 24 h after transfection. Then, 5×105 cells were
resuspended in 1× Annexin binding buffer (1 mL), and 100 μL of
the cell suspension was added to a 1.5 mL conical tube containing
5 μL of fluorescein isothiocyanate (FITC) Annexin V and 5 μL of
propidium iodide (PI). The suspension was mixed gently and placed
in the dark for 10 min at room temperature. A BD Pharmingen™
FITC Annexin-V apoptosis detection kit (BD Biosciences, San Jose,
USA) was then used to detect apoptosis. A FACSCalibur flow
cytometer (BD Biosciences) was used to analyze the binding of FITC
Annexin V and PI to the cells using Cell Quest software.

Wound healing and Transwell assays
SCC15 cells (2×105 cells/mL) were added to the wells of a 6-well
plate and grown for 24 h until the cells showed confluent growth.
The confluent cell layer was then scratched using a 200-μL pipette
tip. The wound was photographed under a microscope after the
scratch was made and after 24 h and 48 h of incubation in serum-
free medium (2 mL/well) at 37°C to calculate wound healing.

At 24 h after transfection, SCC15 cells (1×105 cells/mL) in 200 μL
of serum-free DMEM were placed in the upper chamber of a
Transwell apparatus. Then, 600 μL of complete medium was added
to the lower chamber. The Transwell chambers were incubated for
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48 h, after which the non-migrated cells were carefully removed,
and the invaded cells were fixed using 4% formaldehyde for 10 min,
followed by staining with 0.1% hematoxylin for 30 min. The
invaded cells were photographed under a microscope at 48 h. Leica
Application Suite X (LAS X) software (Leica, Wetzlar, Germany)
was used to process the images, and ImageJ (NIH, Bethesda, USA)
was used to carry out the quantitative analysis.

Immunohistochemistry (IHC)
Previously prepared sections were subjected to xylene dewaxing
and ethanol rehydration, washed with PBS, and then blocked with
5% bovine serum albumin (BSA) at room temperature for 30 min.
After washing, primary antibodies against MFAP2 (1:450,
ab231344; Abcam, Cambridge, UK) were added to the sections
and incubated overnight at 4°C. The next day, the sections were
stained using a Universal two-step assay kit (mouse/rabbit
reinforced polymer assay system; Zhong Shan Jin Qiao, Beijing,
China). Images were processed using Leica Application Suite X (LAS
X) software.

Immunofluorescence assay
At 48 h after transfection, the SCC15 cells were blocked with goat
serum for 2 h at room temperature, incubated in primary antibody
(anti-LC3B monoclonal antibodies, 1:200, ET1701-65; Huabio,
Hangzhou, China) overnight at 4°C, and then with FITC-conjugated
secondary antibody (dilution: 1:1000; Beyotime Institute of Bio-
technology, Shanghai, China) for 1 h at room temperature.
Subsequently, 4′,6-diamidino-2-phenylindole (DAPI; Beyotime)
was utilized to label the nuclei. Immunofluorescence images were
acquired by confocal microscopy and Zen software (Carl Zeiss,
Oberkochen, Germany). Quantitative analysis was performed using
ImageJ software.

Transmission electron microscopy
At 48 h after transfection, the culture medium was discarded, and
the SCC15 cells were fixed with electron microscope fixing solution
(G1102; Wuhan Google Biotechnology, Wuhan, China) for 2–4 h
and then wrapped in 1% agarose. After washing with 0.1 M
phosphate buffer (PB, pH 7.4), the cells were fixed with 1% osmium
for 2 h at room temperature. The cells were dehydrated with graded
acetone, permeated with epoxy resin, embedded, sectioned, and
stained with uranyl acetate and lead citrate. The sections were
examined using an HT770 transmission electron microscope
(Hitachi, Tokyo, Japan) at an accelerating voltage of 80 kV to
observe autophagosomes and autolysosomes.

Quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR)
The TRIzol reagent (Life Technologies, Carlsbad, USA) was used to
extract cellular RNA, which was then reverse-transcribed into cDNA
using a reverse transcription kit (Takara, Shiga, Japan). The
quantitative real-time PCR (qPCR) was performed on a CFX96™
Optics Module system using iQ™ SYBR® Green Supermix (Bio-Rad,
Hercules, USA). Primers were designed using the National Center
for Biotechnology Information (NCBI) Primer Blast. The sequences
are as follows: MFAP2 Forward 5′-TCTTCCTGCTATTCCTGCCTG-3′,
Reverse 5′-AGTCTGGGTTGTCGATCTGG-3′; ATCB Forward 5′-TCA
CCATGGATGATGATATCGC-3′, Reverse 5′-ATAGGAATCCTTCT
GACCCATGC-3′. The mRNA expressions were calculated using

the 2‒ΔΔCT method. The expression of the housekeeping gene ATCB
(encoding β-actin) was detected as the reference control.

Western blot analysis
Total proteins in SCC15 cells at 48 h after transfection and animal
tissues were lysed on ice using radioimmunoprecipitation assay
lysis buffer (Solarbio, Beijing, China), followed by centrifugation at
13,800 g at 4°C for 10 min to obtain total proteins. The protein
concentration in the supernatant was determined using a BCA
protein assay kit (Solarbio). Next, loading buffer (Biosharp Life
Science) was added to the protein sample and boiled for 10 min to
denature and depolymerize the proteins. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis was applied to separate equal
amounts of protein samples on 4%–12% pre-cast gradient gels
(M41212C; GenScript, Piscataway, USA) before being transferred
electrophoretically onto an immobilon-P transfer membrane (Merck
Millipore Ltd., Carrigtwohill, Ireland). After block for 2 h at room
temperature using 5% non-fat milk, the membranes were incubated
with primary antibodies at 4°C overnight. The primary antibodies
are as follows: anti-MFAP2 polyclonal antibody (1:1000; Abcam),
anti-Bax polyclonal antibody (1:1000; Cell Signaling Technology,
Danvers, USA), anti-Bcl-2 polyclonal antibody (1:1000; Wuhan
Sanying Biotechnology, Wuhan, China), anti-LC3B monoclonal
antibody (1:1000; Huabio, Hangzhou, China), anti-P62 monoclonal
antibody (1:1000; Abcam), anti-Beclin 1 monoclonal antibody
(1:1000; Abcam), anti-Atg5 monoclonal antibody (1:1000; Abcam),
anti-Atg7 monoclonal antibody (1:1000; Abcam), anti-β-catenin
polyclonal antibody (1:2000; Wuhan Sanying Biotechnology), anti-
MMP9 monoclonal antibody (1:1000; Abcam), anti-c-Myc poly-
clonal antibody (1:1000; Wuhan Sanying Biotechnology), anti-
Cyclin D1 antibody (1:2000; Wuhan Sanying Biotechnology), anti-
Survivin monoclonal antibody (1:1000; Cell Signaling Technology),
anti-Lamin B1 polyclonal antibody (1:1000; Wuhan Sanying
Biotechnology), and anti-GAPDH polyclonal antibody (1:10,000;
Bioworld, Minneapolis, USA). The next day, the membranes were
further incubated with secondary antibodies comprising goat anti-
rabbit IgG (H+L) (1:10,000; Bioworld) at room temperature for 1 h.
An Amersham imager 680 (GE, Boston, USA) was used to visualize
the immunoreactive protein bands. Quantitative analysis was
performed using ImageJ software.

Animal experiments
Four-week-old female BALB/C nude mice (Beijing Weitong Lihua
Biotechnology Co., Ltd, Beijing, China) were randomly divided into
three groups and treated with MFAP2-knockdown cells (stably
transfected with sh-MFAP2 lentiviral transduction particles),
negative control cells (stably transfected with sh-NC lentiviral
transduction particles) (Shanghai Jikai Gene Chemical Technology
Co., Ltd, Shanghai, China), or untreated control cells. A total of
1×106 cells suspended in 200 μL PBS were then injected into the
right subaxillary region of the mice. The size of the tumors was
measured with digital callipers every three days, and the tumor
volume (length×width2/2) was calculated. The animal experi-
ments were approved by the Experimental Animal Ethics Commit-
tee of Tianjin Institute of Environmental and Operational Medicine
(Approval No: 04-2022-041).

Statistical analysis
All statistical analyses were carried out using SPSS statistics version
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25.0 (IBM Corp., Armonk, USA). The Shapiro-Wilk normality test
was used to test the normality of the data. For two-group
comparisons, Student’s t-test was adopted, while for comparisons
of more than two groups, one-way ANOVA was used. The statistical
significance threshold was set at P<0.05.

Results
The expression and prognostic value of MFAP2 in OSCC
The TCGA database was used to investigate the differential
transcription of MFAP2 in various cancers and in normal tissues.
MFAP2 expression was markedly upregulated in several cancers
(Figure 1A). To determine MFAP2 expression in OSCC, data for
patients with HNSCC from the TCGA database were acquired, and a
volcano plot was generated, which showed that MFAP2 expression
was upregulated in HNSCC (Figure 1B). Higher MFAP2 expression
was detected in HNSCC compared with that in normal tissue
(P<0.05, Figure 1C). To further verify MFAP2 expression in OSCC,
the protein expression of MFAP2 was detected by IHC in 6 para-
cancerous tissues and 18 OSCC samples. The IHC images revealed
that MFAP2 protein expression was low in para-cancerous tissues

but high in OSCC tissues (Figure 1D). To determine the impact of
MFAP2 expression on the prognosis of patients with OSCC, the
TCGA database was used. This analysis revealed that higher MFAP2
expression was significantly associated with lower overall survival
(P<0.05, Figure 1E). Subsequently, qRT‒PCR and western blot
analysis were used to detect the mRNA and protein expression
levels of MFAP2 in OSCC cell lines (SCC15, SCC25, and CAL27).
SCC15 cells exhibited relatively higher MFAP2 mRNA and protein
expression levels (Figure 1F,G).

Effects of MFAP2 expression on the viability,
proliferation, apoptosis, migration and invasion of OSCC
To explore the biological function of MFAP2 in OSCC, MFAP2 was
knocked down or overexpressed in SCC15 cells. First, the
transfection efficiency of si-MFAP2 and oe-MFAP2 was verified
using western blotting and qRT-PCR (Figure 2A and Supplementary
Figure S1). To explore the effect of MFAP2 on SCC15 cell viability
and proliferation, CCK8 and colony formation assays were
performed. The results showed a significant reduction in the
viability and proliferation of SCC15 cells after MFAP2 knockdown

Figure 1. MFAP2 expression is upregulated in OSCC and correlates with poor prognosis of patients with OSCC (A) The mRNA expression levels
ofMFAP2 in multiple cancers. (B) A volcano plot showing high expression ofMFAP2 in HNSCC (n=566, P<0.05). (C) A box plot showing the mRNA
expression levels ofMFAP2 in HNSCC. HNSCC samples are outlined in red, while normal samples are outlined in black. Data are presented as the
mean±standard deviation *P<0.05. (D) Immunohistochemistry images showing high levels of MFAP2 in OSCC tissues (n=18, P<0.05). (E) The
overall survival curve plot of patients with HNSCC with low and high mRNA expression ofMFAP2 (TCGA database). (F)MFAP2mRNA expression
in three OSCC lines. (G) The protein level of MFAP2 in three OSCC lines. The band intensity was quantified using ImageJ (n=3 per group).

1448 MFAP2 and autophagy-induced OSCC progression

Zhang et al. Acta Biochim Biophys Sin 2023

https://www.sciengine.com/doi/10.3724/abbs.2023079
https://www.sciengine.com/doi/10.3724/abbs.2023079


via si-RNA. To further assess MFAP2’s influence on SCC15 cell
viability and proliferation, the cells were transfected with the
MFAP2 overexpression plasmid. MFAP2 overexpression had the
opposite results to those of the si-MFAP2 group. Thus, MFAP2 has a
positive role in regulating OSCC cell viability and proliferation
(Figure 2B,C). Subsequently, flow cytometry was used to assess the
effect of MFAP2 on SCC15 cell apoptosis. The apoptosis rate
increased significantly in the si-MFAP2 group, while overexpression
of MFAP2 did not affect the apoptosis rate in SCC15 cells. These
results confirmed that knockdown of MFAP2 promotes apoptosis in
OSCC (Figure 2D). Additionally, the effects of MFAP2 knockdown
and overexpression on SCC15 cell migration and invasion were
further assessed using wound healing and Transwell assays,
respectively. Compared with that in the control and si-NC groups,
the migration rate of SCC15 cells in the si-MFAP2 group was
significantly decreased (P<0.05, Figure 2E). The oe-MFAP2 group
showed increased migratory capability compared with the control
and oe-NC groups (P<0.05). Compared with that in the control and
si-NC groups, the invasion rate of the SCC15 cells in the si-MFAP2
group was significantly decreased (P<0.05). The oe-MFAP2 group
showed increased invasive capability compared with the control
and oe-NC groups (P<0.05, Figure 2F). Based on these results, the
high expression of MFAP2 might enhance the migrative and
invasive abilities of OSCC.

MFAP2’s impact on OSCC biological behavior by
regulating autophagy
The occurrence and development of tumors are closely associated
with autophagy. To explore whether autophagy is involved in the
effect of MFAP2 on SCC15 cells, western blotting was used to
determine the effects of MFAP2 silencing and overexpression on the
levels of autophagy-related proteins. After downregulating MFAP2
expression, the protein levels of Atg7, Atg5, LC3B, and Beclin-1
were significantly decreased, while the protein level of P62 was
significantly increased compared with those in the control and si-

NC groups. In the oe-MFAP2 group, the protein levels of Atg7, Atg5,
LC3B, and Beclin-1 were significantly increased, while the protein
level of P62 was significantly decreased compared with those in the
control and oe-NC groups. In addition, to clarify the underlying
mechanism of MFAP2-induced cell apoptosis, the levels of
apoptosis-related proteins (Bax and Bcl-2) were detected using
western blotting. Bax was upregulated, while Bcl-2 was down-
regulated, in the si-MFAP2 group compared with that in the control
and si-NC groups. The opposite results were obtained after
overexpressing MFAP2 in SCC15 cells (Figure 3A). In addition,
immunofluorescence revealed that LC3B immunofluorescence
intensity was significantly decreased in the si-MFAP2 group
compared with the control and si-NC groups. LC3B immunofluor-
escence intensity was significantly increased in the oe-MFAP2
group compared with the control and oe-NC groups (P<0.05,
Figure 3B). In the later stage of autophagy, autophagosomes and
lysosomes form autolysosomes, where autophagosomal-seques-
tered cargo is degraded by lysosomes. The autophagosomes
observed by electron microscopy were very limited, while some
autolysosomes were observed. The autolysosomes could represent
the autophagic level; therefore, we marked autolysosomes. The
number of autolysosomes was decreased in the si-MFAP2 group
compared with the control and si-NC groups (Figure 3C). The
number of autolysosomes was increased in the oe-MFAP2 group
compared with the control and oe-NC groups (Figure 3D).

To further explore the correlation between MFAP2 and autop-
hagy, SCC15 cells were cultured with rapamycin (100 nM/mL;
MCE, Monmouth junction, USA). The viability and proliferation of
SCC15 cells were significantly increased in the si-MFAP2 group after
treatment with rapamycin, as detected by CCK8 and colony
formation assays (Figure 4A,B). In addition, SCC15 cell apoptosis
decreased significantly in the siMFAP2+rapamycin group com-
pared with that in the si-MFAP2 group, as assessed by flow
cytometry (Figure 4C). Moreover, the migration (wound healing)
and invasion (Transwell assays) abilities of MFAP2-knockdown

Figure 2. Effects of MFAP2 expression on SCC15 cell viability, proliferation, apoptosis, migration, and invasion (A) Efficiency of MFAP2
knockdown and overexpression in SCC15 cells, as confirmed western blotlting. The band intensity was quantified using ImageJ (n=3 per group)
*P<0.05 compared with the control. (B) Viability of SCC15 cells with MFAP2 knockdown or overexpression (n=3 per group), *P<0.05 compared
with the control. (C) Proliferation of SCC15 cells with MFAP2 knockdown or overexpression. (D) Apoptosis of SCC15 cells with MFAP2 knockdown
or overexpression. (E) Migration of SCC15 cells withMFAP2 knockdown or overexpression (n=10 per group), *P<0.05 compared with the control.
(F) Invasion of SCC15 cells with MFAP2 knockdown or overexpression (n=10 per group). *P<0.05 compared with the control.
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SCC15 cells were increased after treatment with rapamycin (Figure
4D,E).

The potential mechanism of this phenomenon was further
explored by determining the levels of autophagy- and apoptotic
pathway-related proteins using western blotting. The protein levels
of Atg7, Atg5, LC3B, and Beclin-1 increased significantly, while that
of P62 decreased significantly in the si-MFAP2+Rapamycin group
compared with those in the si-MFAP2 group. In parallel, Bax protein
levels decreased significantly, while Bcl-2 levels increased signifi-
cantly in the si-MFAP2+Rapamycin group compared with the si-
MFAP2 group (Figure 4F). In summary, Rapamycin can activate
autophagy and reverse the effect of si-MFAP2 on SCC15 cells. Thus,
we inferred that MFAP2 can affect the biological behavior of OSCC
by regulating autophagy. In addition, recent studies have reported
that autophagy has a vital function during cancer development and
interacts with components of the Wnt/β-catenin signaling pathway
[21,22]. We first determined the levels of Wnt/β-catenin signaling
pathway-related proteins after transfection with si-MFAP2. The
results indicated that β-catenin, MMP9, c-Myc, Cyclin D1, and
Survivin levels were significantly downregulated after MFAP2
silencing in SCC15 cells. Silencing MFAP2 could inhibit autophagy
in OSCC; therefore, we inferred that inhibition of autophagy might
suppress Wnt/β-catenin signaling. After treatment with rapamycin,
the β-catenin, MMP9, c-Myc, Cyclin D1, and Survivin levels were
significantly upregulated in MFAP2-silenced SCC15 cells. The
results indicated that in OSCC, the activation of autophagy might

upregulate β-catenin levels and its downstream molecules in the
Wnt/β-catenin signaling pathway (Figure 4G).

MFAP2 affects the biological behavior of OSCC cells via
Wnt/β-catenin signaling pathway regulation
To further determine whether MFAP2 affects Wnt/β-catenin
signaling, we performed western blotting analysis. The level of β-
catenin, a core factor in Wnt/β-catenin signaling, was significantly
downregulated in MFAP2-knockdown cells. Furthermore, the
protein levels of downstream molecules of β-catenin, including
MMP9, c-Myc, Cyclin D1, and Survivin, were significantly down-
regulated in the si-MFAP2 group compared with those in the control
and si-NC groups. In contrast, MFAP2 overexpression increased β-
catenin level, which suggested that MFAP2 might regulate β-catenin
expression at the transcriptional level. The protein levels of MMP9,
c-Myc, Cyclin D1, and Survivin were significantly upregulated in
MFAP2-overexpressing cells (Figure 5A).

To further explore the correlation between MFAP2 and the Wnt/
β-catenin signaling pathway, SCC15 cells were cultured with a
GSK3β inhibitor (6 μM/mL, CHIR99021; Selleck, Houston, USA).
CCK8 and colony formation assays demonstrated that CHIR99021
significantly increased SCC15 cell in the si-MFAP2+CHIR99021
group compared with the si-MFAP2 group (Figure 5B,C). Subse-
quent flow cytometry analysis showed that CHIR99021 significantly
decreased the apoptosis of SCC15 cells in the si-MFAP2
+CHIR99021 group compared with that in the si-MFAP2 group

Figure 3. The effect of MFAP2 on autophagy (A) The autophagy- and apoptosis-related protein levels in SCC15 cells with knockdown or
overexpression of MFAP2. The band intensity was quantified using ImageJ (n=3 per group), *P<0.05 compared with the control. (B)
Representative LC3B immunofluorescence staining and LC3B intensity (n=6 per group), *P<0.05 compared with the control. (C,D) Representative
autolysosomes in SCC15 cells with knockdown or overexpression of MFAP2 (N: Nucleus; Nu: Nucleolus; M: Mitochondria; RER: Rough
endoplasmic reticulum; ASS: Autolysosome; AP: Autophagosome; LP: Lipid droplet; GO: Golgi).
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(Figure 5D). Moreover, the migratory and invasive abilities of
MFAP2-knockdown SCC15 cells were increased by CHIR99021 via
Wnt/β-catenin signaling activation. These results suggested that
migratory and invasive abilities of MFAP2-knockdown SCC15 cells
were increased after treatment with CHIR99021 (Figure 5E,F).

To further probe the mechanism of this increase, the levels of
Wnt/β-catenin signaling and apoptotic pathway-related proteins
were assessed by western blotting. The results showed that the
levels of β-catenin, MMP9, c-Myc, Cyclin D1, and Survivin were
significantly upregulated in the si-MFAP2+CHIR99021 group
compared with those in the si-MFAP2 group. Furthermore, Bax
level were significantly downregulated, while Bcl-2 levels were
significantly upregulated, in MFAP2-knockdown SCC15 cells
treated with CHIR99021 (Figure 5G). Taken together, CHIR99021
activates Wnt/β-catenin signaling and reverses the effect of si-
MFAP2 on SCC15 cells. Therefore, MFAP2 expression is involved in
the progression of OSCC in a Wnt/β-catenin-dependent manner. To
detect whether the Wnt/β-catenin pathway can regulate autophagy,
the protein levels of autophagy-related factors in SCC15 cells treated
with CHIR99021 were assessed using western blotting. After
treatment with CHIR99021, the Atg7, Atg5, Beclin-1, P62, and

LC3B levels did not show significant changes compared with the si-
MFAP2 group. The results further indicated that MFAP2 could
regulate the Wnt/β-catenin signaling pathway through autophagy
(Figure 5H).

Downregulated MFAP2 inhibits tumor growth in OSCC
in vivo
The xenograft tumor model was established to explore the effects of
MFAP2 protein expression level on tumor growth of OSCC in vivo.
Compared with that in the control and sh-NC groups, the tumor
volume in the sh-MFAP2 group was significantly decreased
(P<0.05; Figure 6A–C). The tumor weight in the sh-MFAP2 group
was significantly decreased compared with that in the control and
sh-NC groups (P<0.05; Figure 6D). Western blotting results
indicated that the protein levels of Atg7, Atg5, LC3B, Beclin-1, β-
catenin, c-Myc, and Cyclin D1 were significantly downregulated in
the sh-MFAP2 group compared with the control and sh-NC groups
(Figure 6E), which was consistent with the in vitro results.

Discussion
Research indicates that MFAP2 is associated with several cancers,

Figure 4. MFAP2’s impact on the viability, proliferation, apoptosis, migration, and invasion of OSCC by inhibiting autophagy (A) Viability of
SCC15 cells after MFAP2 knockdown and adding rapamycin (n=3 per group), *P<0.05 compared with the control. (B) Proliferation of SCC15 cells
after MFAP2 knockdown and the addition of rapamycin. (C) Apoptosis of SCC15 cells after MFAP2 knockdown and the addition of rapamycin. (D)
Migration of SCC15 cells after MFAP2 knockdown and the addition of rapamycin (n=10 per group), *P<0.05 compared with the control. (E)
Invasion of SCC15 cells after MFAP2 knockdown and the addition of rapamycin (n=10 per group), *P<0.05 compared with the control. (F) The
autophagy-related protein levels in SCC15 cells after MFAP2 knockdown and the addition of rapamycin. The band intensity was quantified using
ImageJ (n=3 per group), *P<0.05 compared with the control. (G) The protein levels of β-catenin and its related downstream proteins in SCC15
cells afterMFAP2 knockdown and rapamycin treatment. The band intensity was quantified using ImageJ (n=3 per group), *P<0.05 compared with
the control.
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suggesting that MFAP2 could be an important prognostic biomarker
and target for cancer immunotherapy [7]. Segura et al. [23]
suggested that MFAP2 expression is downregulated in patients
with colon cancer and obesity and could be involved in changes in
ECM remodeling, resulting in the development of obesity-associated
colon cancer. Sun et al. [24] performed bioinformatics analysis and
revealed that MFAP2 could be a novel diagnostic and prognostic
biomarker in patients with GC. Yao et al. [25] reported MFAP2
overexpression in GC and noted that downregulation of MFAP2
could inhibit the motility of GC via the MFAP2/integrin α5β1/focal
adhesion kinase (FAK)/extracellular regulated protein kinase (ERK)
pathway. However, there has been little research on MFAP2 in
OSCC. To determine whether there is a biological relationship
between MFAP2 and OSCC progression, we used bioinformatics
analysis followed by experimental verification in this study. We

detected high MFAP2 mRNA and protein expression in OSCC,
which might be associated with OSCC development. In addition,
knockdown of MFAP2 inhibited proliferation, migration, and
invasion and promoted apoptosis in SCC15 cells, while MFAP2
overexpression had the opposite effect. Furthermore, there were
significant differences in OS between the low- and high-MFAP2
expression groups, which indicated that high MFAP2 expression
would have a significant effect on OSCC prognosis. In addition,
MFAP2 protein downregulation inhibited the xenograft growth of
OSCC in vivo. These results suggest that MFAP2 exerts a positive
regulatory effect on OSCC tumorigenesis and metastasis.

Furthermore, we revealed that MFAP2 positively regulates
autophagy in OSCC. Accumulating evidence indicates that autop-
hagy, a mechanism that maintains cellular homeostasis, has a vital
function in the formation, development, and treatment of cancers

Figure 5. MFAP2’s impact on viability, proliferation, apoptosis, migration, and invasion of OSCC via regulation of Wnt/β-catenin signaling (A)
The β-catenin and relevant downstream protein levels in SCC15 cells after knockdown or overexpression of MFAP2. The band intensity was
quantified using ImageJ (n=3 per group), *P<0.05 compared with the control. (B) Viability of SCC15 cells after MFAP2 knockdown and the
addition of CHIR99021 (n=3 per group), *P<0.05 compared with the control. (C) Proliferation of SCC15 cells after MFAP2 knockdown and the
addition of CHIR99021. (D) Apoptosis of SCC15 cells after MFAP2 knockdown and the addition of CHIR99021. (E) Migration of SCC15 cells after
MFAP2 knockdown and addition of CHIR99021 (n=10 per group), *P<0.05 compared with the control. (F) Invasion of SCC15 cells after MFAP2
knockdown and the addition of CHIR99021 (n=10 per group), *P<0.05 compared with the control. (G) The β-catenin and relevant downstream
protein levels in SCC15 cells after MFAP2 knockdown and addition of CHIR99021. The band intensity was quantified using ImageJ (n=3 per group),
*P<0.05 compared with Control. (H) The autophagy-related protein levels in SCC15 cells after MFAP2 knockdown and the addition of CHIR99021.
The band intensity was quantified using ImageJ (n=3 per group), *P<0.05 compared with the control.
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[26,27]. Marsh et al. [28]suggested that genetic autophagy inhibits
primary tumor growth and metastasis in breast cancer by regulating
the autophagy cargo receptor NBR1. Peng et al. [29] argued that
circular RNA CUL2 might inhibit the development of gastric cancer
and regulate cisplatin sensitivity via autophagy activation through
the miR-142-3p/Rho associated coiled-coil containing protein
kinase 2 (ROCK2) axis. Moreover, it has been confirmed that
autophagy is closely related to OSCC [30]. The results of the present
study indicated that MFAP2 knockdown suppressed autophagy,
while overexpression of MFAP2 induced autophagy in SCC15 cells,
suggesting an oncogenic role of excessive autophagy in OSCC. To
further verify the relationship between MFAP2 and autophagy in
SCC15 cells, we carried out rescue assays. The results indicated that

rapamycin could activate autophagy and counteract the effect of
silencing MFAP2 in SCC15 cells. Importantly, MFAP2 knockdown
disrupted autophagy in OSCC, suggesting that OSCC progression is
regulated via MFAP2-induced autophagy.

Similarly, we discovered that MFAP2 positively regulates Wnt/β-
catenin signaling in OSCC. The Wnt/β-catenin signaling pathway
has an essential function in cell proliferation and metastasis
regulation [31,32]. Abnormal activation of Wnt/β-catenin signaling
leads to the occurrence and development of several types of cancers
[33,34]. In this study, MFAP2 knockdown inhibited the Wnt/β-
catenin signaling pathway, while MFAP2 overexpression had the
opposite effect. The cells treated with CHIR99021 showed restored
malignant biological behavior, which was attenuated by MFAP2

Figure 6. MFAP2 knockdown inhibits OSCC tumor growth in vivo (A,B) Female BALB/C nude mice and xenografts at 21 days after subcutaneous
injection. (C,D) Statistical analysis of tumor volume and weight after subcutaneous injection. (E) The protein expression levels of relevant factors of
autophagy and the Wnt/β-catenin pathway. The band intensity was quantified using ImageJ (n=3 per group), *P<0.05 compared with the control.
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knockdown. From this, we could infer that MFAP2 regulates
tumorigenesis and the development of OSCC in a manner
dependent on Wnt/β-catenin signaling. In addition, MFAP2 knock-
down inhibited the protein expressions of relevant factors of
autophagy and the Wnt/β-catenin signaling pathway in vivo. Taken
together, MFAP2 could regulate autophagy and the Wnt/β-catenin
signaling pathway in vitroand in vivo.

The autophagic mechanism and its crosstalk with Wnt/β-catenin
signaling are critical for cellular homeostasis and adaptation to
complex environmental conditions. Both autophagy and Wnt/β-
catenin signaling pathways are involved in cell development,
embryogenesis, differentiation, and tumorigenesis [35]. Ma et al.
[36] reported that autophagy and Wnt/β-catenin signaling path-
ways are upregulated in hepatic progenitor cells (HPCs), which may
result in hepatic differentiation of HPCs, and downregulated
autophagy can inhibit the Wnt/β-catenin signaling pathway. Chen
et al. [37] demonstrated that rapamycin-mediated autophagy can
inhibit GSK3β, thereby increasing β-catenin expression, which can
promote neural differentiation and alleviate Alzheimer’s disease
symptoms. In this study, we verified that MFAP2 can positively
regulate autophagy to promote the viability, proliferation, invasion,
and migration of OSCC. Likewise, a similar effect was detected after
activating the Wnt/β-catenin signaling pathway by upregulating
MFAP2. Therefore, our results suggested that both autophagy and
Wnt/β-catenin signaling are involved in OSCC development.
Moreover, rapamycin reversed the effects of downregulating the
Wnt/β-catenin signaling pathway by downregulating MFAP2. Thus,
we determined that Wnt/β-catenin signaling mediates MFAP2’s
contribution to cell proliferation and metastasis via MFAP2-
modulated autophagy in OSCCC. Taken together, MFAP2 serves
as a positive regulator of both autophagy and Wnt/β-catenin
signaling in OSCC. Importantly, MFAP2 can influence OSCC
progression by regulating Wnt/β-catenin signaling via autophagy
(Figure 7). Until now, studies on the relationship between MFAP2
and autophagy have been very limited, which is one of the
motivations for this study. In this study, we confirmed that MFAP2
could affect OSCC by regulating autophagy. Although the exact
mechanisms by which MFAP2 regulates autophagy remain un-
known, a potential mechanism could be proposed. We performed
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis based
on the TCGA dataset, and the results indicated that MFAP2 might be

associated with the mTOR signaling pathway and regulate
autophagy (Supplementary Figure S2). Further molecular mechan-
isms should be investigated.

In conclusion, MFAP2 was verified to be upregulated in OSCC
tissues and cells, and it was implicated in SCC15 cell malignant
behavior, including proliferation, apoptosis, migration, and inva-
sion. Importantly, MFAP2 could serve as a positive regulator of
autophagy and Wnt/β-catenin signaling, through which it promotes
OSCC tumorigenesis and development. MFAP2 could serve as a
novel biomarker and therapeutic target in OSCC.
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Supplementary data is available at Acta Biochimica et Biophysica
Sinica online.
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