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Decorin exhibits inhibitory effects in tumorigenesis in various types of cancers. The clinical
characteristics of 42 patients with GBM were reviewed and analyzed. Lentiviral constructs
for decorin overexpression and shRNA-mediated silencing were established for U87MG
cells and T98G cells, respectively. The expressions of EMT- and autophagy-associated
markers were detected in GBM cell lines. The migration and invasion of the glioma cells
were assayed to reflect the malignant behavior of GBM. A mouse xenograft model
was used to verify the effect of decorin on autophagy in vivo. Reduced expression of
decorin in glioma tissues was associated with a poor survival of the patients. Decorin
overexpression suppressed cell migration, invasion and attenuated EMT phenotype in
glioma cell lines. Further study indicated that decorin inhibited EMT phenotype through the
induction of autophagy. The mechanisms include inhibiting the activation of c-Met/Akt/
mTOR signaling and regulating the expressions of mesenchymal markers including Slug,
vimentin and Twist, and epithelial marker E-cadherin. In addition, decorin overexpression
in a mice model can also suppress the GBM invasion and EMT phenotype. In conclusion,
decorin suppresses invasion and EMT phenotype of glioma by inducing autophagy via
c-Met/Akt/mTOR axis.

Keywords: glioblastoma multiforme, decorin, extracellular matrix, epithelial to mesenchymal transition, autophagy
INTRODUCTION

Glioblastoma multiforme (GBM) is one of the deadliest malignant tumors that occurs in the central
nervous system (1). Poor prognosis is commonly found in the GBM patients due to the high
invasiveness and resistant to current treatments (2). The epithelial to mesenchymal transition
(EMT), a crucial biological process associated with embryonic and post-natal development, has also
been reported to regulate tumor aggressive invasion and metastasis in multiple tumors (3, 4),
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including gliomas (5, 6). In GBM, multiple EMT activators
including ZEB1 could induce glioma cells to acquire
pseudopodia and higher invasive ability, which are special
features of the mesenchymal cells (7). Furthermore, EMT may
also initiate the dedifferentiation of the cells, allowing the cells to
obtain malignant characteristics including tumor invasive ability
and multidrug resistance (8, 9).

Autophagy is an evolutionary conserved homeostatic
mechanism via degrading misfolded proteins and damaged
organelles (10), and dysfunction of autophagy is related to
several pathological conditions including cancer occurrence.
Autophagy is shown to play double effects on cancer by either
inhibiting tumorigenesis via protecting the genomic integrity or
facilitating tumor growth under metabolic stress and promoting
tumor aggressiveness (11). Therefore, the role of autophagy in
tumor initiation and progression remains to be further
elucidated. Current evidence has indicated that autophagy
could maintain cells survival, but an unrestrained autophagy
may lead to cell death (12, 13). However, the exact effects of
autophagy on the EMT in GBM remain unknown.

Invasion and development of the GBM are promoted by
remodeling and degradation of the extracellular matrix (ECM)
surrounding the tumor (14). ECM of the central nervous system
is composed of a higher content of proteoglycans including
tenascin-C and decorin and glycosaminoglycans such as
hyaluronic acid (2). These macromolecule components
orchestrate the biological behavior of the GBM cells by
modulating multiple cellular regulatory signals from the
microenvironment of the tumors. Decorin, one of the most
intensely studied small leucine-rich proteoglycans (SLRPs),
exhibits diverse functions in a variety of pathophysiological
processes, such as collagen fibrillogenesis (15, 16), wound
healing (17), cell apoptosis, and angiogenesis (18, 19). Decorin
is found to exhibit inhibitory effects in tumorigenesis in various
types of cancers (20). Current evidence indicates that decorin
plays role in tumor cell cycle arrest and cell apoptosis through
epidermal growth factor receptor (EGFR) pathway, and decorin
also inhibits tumor angiogenesis after formation of a
heterodimeric complex with its key receptor Met (21).

In this study, we investigated the role of decorin in autophagy
and EMT in GBM, and revealed a molecular mechanism of its
inhibitory effects on the malignant behavior of GBM.
MATERIALS AND METHODS

Clinical Specimens and Characteristics
A total of 42 patients with GBM who had received both surgery
and chemoradiotherapy were included. The patients were 23
male and 19 female, with a median age of 50.5 years, and ranged
27~69 years. The GBM tissue specimens were collected from the
patients had not received other therapies during the surgery in
the Second Hospital of Lanzhou University (China). All the fresh
specimens were immediately frozen in liquid nitrogen and then
stored at -80°C. Tissue sample used for immunohistochemical
staining was fixed and embedded in paraffin. The clinical
Frontiers in Oncology | www.frontiersin.org 2
characteristics of the patients were reviewed and analyzed. This
study was approved by the Ethics Committee of Second Hospital
of Lanzhou University, and the patients signed written
informed consent.

Cell Cultivation and Transfection
The human GBM cell lines including U87MG, T98G, U251,
A172 and U118 were acquired from the American Type Culture
Collection (ATCC; Rockville, MD). Human normal astrocyte cell
line NHAs were acquired from Lonza (Rockland, ME). The cells
were cultured in the Dulbecco’s modified Eagle’s medium
(DMEM, Gibco, Thermo Fisher Scientific Inc., Waltham, MA)
containing 4500 mg/L glucose and 4 mM L-glutamine, and
supplemented with 10% fetal bovine serum (FBS, Gibco), 100
units/mL penicillin, and 100 mg/mL streptomycin (Sigma, St.
Louis, MO). Cell culture was performed in a humidified
atmosphere of 5% CO2 and maintained at 37°C.

Lentiviral constructs for decorin overexpression and shRNA-
mediated silencing were purchased from GeneChem (Shanghai,
China). The vector sequence of decorin shRNA was: 5′-CCG
GCCGCATTGCTGATACCAATATCTCGAGATAT
TGGTATCAGCAATGCGGTTTTTG-3′. The U87MG, T98G
and U251 cell lines were cultured in six-well plates at 20~30%
cell density one day before transduction. U87MG and U251 cells
were transfected with LV-decorin-puromycin at a multiplicity of
infection (MOI) of 20, and LV-decorin-shRNA-puromycin was
transduced into T98G and U251 cells at a MOI of 40. In addition,
non-target virus (LV-puromycin) served as negative control
(NC). The DMEM should be replaced by fresh medium 12 h
after the incubation. Puromycin was added to the cultured cells
to choose the cells transduced with the viruses 48 h after
the incubation.

Reverse Transcription and Quantitative
Real-Time Polymerase Chain Reaction
(qRT-PCR)
Total RNA was extracted from GBM tissue samples using TRIzol
reagent (Gibco, San Diego, CA). 1 mg of RNA was converted to
cDNA using reverse transcriptase. qRT-PCR PCR was
performed in an ABI PCR instrument (Applied Biosystems,
Grand Island, NY) with a Fast SYBR-green Master Mix kit.
GAPDH served as an internal control. The relative expression
level of PCR product was calculated with the 2-DDCt method. The
primers in this assay were decorin, forward: 5′-ATGAAG
GCCACTATCATCCTCC-3′ and reverse: 5′-GTCGCGGT
CATCAGGAACTT-3′; GAPDH, forward: 5′-GGAGCGAGA
TCCCTCCAAAAT-3′ and reverse: 5′-GGCTGTTGTCA
TACTTCTCATGG-3′.

Primary Glioma Cell Isolation
and Cultivation
The primary glioma cells were isolated from three patients (No.
17, No.25 and No.35) and cultured as P017, P025 and P035. The
tumor tissues were resected and debrided of the necrotic tissue
under sterile conditions, and then digested with 0.25% Trypsin.
The cells were harvested after the lysis of red blood cells, washed
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with phosphate-buffered saline (PBS) and cultured in DMEM
supplemented with 10% FBS. The cell medium should be
exchanged every two days to remove the non-attached cells
until the medium became clarified.

Western Blot Analysis
The total protein of the cells was extracted using RIPA protein
extraction buffer (Beyotime, Shanghai, China) containing protease
inhibitor. Proteins were separated using SDS-PAGE gels and
transferred to a polyvinylidene fluoride (PVDF) membrane using
a iBlot 2 Dry Blotting System (Life technologies, Thermo Fisher
Scientific, Waltham, MA). The non-specific reactivity was blocked
with nonfat milk at 4°C for one hour. The PVDF membranes were
then incubated with primary antibodies including anti-decorin
(1:1000), anti-E-cadherin (1:10000), anti-fibronectin (1:1000),
anti-vimentin (1:1000), anti-Snail (1:1000), anti-Slug (1:1000),
anti-Twist (1:1000), anti-LC3B (1:2000), anti-p62 (1:10000), anti-
c-Met (1:1000), anti-p-c-Met (1:1000), anti-Akt (1:1000), anti-p-Akt
(1:1000), anti-mTOR (1:10000), anti-p-mTOR, anti-ERK1/2
(1:10000), anti-p-ERK1/2, anti-b-actin (1:5000) and anti-
GAPDH (1:5000) at 4°C overnight. These antibodies were
from Abcam (Cambridge, MA). The membranes were then
washed in TBST and incubated with Horseradish peroxidase-
conjugated secondary antibodies (Beyotime, Shanghai, China)
for 1 h. A Super ECL Plus Detection reagent (Applygen
Technologies, Beijing, China) was used to develop the bands,
which were captured by a Tanon-4200 Gel Imaging System
(Tanon, Shanghai, China).

Wound-Healing Assay
The transduced U87MG or T98G cells were seeded in a 12-well
plate until confluence. The cell monolayer was manually
scratched with a 200 mL-pipette tip to from a straight line
without corresponding cells. The wells were gently washed
once with PBS to clean the visual field. To decrease the
influence of FBS on the cell migration, the FBS concentration
in the medium was changed to 0.5%. At least five continuous
fields per well were recorded with a Zeiss Axio Observer Z1
inverted microscope (Carl Zeiss, Thornwood, NY) before and
24 h after migration. The ability of cell migration was expressed
as the percentage of cell wound closure, which is calculated as
(Scratching area - Wound area at 24 h)/Scratching area × 100%.
The scratching area and wound area were quantified by the
ImageJ software (NIH, Bethesda, MD).

Cell Invasion Assay
The invasion of transduced U87MG or T98G cells were
determined by a BioCoat Matrigel Invasion Chamber (BD
Biosciences, Franklin Lakes, NJ). Briefly, cells (1 × 105) in
DMEM containing 0.5% FBS were seeded on the upper
chamber with Matrigel-coated membrane in a 24-well plate.
The bottom chamber was added with DMEM containing 10%
FBS as a chemoattractant. After incubating for 24 h, cells on the
upper chamber were removed by a cotton swab. The membrane
with adhered cells were fixed using 2% paraformaldehyde, and
then stained by 0.1% crystal violet PBS solution. Invasive cells
were photographed in five random fields per treatment.
Frontiers in Oncology | www.frontiersin.org 3
Immunofluorescence Analysis
The GBM cells were fixed with 4% paraformaldehyde in PBS for
15 min, and then permeabilized for 10 min with 0.1% Triton-
X100. The cells were blocked with 3% BSA for 30 min. After
washed with PBS, the cells were incubated with primary anti-
LC3B (1:2000, Abcam) or anti-p62 (1:2000, Abcam) primary
antibodies for 1 h at 37°C. The cells were washed and then
incubated with corresponding IgG H&L (Alexa Fluor® 488)
secondary antibodies (Abcam) for 1 h at room temperature.
DAPI was used to stain the cell nucleuses. Images were acquired
with an UltraVIEW VoX confocal imaging system (Perkin
Elmer, Waltham, MA).

In Vivo Mouse Xenograft Model
Single cell suspension (1 × 106) of U251-decorin-shRNA
(shRNA-mediated decorin silencing), U251-decorin (decorin
overexpression) or U251-shNC cells were implanted into the
subcutaneous tissues in the right abdominal flank of the BALB/c-
nu/nu mice. Four weeks after implantation of the cells, the mice
were sacrificed. The tumors were fixed in 4% paraformaldehyde,
and were then paraffin-embedded for HE staining or
immunohistochemical analysis.

Statistical Analysis
The data in this study were presented as mean ± S.D.
Comparisons were performed using two-sided Student’s t-test
(two groups), or one-way ANOVA with post hoc Tukey’s test
(multiple groups). The Kaplan-Meier method was used to plot
the survival curves. Survival analysis was performed with the
GraphPad Prism 7 Software. P<0.05 is considered significant.
RESULTS

Reduced Expression of Decorin in Glioma
Tissues Associated With a Poor Survival
To determine the relationship between decorin and the
prognosis of GBM patients, the expression of decorin in GBM
tissues was evaluated. qRT-PCR was used to analyze the
expression level of decorin in 42 GBM samples and 3
paratumorous tissue samples, and the results were shown in
Figure 1A. Western blot analysis in three paired tissue samples
from some of these patients (No. 14, 31 and 37) indicated that
decorin was highly expressed in paratumorous tissues, while it
had a lower expressions in GBM tissues (Figure 1B). We defined
21 cases with a higher level of decorin expression than the
median as the high-expression group or decorin (high). The
other 21 cases were included in the low-expression group or
decorin (low). According to the Kaplan-Meier survival curve, the
21 patients with higher decorin expression had significantly
better overall survival than those with lower decorin expression
(P = 0.0159, Figure 1C). We further assessed the decorin
expression using Western blot on different GBM cells
including normal human astrocyte cell line (NHAs),
established (U87MG, T98G, U251, A172 and U118) and
primary glioma cell lines (P017, P025 and P035). We found a
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higher decorin expression level in normal astrocyte cell line while
at low levels in all glioma cells studied (Figures 1D, E).

Decorin Suppresses Cell Migration,
Invasion and Attenuates EMT Phenotype
in Glioma Cell Lines
Because a low expression of decorin was correlated with a poor
prognosis in patients with GBM, we then investigated whether
decorin played a functional role in glioma cells. Lentiviruses-
mediated overexpression of decorin in U87MG cells (U87MG-
decorin), or expression of short hairpin RNAs (shRNA) to knock
down decorin in T98G cell lines (T98G-decorin-shRNA) were
performed. Wound-healing assay revealed that decorin
overexpression dramatically decreased the cell migration in
U87MG-decorin cells compared with that in U87MG-NC cells.
In addition, T98G-decorin-shRNA cells showed a significantly
increased cell migration compared to the T98G-shNC cells
Frontiers in Oncology | www.frontiersin.org 4
(Figures 2A, B). Consistently, overexpression of decorin
significantly decreased the number of invasive U87MG cells.
However, silencing of decorin significantly promoted cell
invasion in T98G cells (Figures 2C, D).

To evaluate the potential effects of decorin on the regulation of
EMT phenotype, the expression of EMT-associated markers was
detected. The result of Western blot indicated that overexpression
of decorin significantly increased the expression of E-cadherin,
which was expressed in the neural tissue, but suppressed the
mesenchymal markers vimentin and fibronectin, and the
expressions of EMT-related proteins Snail, Slug and Twist were
inhibited as well. In contrast, decorin-shRNA down-regulated the
expression of E-cadherin, and up-regulated the mesenchymal
markers and EMT-related proteins (Figures 2E, F). These
results suggested that decorin significantly inhibited the
occurrence of EMT, which could be promoted by
decorin-shRNA.
A

B C

D E

FIGURE 1 | Reduced expression of decorin in glioma tissues is associated with a poor survival. (A) The level of decorin expression was detected in 42 GBM
samples and 3 paratumorous tissue samples using qRT-PCR. Values are means ± S.D. @ of 3 independent experiments.**P <0.01. (B) Western blot analysis in
three paired tissue samples indicated that decorin was highly expressed in paratumorous tissues, while it had a lower expressions in GBM tissues. (C) Kaplan-Meier
survival curve according to the levels of decorin expression. The 21 patients with higher decorin expression had significantly better overall survival than those with
lower decorin expression (P = 0.0159). (D) Western blot analysis showed that decorin was highly expressed in human normal astrocyte cell line NHAs, while it had a
lower expressions in established or primary glioma cell lines. (E) Measurement data of Western blot results (means ± S.D. @ of 3 independent experiments).
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Decorin Induces Autophagy in Glioma
Cell Lines
To determine the potential mechanism of the inhibitory effects of
decorin overexpression on cell invasion and EMT, the levels of
autophagy-related proteins were detected. Increased LC3B-I to
LC3B-II conversion and reduced expression level of autophagy
cargo protein p62 were both found in U87MG-decorin cells,
indicating that autophagy was activated by decorin
overexpression. In addition, decorin-silencing decreased the
ratio of LC3B-II/LC3B-I and elevated the expression of p62 in
T98G cells compared with those in shNC cells (Figures 3A, B).
We then performed immunofluorescence assay to further detect
the distribution of LC3B and p62 in U87MG cells. In consistent
with western blot analysis, the results showed increased numbers of
LC3B protein spots and decreased expression of p62 in the
Frontiers in Oncology | www.frontiersin.org 5
cytoplasm of decorin-overexpressed cells, suggesting that decorin
overexpression could promote the cell autophagy (Figure 3C).

Decorin Inhibits EMT Phenotype Through
the Induction of Autophagy in Glioma
Cell Lines
To further discover the mechanisms underlying the inhibitory
effects of decorin on the cell invasion and EMT phenotype, we
examined whether autophagy–lysosome degradation system
contributed to decorin-induced down-regulation of Slug and
Twist expression, both of which play critical roles in the
regulation of EMT. T98G-shNC or T98G-decorin-shRNA cells
were treated with cycloheximide, a widely used protein synthesis
inhibitor, or cycloheximide combined with proteasome inhibitor
MG132, to block de novo synthesis and the ubiquitin-proteasome
A B

C

E F

D

FIGURE 2 | Decorin inhibits cell migration, invasion and ameliorates EMT phenotype in glioma cell lines. (A) Wound-healing assay of U87MG and T98G cells
with decorin overexpression and decorin silencing. Decorin overexpression dramatically decreased the cell migration in U87MG-decorin cells compared with that
in U87MG-NC cells. T98G-decorin-shRNA cells showed a significantly increased cell migration compared to the T98G-shNC cells. (B) Measurement data of cell
migration results (means ± S.D. @ of 3 independent experiments). (C) Overexpression of decorin significantly decreased the number of invasive U87MG cells.
However, silencing of decorin significantly promoted cell invasion in T98G cells. (D) Measurement data of cell invasion results (means ± S.D. @ of 3 independent
experiments). (E) Evaluation of the effects of decorin on the EMT phenotype. Western blot results showed that overexpression of decorin significantly increased the
expression of E-cadherin, but suppressed the mesenchymal markers vimentin and fibronectin, and inhibited the expressions of EMT-related proteins Snail, Slug
and Twist. In contrast, decorin-silencing down-regulated the expression of E-cadherin, and up-regulated the mesenchymal markers and EMT-related proteins.
(F) Measurement data of Western blot results (means ± S.D. @ of 3 independent experiments). *P < 0.05, **P < 0.01 vs. NC; ##P < 0.01 vs. shNC.
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degradation of Slug and Twist. The result indicated that the
degradation of Slug and Twist in T98G-shNC cells were much
rapid than that in T98G-decorin-shRNA cells (Figures 4A, B).
However, treatment of cells with both cycloheximide and MG132
could not change these effects between groups (Figures 4C, D).
These data indicate that the decorin-mediated degradation of
Slug/Twist does not depend on the ubiquitin-proteasome system.

The cells were then treated with cycloheximide and 3-MA, an
inhibitor of autophagy. The result of Western blot indicated that
the degradation rates of Slug and Twist were similar between
T98G-shNC and T98G-decorin-shRNA cells, suggesting that 3-
MA significantly attenuate the degradations of these proteins
(Figures 4E, F). Therefore, a decorin-dependent mechanism is
involved in degradation of Slug/Twist via activating the
autophagy-lysosome system. Furthermore, 3-MA treatment
could block the effects of decorin overexpression-induced
inhibition of migration and invasion of U87MG cells
(Figures 4G, H). Collectively, these findings suggest that
decorin inhibits EMT phenotype through the induction of
autophagy in glioma cell lines.

Decorin Suppresses EMT via c-Met/Akt
Axis in Glioma Cells
As we had revealed decorin-mediated degradation of Slug/Twist,
we then examined whether decorin directly inactivate EMT-
prompting signal pathways. Mounting evidence has shown that
decorin exert its oncosuppressive function as an endogenous
pan-receptor tyrosine kinase inhibitor. Meanwhile, pathways
Frontiers in Oncology | www.frontiersin.org 6
mediated by tyrosine kinase receptors have been reported to
participate in the activation of EMT-like related genes to
promote GBM dissemination. Among these RTKs, the
hepatocyte growth factor (HGF) binding receptor tyrosine
kinase receptor c-Met is highly activated during GBM
progression. The activated receptor is associated with a
disassembly of adherent junction, resulting in increased cell
migration and promoting EMT (22). Current evidence
indicates that autophagy can be negatively regulated by PI3K/
Akt protein pathway and positively regulated by ERK1/2 protein
pathway (23). Thus, we sought to examine whether c-Met/PI3K/
Akt axis is involved in decorin-induced EMT inhibition in
glioma cells. First, we evaluated the phosphorylated levels of c-
Met, Akt and mTOR in T98G-decorin-shRNA and U87MG-
decorin cells, and the results indicated that phosphorylated levels
of c-Met, Akt and mTOR were notably down-regulated by
Western blot analysis. The level of p-ERK1/2 was increased
in decorin-overexpressed U87MG cell lines compared with
the U87MG-NC cells (Figures 5A, B). In contrast, the
phosphorylated levels of c-Met, Akt and mTOR were
significantly up-regulated, whereas the level of p-ERK1/2 was
decreased in T98G-decorin-shRNA cells (Figures 5A, B).
Although the carcinostatic function of decorin is specific,
further investigation is urgently needed to illustrate the
mechanism through which decorin affects the EMT and
autophagy in tumors via the c-Met/Akt/mTOR and ERK1/2
signaling pathway. Thus, we used LY294002, a PI3K inhibitor,
and the activator 740Y-P to treat the cells showing stable decorin
A B

C

FIGURE 3 | Decorin stimulates autophagy in glioma cell lines. (A) Western blot analysis of autophagy related protein indicated that increased LC3B-I to LC3B-II
conversion and reduced expression of p62 were both found in U87MG-decorin cells. Decorin-silencing decreased the ratio of LC3B-II/LC3B-I and elevated the
expression of p62 in T98G cells. (B) Measurement data of Western blot results (means ± S.D. @ of 3 independent experiments). **P < 0.01 vs. NC; ##P < 0.01 vs.
shNC. (C) Immunofluorescence analysis of LC3B and p62 in U87MG cells, in response to overexpression of decorin.
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knockdown or overexpression and evaluated the phosphorylated
levels of c-Met, Akt, mTOR and ERK1/2, and the expressions of
autophagy- and EMT-related markers by Western blot analysis.
The results showed that in the U87MG-decorin cells, the
expression levels of p-c-Met, p-Akt and p-mTOR were
significantly increased, and p-ERK1/2 level was decreased after
treatment with 740Y-P, but these expression changes were
reversed in the T98G-decorin-shRNA cells after treatment with
Frontiers in Oncology | www.frontiersin.org 7
LY294002 (Figures 5A, B). In addition, the LC3B-II/LC3B-I
expression ratio and E-cadherin was decreased in the decorin-
overexpressed U87MG cells after 740Y-P treatment, but the
levels of P62, Slug and Twist were augmented in these cells
(Figures 5C, D). Contrarily, LY294002 treatment led to reduced
expressions of p62, Slug and Twist, and up-regulated the
expressions of p-ERK1/2, E-cadherin and LC3B-II/LC3B-I
conversion, resulting in activation of ERK1/2 signaling and
A B

E F

G H

C D

FIGURE 4 | Decorin inhibits EMT phenotype through the induction of autophagy in glioma cell lines. (A) T98G cells were infected with LV-decorin-shRNA vector.
Cells were treated with 100 mg/mL of cycloheximide. Western blot results showed that the degradation of Slug and Twist in T98G-shNC cells were much rapid than
that in T98G-decorin-shRNA cells. (B) Measurement data of (A) (means ± S.D. @ of 3 independent experiments). **P<0.01 vs. shNC. (C) Treatment of the cells with
both cycloheximide and 10 mM of MG132 could not change these effects between groups. (D) Measurement data of (C) (means ± S.D. @ of 3 independent
experiments). **P < 0.01 vs. shNC. (E) The degradation rates of Slug and Twist were similar between T98G-shNC and T98G-decorin-shRNA cells after the cells
were treated with cycloheximide and 10 mmol/L 3-MA. (F) Measurement data of (E) (means ± S.D. @ of 3 independent experiments). (G, H) 3-MA treatment could
block the effects of decorin overexpression-induced inhibition of migration and invasion of U87MG cells. (means ± S.D. @ of 3 independent experiments).). **P < 0.01
vs. NC; $$P < 0.01 vs. Decorin.
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thereby the induction of autophagy and EMT inhibition
(Figures 5A, C, D). Therefore, the regulatory effects of decorin
on autophagy and the EMT can be partially attributed to the
inhibition of PI3K-Akt-mTOR and activation of ERK1/2
signaling pathways.

Decorin Inhibits EMT Phenotype in Glioma
Cells via Activation of Autophagy In Vivo
Along with the in vitro cellular data, we tested whether decorin
could reduce tumor invasion and inhibit autophagy and the
EMT phenotype in vivo. The role of decorin in a nude mouse
model was analyzed. Lentiviral constructs for shRNA-mediated
Frontiers in Oncology | www.frontiersin.org 8
decorin silencing (U251-decorin-shRNA) and decorin
overexpression (U251-decorin) were established in U251 cells.
Compared to the U251-decorin tumor, U251-shNC and U251-
decorin-shRNA tumors exhibited clear characteristics of
invasion. The result of HE staining showed that U251-shNC
tumor or U251-decorin-shRNA tumor tended to invade the
neighboring normal tissue, however, the U251-decorin tumor
kept a relative smooth edge (Figure 6A). The expression of
mesenchymal markers including Slug and vimentin were up-
regulated greatly in U251-decorin-shRNA tumors. The
expressions of these proteins were decreased in U251-shNC
tumors, and further significantly decreased in U251-decorin
A B

C

D

FIGURE 5 | Decorin suppresses EMT via c-MET/Akt/mTOR signaling pathway in glioma cells. (A) U87MG and T98G cells were infected with decorin-overexpressing
lentivirus and decorin-shRNA lentivirus, respectively. U87MG were treated with 740Y-P, a PI3K activator, and T98G cells with the inhibitor LY294002. The cells were
then harvested and lysed for the detection of p-c-Met, c-Met, p-Akt, Akt, p-mTOR, mTOR, p-ERK1/2 and ERK1/2 by western blot. The phosphorylated levels of
c-Met, Akt and mTOR were notably down-regulated and the level of p-ERK1/2 was increased in decorin-overexpressed U87MG cell lines compared with the U87MG-NC
cells. In contrast, the phosphorylated levels of c-Met, Akt and mTOR were significantly up-regulated, whereas the level of p-ERK1/2 was decreased in T98G-decorin-
shRNA cells. The U87MG-decorin cells, the expression levels of p-c-Met, p-Akt and p-mTOR were significantly increased, and p-ERK1/2 level was decreased after
treatment with 740Y-P, but these expression changes were reversed in the T98G-decorin-shRNA cells after treatment with LY294002. (B) Measurement data of (A)
(means ± S.D. @ of 3 independent experiments). **P < 0.01 vs. NC; $$P<0.01 vs. Decorin; ##P < 0.01 vs. shNC; &&P < 0.01 vs. Decorin-shRNA. (C) LC3B-II/LC3B-I
expression ratio and E-cadherin was decreased in the decorin-overexpressed U87MG cells after 740Y-P treatment, but the levels of P62, Slug and Twist were augmented
in these cells. Contrarily, LY294002 treatment led to reduced expressions of p62, Slug and Twist, and up-regulated the expressions of p-ERK1/2, E-cadherin and LC3B-II/
LC3B-I conversion. (D) Measurement data of (C) (means ± S.D. @ of 3 independent experiments). **P < 0.01 vs. NC; $$P < 0.01 vs. Decorin; ##P < 0.01 vs. shNC;
&&P < 0.01 vs. Decorin-shRNA.
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tumors. Conversely, the epithelial marker E-cadherin was down-
regulated in U251-decorin-shRNA tumors, and the expression
was increased in U251-shNC tumors, and further significantly
increased in U251-decorin tumors. These data suggested that
EMT was induced by decorin inhibition in vivo (Figure 6B). In
addition, the phosphorylated levels of Akt and mTOR were
notably up-regulated in U251-decorin-shRNA tumors
compared to those in U251-shNC tumors, and these
phosphorylated levels were further decreased in U251-decorin
tumors (both P<0.01, Figures 6C, D). These data suggested that
Akt/mTOR pathway was inhibited by decorin in the implantated
tumors, which was consistent with the invasion data in vivo.
DISCUSSION

Proteoglycans are a macromolecule family with complex
structures and high heterogeneity. Proteoglycans have
a protein core and at least one covalently attached
glycosaminoglycan chain. This unique structure provides
the proteoglycans with the ability to regulate multiple
pathophysiological processes including tumorigenesis (24).
Decorin, which belongs to the small leucine-rich proteoglycan
(SLRP) family, is a key component of ECM structure and
function. Recent studies revealed that decorin exhibits potent
oncosuppressive activities in multiple tumors (20, 21) through
extracellular and intracellular mechanisms. In this study, we
investigated the role of decorin in autophagy and EMT in GBM,
and revealed that the high expression level of decorin correlates
Frontiers in Oncology | www.frontiersin.org 9
with the better overall survival of GBM patients. This differential
expression was also observed in cultured cells that a higher
decorin expression found in normal astrocyte cell line NHAs
while it was at low levels in established glioma cells (U87MG,
T98G, U251, A172 and U118) and the glioma cells isolated from
three GBM patients. Notably, although GAPDH is a normally
used reference gene for RT-qPCR assay, Rydbirk et al. reported
that more stable reference gene such as UBE2D2 or RPL13 may
be better for assessing gene expression in nerve tissues (25). In
addition, we found that decorin regulates autophagy and the
EMT phenotype through c-Met/Akt/mTOR and ERK1/
2 pathway.

In addition to playing an essential role in embryonic
development, EMT has also been implicated to modulate tumor
invasion and metastasis in numerous tumors (26, 27) including
GBM (28). Recent studies have shown that decorin not only
exerts its actions within the tumor stroma, but also acts as a
multifunctional signaling molecule in numerous pathological
conditions such as hepatic fibrosis (29), immunomodulation
(30, 31), obesity (32) and tumor initiation and progression
(20, 33, 34). In this study, lentiviral constructs for decorin
overexpression and shRNA-mediated silencing were established
for U87MG cells and T98G cells, respectively. We observed that
decorin overexpression in U87MG cells suppressed cell migration
and invasion, accompanied by the reversion of EMT phenotype,
which is characterized by down-regulation of mesenchymal
marker fibronectin, vimentin, Snail, Slug and Twist, and up-
regulation of epithelial marker E-cadherin. In contrast, silencing
of decorin in T98G cells promoted cell migration, invasion and
EMT process.
A B

C D

FIGURE 6 | Decorin overexpression suppresses GBM invasion and EMT phenotype. (A) The result of HE staining showed that U251-shNC tumor or U251-decorin-
shRNA tumor tended to invade the neighboring normal tissue, however, the U251-decorin tumor kept a relative smooth edge. (B) The expression of mesenchymal
markers including Slug and vimentin were up-regulated greatly in U251-decorin-shRNA tumors. The expressions of these proteins were decreased in U251-shNC
tumors, and further significantly decreased in U251-decorin tumors. Conversely, the epithelial marker E-cadherin was down-regulated in U251-decorin-shRNA tumors,
and the expression was increased in U251-shNC tumors, and further significantly increased in U251-decorin tumors. (C) The phosphorylated levels of Akt and mTOR
were notably up-regulated in U251-decorin-shRNA tumors compared to those in U251-shNC tumors, and these phosphorylated levels were further decreased in
U251-decorin tumors. (D) Measurement data of (C) (means ± S.D. @ of 3 independent experiments). **P < 0.01 vs. Decorin-shRNA; ##P < 0.01 vs. NC.
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The current study further found that inhibition of the EMT
by decorin was mediated by the activation of autophagy. Multiple
autophagy-associated proteins are involved in this complicated
process. In the present study, it was shown that overexpression of
decorin in U87MG cells up-regulated the conversion of LC3B-II,
and reduced the expression level of autophagy cargo protein p62.
Immunofluorescence assay also confirmed the increased level of
LC3B and decreased p62 level in U87MG cells transfected with
decorin. These results suggest that decorin induces autophagy in
human glioma cells. In addition, in U87MG cells normally
lacking decorin expression, ectopic overexpression of decorin
led to the autophagy-lysosome dependent degradation of Slug
and Twist, two main promotors of EMT, to attenuate the EMT
process in U87MG cells. In contrast, in T98G cells normally
expressing decorin, silencing of decorin induced the
accumulation of Slug and Twist, and activated the EMT
process. Furthermore, autophagy inhibitor (3-MA) treatment
could block the effects of decorin overexpression-induced
inhibition of migration and invasion of U87MG cells. Thus,
our study suggests that decorin shows its GBM-inhibitory effects
through induction of autophagy activity to suppress the
EMT process.

Recent reports have revealed that decorin can act as an anti-
metastatic effector, suppressing migration and invasion of cancer
cells (35–37). In a mice model of colon carcinoma, decorin
inhibits the growth and migration of cancer cells through
regulating the level of E-cadherin (38). The inhibitory effects of
decorin on oncogenesis are associated with the activation of
receptor complex (34). Using a discovery tool, such as a
phosphotyrosine RTK array, a RTK, Met or HGF receptor
was found to be specifically activated by soluble decorin
proteoglycan or decorin protein core (39). Previous studies
indicated that Met is a crucial receptor of decorin, and
relays multiple oncosuppressive signals (39, 40). However, the
relation between decorin, EMT and c-Met/Akt/mTOR axis
remains unclear in glioma cells. Here, we characterized a
specific signaling pathway in human glioma cells. Decorin
overexpression in U87MG cells blocked the phosphorylation of
c-Met, Akt and mTOR followed by downregulation of Slug,
Twist and p62, and an increase of E-cadherin, LC3B-II to LC3B-I
conversion. These effects were reversed when treated with PI3K
activator 740Y-P. In contrast, the phosphorylation of c-Met, Akt
and mTOR were inhibited, followed by downregulation of Slug,
Twist and p62, and an increase of E-cadherin, LC3B-II to LC3B-I
Frontiers in Oncology | www.frontiersin.org 10
conversion in the decorin-knockdown T98G cells after treatment
with the PI3K inhibitor LY294002.

Although implantation of the tumor cells into the brain is
closer to the growth environment in the human, complicated
operation and higher incidences of infection and death are major
drawbacks of this model. Furthermore, it is also difficult to
consecutively observe the growth of tumor. Thus, in this study,
we used a mice model of subcutaneous implantation of tumor
cells due to easy operation and observation. The in vivo result
indicated that decorin overexpression can suppress the GBM
invasion and EMT phenotype. In addition, the phosphorylated
levels of Akt and mTOR were significantly decreased in U251-
decorin tumors compared to those in both U251-decorin-shRNA
tumors and U251-shNC tumors. Therefore, we demonstrated
that decorin inhibits migration, invasion and EMT by the
suppressing the c-Met/Akt/mTOR signaling pathway.

In conclusion, this study provides evidence that
overexpressed decorin attenuated the EMT, migration and
invasion of human glioma cells. The mechanisms include
inhibiting the activation of c-Met/Akt/mTOR signaling and
regulating the expression of the important mesenchymal
markers including Slug, vimentin and Twist, and epithelial
marker E-cadherin. These findings provide a basis for the
action of decorin regulation in the GBM.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The animal study was reviewed and approved by Second
Hospital of Lanzhou University.
AUTHOR CONTRIBUTIONS

QL conceived and designed the current study and contributed to
writing the manuscript. YJ and QF performed the experiments.
BT, XL, QY, and HY analyzed and interpreted the data. All
authors read and approved the final manuscript.
REFERENCES
1. Tsidulko AY, Kazanskaya GM, Volkov AM, Suhovskih AV, Kiselev RS, Kobozev

VV, et al. Chondroitin Sulfate Content and Decorin Expression in Glioblastoma
Are Associated With Proliferative Activity of Glioma Cells and Disease Prognosis.
Cell Tissue Res (2020) 379(1):147–55. doi: 10.1007/s00441-019-03127-2

2. Pogoda K, Bucki R, Byfield FJ, Cruz K, Lee T, Marcinkiewicz C, et al. Soft
Substrates Containing Hyaluronan Mimic the Effects of Increased Stiffness on
Morphology, Motility, and Proliferation of Glioma Cells. Biomacromolecules
(2017) 18(10):3040–51. doi: 10.1021/acs.biomac.7b00324

3. Thompson EW, Williams ED. EMT and MET in Carcinoma–Clinical
Observations, Regulatory Pathways and New Models. Clin Exp Metastasis
(2008) 25(6):591–2. doi: 10.1007/s10585-008-9189-8
4. Gregory PA, Bert AG, Paterson EL, Barry SC, Tsykin A, Farshid G, et al. The
miR-200 Family and miR-205 Regulate Epithelial to Mesenchymal Transition
by Targeting ZEB1 and SIP1. Nat Cell Biol (2008) 10(5):593–601.
doi: 10.1038/ncb1722

5. Elias MC, Tozer KR, Silber JR, Mikheeva S, Deng M, Morrison RS, et al.
TWIST Is Expressed in Human Gliomas and Promotes Invasion. Neoplasia
(2005) 7(9):824–37. doi: 10.1593/neo.04352

6. Freije WA, Castro-Vargas FE, Fang Z, Horvath S, Cloughesy T, Liau LM, et al.
Gene Expression Profiling of Gliomas Strongly Predicts Survival. Cancer Res
(2004) 64(18):6503–10. doi: 10.1158/0008-5472.CAN-04-0452

7. Kahlert UD, Maciaczyk D, Doostkam S, Orr BA, Simons B, Bogiel T, et al.
Activation of Canonical WNT/beta-Catenin Signaling Enhances In Vitro
Motility of Glioblastoma Cells by Activation of ZEB1 and Other Activators of
July 2021 | Volume 11 | Article 659353

https://doi.org/10.1007/s00441-019-03127-2
https://doi.org/10.1021/acs.biomac.7b00324
https://doi.org/10.1007/s10585-008-9189-8
https://doi.org/10.1038/ncb1722
https://doi.org/10.1593/neo.04352
https://doi.org/10.1158/0008-5472.CAN-04-0452
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jia et al. Decorin vs Glioma
Epithelial-to-Mesenchymal Transition. Cancer Lett (2012) 325(1):42–53.
doi: 10.1016/j.canlet.2012.05.024

8. Brabletz T. To Differentiate or Not–Routes Towards Metastasis. Nat Rev
Cancer (2012) 12(6):425–36. doi: 10.1038/nrc3265

9. Chaffer CL, Brueckmann I, Scheel C, Kaestli AJ, Wiggins PA, Rodrigues LO,
et al. Normal and Neoplastic Nonstem Cells Can Spontaneously Convert to a
Stem-Like State. Proc Natl Acad Sci USA (2011) 108(19):7950–5. doi: 10.1073/
pnas.1102454108

10. Catalano M, D’Alessandro G, Lepore F, Corazzari M, Caldarola S, Valacca C,
et al. Autophagy Induction Impairs Migration and Invasion by Reversing
EMT in Glioblastoma Cells. Mol Oncol (2015) 9(8):1612–25. doi: 10.1016/
j.molonc.2015.04.016

11. Li H, Li J, Chen L, Qi S, Yu S, Weng Z, et al. HERC3-Mediated SMAD7
Ubiquitination Degradation Promotes Autophagy-Induced EMT and
Chemoresistance in Glioblastoma. Clin Cancer Res (2019) 25(12):3602–16.
doi: 10.1158/1078-0432.CCR-18-3791

12. Kocaturk NM, Akkoc Y, Kig C, Bayraktar O, Gozuacik D, Kutlu O. Autophagy
as a Molecular Target for Cancer Treatment. Eur J Pharm Sci: Off J Eur Fed
Pharm Sci (2019) 134:116–37. doi: 10.1016/j.ejps.2019.04.011

13. Debnath J, Baehrecke EH, Kroemer G. Does Autophagy Contribute to Cell
Death? Autophagy (2005) 1(2):66–74. doi: 10.4161/auto.1.2.1738

14. Broekman ML, Maas SLN, Abels ER, Mempel TR, Krichevsky AM,
Breakefield XO. Multidimensional Communication in the Microenvirons of
Glioblastoma. Nat Rev Neurol (2018) 14(8):482–95. doi: 10.1038/s41582-018-
0025-8

15. Reed CC, Iozzo RV. The Role of Decorin in Collagen Fibrillogenesis and Skin
Homeostasis. Glycoconjugate J (2002) 19(4-5):249–55. doi: 10.1023/
A:1025383913444

16. Ruhland C, Schonherr E, Robenek H, Hansen U, Iozzo RV, Bruckner P, et al.
The Glycosaminoglycan Chain of Decorin Plays an Important Role in
Collagen Fibril Formation at the Early Stages of Fibrillogenesis. FEBS J
(2007) 274(16):4246–55. doi: 10.1111/j.1742-4658.2007.05951.x

17. Jarvelainen H, Puolakkainen P, Pakkanen S, Brown EL, Hook M, Iozzo RV,
et al. A Role for Decorin in Cutaneous Wound Healing and Angiogenesis.
Wound Repair Regener (2006) 14(4):443–52. doi: 10.1111/j.1743-6109.
2006.00150.x

18. Grant DS, Yenisey C, Rose RW, Tootell M, Santra M, Iozzo RV. Decorin
Suppresses Tumor Cell-Mediated Angiogenesis. Oncogene (2002) 21
(31):4765–77. doi: 10.1038/sj.onc.1205595

19. Schonherr E, Sunderkotter C, Schaefer L, Thanos S, Grassel S, Oldberg A, et al.
Decorin Deficiency Leads to Impaired Angiogenesis in Injured Mouse Cornea.
J Vasc Res (2004) 41(6):499–508. doi: 10.1159/000081806

20. Sainio AO, Järveläinen HT. Decorin-Mediated Oncosuppression - a Potential
Future Adjuvant Therapy for Human Epithelial Cancers. Br J Pharmacol
(2019) 176(1):5–15. doi: 10.1111/bph.14180

21. Neill T, Schaefer L, Iozzo RV. Decorin as a Multivalent Therapeutic Agent
Against Cancer. Adv Drug Deliv Rev (2016) 97:174–85. doi: 10.1016/j.addr.
2015.10.016

22. Jiao D, Wang J, Lu W, Tang X, Chen J, Mou H, et al. Curcumin Inhibited
HGF-Induced EMT and Angiogenesis Through Regulating C-Met Dependent
PI3K/Akt/mTOR Signaling Pathways in Lung Cancer. Mol Ther Oncolytics
(2016) 3:16018. doi: 10.1038/mto.2016.18

23. Zhu JF, HuangW, Yi HM, Xiao T, Li JY, Feng J, et al. Annexin A1-Suppressed
Autophagy Promotes Nasopharyngeal Carcinoma Cell Invasion and
Metastasis by PI3K/AKT Signaling Activation. Cell Death Dis (2018) 9
(12):1154. doi: 10.1038/s41419-018-1204-7

24. Karamanos NK, Piperigkou Z, Theocharis AD, Watanabe H, Franchi M, Baud
S, et al. Proteoglycan Chemical Diversity Drives Multifunctional Cell
Regulation and Therapeutics. Chem Rev (2018) 118(18):9152–232.
doi: 10.1021/acs.chemrev.8b00354

25. Rydbirk R, Folke J, Winge K, Aznar S, Pakkenberg B, Brudek T. Assessment of
Brain Reference Genes for RT-qPCR Studies in Neurodegenerative Diseases.
Sci Rep (2016) 6:37116. doi: 10.1038/srep37116

26. Wei R, Xiao Y, Song Y, Yuan H, Luo J, Xu W. FAT4 Regulates the EMT and
Autophagy in Colorectal Cancer Cells in Part via the PI3K-AKT Signaling
Axis. J Exp Clin Cancer Res (2019) 38(1):112. doi: 10.1186/s13046-019-1043-0
Frontiers in Oncology | www.frontiersin.org 11
27. Chen C, Liang QY, Chen HK, Wu PF, Feng ZY, Ma XM, et al. DRAM1
Regulates the Migration and Invasion of Hepatoblastoma Cells via
Autophagy-EMT Pathway. Oncol Lett (2018) 16(2):2427–33. doi: 10.3892/
ol.2018.8937

28. Lu Y, Xiao L, Liu Y, Wang H, Li H, Zhou Q, et al. MIR517C Inhibits
Autophagy and the Epithelial-to-Mesenchymal (-Like) Transition Phenotype
in Human Glioblastoma Through KPNA2-Dependent Disruption of TP53
Nuclear Translocation. Autophagy (2015) 11(12):2213–32. doi: 10.1080/
15548627.2015.1108507

29. Baghy K, Dezso K, Laszlo V, Fullar A, Peterfia B, Paku S, et al. Ablation of the
Decorin Gene Enhances Experimental Hepatic Fibrosis and Impairs Hepatic
Healing in Mice. Lab Invest (2011) 91(3):439–51. doi: 10.1038/
labinvest.2010.172

30. Frey H, Schroeder N, Manon-Jensen T, Iozzo RV, Schaefer L. Biological
Interplay Between Proteoglycans and Their Innate Immune Receptors in
Inflammation. FEBS J (2013) 280(10):2165–79. doi: 10.1111/febs.12145

31. Merline R, Moreth K, Beckmann J, Nastase MV, Zeng-Brouwers J, Tralhao JG,
et al. Signaling by the Matrix Proteoglycan Decorin Controls Inflammation
and Cancer Through PDCD4 and MicroRNA-21. Sci Signaling (2011) 4(199):
ra75. doi: 10.1126/scisignal.2001868

32. Bolton K, Segal D, McMillan J, Jowett J, Heilbronn L, Abberton K, et al.
Decorin is a Secreted Protein Associated With Obesity and Type 2 Diabetes.
Int J Obes (Lond) (2008) 32(7):1113–21. doi: 10.1038/ijo.2008.41

33. Theocharis AD, Skandalis SS, Neill T, Multhaupt HA, Hubo M, Frey H, et al.
Insights Into the Key Roles of Proteoglycans in Breast Cancer Biology and
Translational Medicine. Biochim Biophys Acta (2015) 1855(2):276–300.
doi: 10.1016/j.bbcan.2015.03.006

34. Neill T, Schaefer L, Iozzo RV. Decorin: A Guardian From the Matrix. Am J
Pathol (2012) 181(2):380–7. doi: 10.1016/j.ajpath.2012.04.029

35. Shintani K, Matsumine A, Kusuzaki K, Morikawa J, Matsubara T,
Wakabayashi T, et al. Decorin Suppresses Lung Metastases of Murine
Osteosarcoma. Oncol Rep (2008) 19(6):1533–9. doi: 10.3892/or.19.6.1533

36. Biaoxue R, Xiguang C, Hua L, Hui M, Shuanying Y, Wei Z, et al. Decreased
Expression of Decorin and P57(KIP2) Correlates With Poor Survival and
Lymphatic Metastasis in Lung Cancer Patients. Int J Biol Markers (2011) 26
(1):9–21. doi: 10.5301/jbm.2011.6372

37. Stock C, Jungmann O, Seidler DG. Decorin and Chondroitin-6 Sulfate Inhibit
B16V Melanoma Cell Migration and Invasion by Cellular Acidification. J Cell
Physiol (2011) 226(10):2641–50. doi: 10.1002/jcp.22612

38. Bi X, Pohl NM, Qian Z, Yang GR, Gou Y, Guzman G, et al. Decorin-Mediated
Inhibition of Colorectal Cancer Growth and Migration Is Associated With
E-Cadherin In Vitro and in Mice. Carcinogenesis (2012) 33(2):326–30.
doi: 10.1093/carcin/bgr293

39. Goldoni S, Humphries A, Nystrom A, Sattar S, Owens RT, McQuillan DJ,
et al. Decorin Is a Novel Antagonistic Ligand of the Met Receptor. J Cell Biol
(2009) 185(4):743–54. doi: 10.1083/jcb.200901129

40. Neill T, Schaefer L, Iozzo RV. Oncosuppressive Functions of Decorin.Mol Cell
Oncol (2015) 2(3):e975645. doi: 10.4161/23723556.2014.975645

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Jia, Feng, Tang, Luo, Yang, Yang and Li. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
July 2021 | Volume 11 | Article 659353

https://doi.org/10.1016/j.canlet.2012.05.024
https://doi.org/10.1038/nrc3265
https://doi.org/10.1073/pnas.1102454108
https://doi.org/10.1073/pnas.1102454108
https://doi.org/10.1016/j.molonc.2015.04.016
https://doi.org/10.1016/j.molonc.2015.04.016
https://doi.org/10.1158/1078-0432.CCR-18-3791
https://doi.org/10.1016/j.ejps.2019.04.011
https://doi.org/10.4161/auto.1.2.1738
https://doi.org/10.1038/s41582-018-0025-8
https://doi.org/10.1038/s41582-018-0025-8
https://doi.org/10.1023/A:1025383913444
https://doi.org/10.1023/A:1025383913444
https://doi.org/10.1111/j.1742-4658.2007.05951.x
https://doi.org/10.1111/j.1743-6109.2006.00150.x
https://doi.org/10.1111/j.1743-6109.2006.00150.x
https://doi.org/10.1038/sj.onc.1205595
https://doi.org/10.1159/000081806
https://doi.org/10.1111/bph.14180
https://doi.org/10.1016/j.addr.2015.10.016
https://doi.org/10.1016/j.addr.2015.10.016
https://doi.org/10.1038/mto.2016.18
https://doi.org/10.1038/s41419-018-1204-7
https://doi.org/10.1021/acs.chemrev.8b00354
https://doi.org/10.1038/srep37116
https://doi.org/10.1186/s13046-019-1043-0
https://doi.org/10.3892/ol.2018.8937
https://doi.org/10.3892/ol.2018.8937
https://doi.org/10.1080/15548627.2015.1108507
https://doi.org/10.1080/15548627.2015.1108507
https://doi.org/10.1038/labinvest.2010.172
https://doi.org/10.1038/labinvest.2010.172
https://doi.org/10.1111/febs.12145
https://doi.org/10.1126/scisignal.2001868
https://doi.org/10.1038/ijo.2008.41
https://doi.org/10.1016/j.bbcan.2015.03.006
https://doi.org/10.1016/j.ajpath.2012.04.029
https://doi.org/10.3892/or.19.6.1533
https://doi.org/10.5301/jbm.2011.6372
https://doi.org/10.1002/jcp.22612
https://doi.org/10.1093/carcin/bgr293
https://doi.org/10.1083/jcb.200901129
https://doi.org/10.4161/23723556.2014.975645
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Decorin Suppresses Invasion and EMT Phenotype of Glioma by Inducing Autophagy via c-Met/Akt/mTOR Axis
	Introduction
	Materials and Methods
	Clinical Specimens and Characteristics
	Cell Cultivation and Transfection
	Reverse Transcription and Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
	Primary Glioma Cell Isolation and Cultivation
	Western Blot Analysis
	Wound-Healing Assay
	Cell Invasion Assay
	Immunofluorescence Analysis
	In Vivo Mouse Xenograft Model
	Statistical Analysis

	Results
	Reduced Expression of Decorin in Glioma Tissues Associated With a Poor Survival
	Decorin Suppresses Cell Migration, Invasion and Attenuates EMT Phenotype in Glioma Cell Lines
	Decorin Induces Autophagy in Glioma Cell Lines
	Decorin Inhibits EMT Phenotype Through the Induction of Autophagy in Glioma Cell Lines
	Decorin Suppresses EMT via c-Met/Akt Axis in Glioma Cells
	Decorin Inhibits EMT Phenotype in Glioma Cells via Activation of Autophagy In Vivo

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


