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Expression of MMPs is dependent on the activity of
mitogen-activated protein kinase in chondrosarcoma
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Abstract. Matrix metalloproteinases (MMPs) and tissue
inhibitors of matrix metalloproteinases (TIMPs) serve an
important role in chondrosarcoma. The present study inves-
tigated whether the expression of MMPs was dependent on
the activity of mitogen-activated protein kinase (MAPK)
in chondrosarcoma. Surgical pathological specimens were
collected to detect MMP-1, MMP-13, TIMP-1, type II collagen
and phosphorylated MAPK levels in normal cartilage,
enchondroma and chondrosarcoma tissues. The expression of
MMP-1, MMP-13, TIMP-1 and type II collagen was investi-
gated utilizing MAPK inhibitors in chondrosarcoma cells. It
was noted that the expression levels of MMP-1, MMP-13 and
TIMP-1 were increased in chondrosarcoma with the activity
of MAPK. After chondrosarcoma cells were pretreated
with MAPK inhibitors, the levels of MMP-1, MMP-13 and
TIMP-1 were inhibited. Furthermore, MMP-1 and MMP-13
are essential in regulating the degradation of type II collagen
and decomposing cartilage matrix major. The high expression
levels of MMP-1 and MMP-13 in chondrosarcoma expedite
the invasion by chondrosarcoma cells and their expression can
be depressed by MAPK inhibitors.

Introduction

Cartilage tumors are a common type of bone tumor and the
second most prevalent primary skeletal tumors (1,2). The main
cartilage tumors include osteochondroma, enchondroma, chon-
droblastoma, chondromyxoid fibroma and chondrosarcoma.
Chondrosarcoma is a malignant cartilage tumor, highly resistant
to conventional chemotherapy and radiotherapy, and commonly
surgical resection is the only effective treatment (3,4). Due to
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the absence of an effective adjuvant therapy, this mesenchymal
malignancy has a poor prognosis. The invasion and metas-
tasis mechanism of malignant tumors is a complex process,
which includes decomposing the extracellular matrix (ECM),
degrading the basal membrane and invading lymphatic and
blood vessels. Chondrosarcoma invades and metastasizes
through this mechanism (5) and inhibiting the ability of chon-
drosarcoma cells to decompose ECM can prohibit the relapse
and metastasis of chondrosarcoma.

Matrix metalloproteinases (MMPs) and tissue inhibitors
of matrix metalloproteinases (TIMPs) serve a significant role
in decomposing the ECM. Previous studies have reported
that MMPs decompose all components of the ECM (6,7).
According to their structure and substrate specificity they can
be divided into subgroups of collagenases, gelatinases, strome-
lysins, membrane-type MMPs and other MMPs. MMP-1 and
MMP-13 are collagenases, whose biochemical characteriza-
tion is to decompose type I, I and III collagen (8). TIMP-1
is the tissue inhibitor of MMP-1 and MMP-13. It has been
reported that MMPs were highly expressed in some tumor
tissues, such as tumors of the digestive system, the kidneys,
ovaries and lungs (9-11). These tumor cells likely enhance
their invasive capability through MMPs to decompose ECM.
It has been demonstrated that MMP-1 and MMP-13 are highly
expressed in chondrosarcoma (12) and these high expression
levels contribute to the decomposition of type II collagen.

The mitogen-activated protein kinase (MAPK) pathways
are focal points for diverse extracellular stimuli and regulate
the activities of kinases or transcription factors downstream,
thereby influencing gene expression and cellular responses (13).
Three of the most well-known MAPK pathways have been
characterized in detail: Extracellular signal-regulated
kinase 1/2 (ERK1/2), c-jun N-terminal kinases (JNK) and
the p38 pathway (14). MAPK pathways regulate a number of
transcription factors such as activator protein-1 and nuclear
factor-xB, which act independently or in concert to regulate
numerous genes involved in the regulation of urinary plas-
minogen activator (u-PA) and MMP expression (15). Previous
studies have demonstrated that MAPK pathways regulated
MMP expression in breast carcinoma, non-small cell lung
carcinoma and liver cancer, however the association between
MAPK pathways and MMPs in chondrosarcoma remains
unclear (16-18). In the present study, the expression levels of
collagenases (MMP-1 and MMP-13) and MAPK pathways in
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chondrosarcoma specimens and chondrosarcoma cells were
compared on order to investigate whether MAPK-dependent
induction of MMP expression can enhance the invasive capa-
bility of chondrosarcoma by decomposing cartilage matrix.
The present study explored the relative associations between
MAPK pathways and MMPs in chondrosarcoma, and provides
a theoretical basis for curing chondrosarcoma with MAPK
inhibitors.

Materials and methods

Patients and specimen preparation. A total of 79 histologi-
cally examined surgical specimens were obtained from the
patients of the Third Hospital of Hebei Medical University
(Shijiazhuang, China) between 2012 and 2014, after approval
by the ethics committee of the Third Hospital of Hebei Medical
University. All specimens were divided into three groups
according to degree of malignancy: Normal cartilage tissue
(n=17), enchondroma tissue (n=25) and chondrosarcoma tissue
(n=37). The tissue specimens were obtained from surgical and
pathological records at the hospital. Enchondroma tissue was
obtained from 15 male and 10 female patients (age, 34-62 years;
mean age, 48 years). Chondrosarcoma tissue was obtained
from 21 males and 16 females patients (age, 38-72 years; mean
age of 56 years). Specimens of normal cartilage tissue were
obtained from knee joints of patients. Fresh pathological spec-
imens were stored in an ultra-low temperature freezer before
western blotting and reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR). All specimens were fixed
in 4% paraformaldehyde in 0.01 mol/l phosphate-buffered
saline (PBS) before embedding in paraffin wax.

Cell culture. The human chondrosarcoma cell line (SW1353)
was obtained from the American Type Culture Collection
(Manassas, VA, USA). The cells were cultured in Dulbecco's
modified Eagle's medium and a-modified Eagle's medium
supplemented with 10% fetal bovine serum and maintained
at 37°C in a humidified atmosphere of 5% CO,. The cells
were incubated for 48 h and were pretreated with the ERK1/2
inhibitor, U0126 (10 gmol/l; Sigma-Aldrich; Merck Millipore,
Darmstadt, Germany), JNK inhibitor, SP600125 (20 gmol/l;
Sigma-Aldrich; Merck Millipore) and p38 inhibitor, SB203580
(10 pmol/l; Sigma-Aldrich; Merck Millipore) (19). All the
compounds were dissolved in dimethyl sulfoxide (Me,SO).

Immunohistochemistry. Paraffin wax-embedded renal tissue
sections (4 ym) were dewaxed with xylene and rehydrated in
graded ethanol solutions. Endogenous horseradish peroxidase
activity was blocked by pretreatment with 3% H,O, for 10 min
at room temperature. Antigen recovery was performed using
a microwave. To block nonspecific binding, the sections were
incubated at 37°C for 30 min in PBS containing 10% goat
serum. Finally, the sections were incubated with rabbit poly-
clonal antibodies against MMP-1 (catalog no. sc-8834; 1:50;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), MMP-13
(catalog no. sc-30073; 1:100; Santa Cruz Biotechnology, Inc.),
TIMP-1 (catalog no. bs-0415R; 1:50; Bioss Biotechnology,
Beijing, China) and type II collagen (catalog no. sc-28887; 1:50
dilution; Santa Cruz Biotechnology, Inc.), overnight at 4°C. On
the following day, after incubation with the PV-9000 Polymer

YAO et al: MMPs ARE DEPENDENT ON MAPK IN CHONDROSARCOMA

Detection System (OriGene Technologies, Inc., Beijing,
China), the sections were stained with 3,3-diaminobenzidine
and counterstained with hematoxylin. Negative controls were
obtained by replacing the primary antibody with PBS.

Western blot analysis. Pathological specimens and SW1353
cells were lysed and protein concentrations were measured by
Coomassie brilliant blue assay. Proteins were loaded and sepa-
rated on a 10% SDS-polyacrylamide gel and then transferred
to a polyvinylidene difluoride membrane. The membrane was
blocked with 5% dried milk and incubated overnight at 4°C
with rabbit anti-MMP-1 (1:200), MMP-13 (1:500) TIMP-1
(1:200), type II collagen (1:200) phosphorylated (p)-ERK1/2
(catalog no. sc-101760; 1:100; Santa Cruz Biotechnology, Inc.),
ERK1/2 (catalog no. 4695; 1:200; Cell Signaling Technology,
Inc., Danvers, MA, USA), p-JINK (catalog no. sc-135642;
1:100; Santa Cruz Biotechnology, Inc.), INK (catalog no. 9252;
1:200; Cell Signaling Technology, Inc.), p-p38 (catalog
no. 4511; 1:200; Cell Signaling Technology, Inc.), p38 (catalog
no. sc-7149; 1:100; Santa Cruz Biotechnology, Inc.) and B-actin
(catalog no. bs-0061R; 1:1,000; Bioss Biotechnology). After
washing, the membrane was incubated with a horseradish
peroxidase-conjugated chemiluminescent secondary antibody
(catalog no. NA932; 1:1,000; GE Healthcare Bio-Sciences,
Pittsburgh, PA, USA). Proteins were quantified following
acquisition and analysis of the image using the LabWorks
software, version 4.5, with the UVP Imaging Station, (UVP,
Inc., Upland, CA, USA). Protein expression was quantified by
comparison with the internal control [3-actin.

RT-qPCR. Total RNA was collected using TRIzol Reagent
(Sigma-Aldrich; Merck Millipore) following the manufactur-
er's protocol. RNA (1 ug) was reverse transcribed using the
oligo (dT) primer in the presence of avian myeloblastosis virus
reverse transcriptase to produce cDNA. Successful cDNA
production was verified by PCR using the PCR Master Mix
(Eppendorf North America, Westbury, NY, USA). The primers
were supplied as a pre-optimized single tube primer/probe
Gene Expression Assay (Applied Biosystems; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The two oligonucleotide
primers were: Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), forward 5'-ACCACAGTCCATGCCATCAC-3' and
reverse 5'-TCCACCACCCTGTTGCTGTA-3"; MMP-1,
forward 5-AAGCCAGATGCTGAAACCCTG-3' and reverse
5'-GACCCTTGGAGACTTTGGTGAAT-3'; MMP-13,
forward 5“TTGACCACTCCAAGG ACCCAG-3' and reverse
5'-GAGGATGCAGACGCCAGAAGA-3"; TIMP-1, forward
5'-ACAGGTTTCCGGTTGG-3' and reverse 5'-CAGGCA
GGCAAAGTGAT-3". Each PCR cycle was conducted for
33 cycles of 30 sec at 94°C, 30 sec at 55°C and 1 min at 68°C.
The PCR products were then separated electrophoretically in
a 2% agarose DNA gel and stained with ethidium bromide;
PCR reactions were set up with Tagman Universal PCR Master
Mix from Applied Biosystems (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). cDNA was amplified on the 7900HT
Sequence Detection System (Applied Biosystems; Thermo
Fisher Scientific, Inc.) at default thermal cycling conditions:
2 min at 50°C, 10 min at 95°C for enzyme activation and then
40 cycles of 15 sec at 95°C for denaturation and 1 min at 60°C
for annealing and extension. Results were analyzed using the
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Figure 1. Protein expression of MMP-1, MMP-13, TIMP-1 and type II collagen in chondrosarcoma by immunohistochemistry (magnification, x100). MMP,

matrix metalloproteinase; TIMP, tissue inhibitor of matrix metalloproteinase.

relative standard curve method of analysis/ACq method of
analysis (20).

Statistical analysis. Data were expressed as the mean + stan-
dard deviation and were analyzed using one-way analysis of
variance with Bonferroni's post hoc test by SPSS software
version 13.0 (SPSS, Inc., Chicago, IL, USA). In all cases, P<0.05
was considered to indicate a statistically significant difference.

Results

Expression of MMP-1, MMP-13, TIMP-1 and type II collagen
in pathological specimens. Immunohistochemical results
(Fig. 1) demonstrated the protein expression of MMP-1,
MMP-13, TIMP-1 and type II collagen in the cytoplasm of
chondrosarcoma cells. Their protein levels were evaluated in
human normal cartilage, enchondroma, and chondrosarcoma
tissues by western blotting (Fig. 2A and B). Analysis of protein
levels indicated a significant increase of MMP-1 and TIMP-1
protein in the enchondroma compared with cartilage tissue
(P<0.01). No change of MMP-13 and type II collagen protein
expression was identified in enchondroma and cartilage tissues
(P>0.05). The protein expression of MMP-1, MMP-13 and
TIMP-1 in chondrosarcoma was significantly higher than that
in enchondroma (P<0.01). Chondrosarcoma tissues exhibited a
decreased type II collagen level compared with that of enchon-
droma (P<0.01). RT-qPCR demonstrated similar changes of
MMP-1, MMP-13, TIMP-1 and type II collagen mRNA in
normal cartilage, enchondroma and chondrosarcoma tissues
(P<0.01; Fig. 2C).

Expression of MAPK in chondrosarcoma specimens. The acti-
vation of ERK1/2, JNK and p38 was detected with antibodies
against the phosphorylated forms of the kinases by western
blotting (Fig. 3). The protein levels of p-ERK1/2 and p-p38 in
chondrosarcoma were significantly increased compared with
those in enchondroma and cartilage tissues (P<0.01). The differ-
ence in protein expression between enchondroma and cartilage
tissues was not observed as significant (P>0.05). No activation
of INK was detected in pathological specimens (P>0.05).

Activation of ERK1/2 and p38 in human chondrosarcoma
cells. Activation of ERK1/2 and p38 was identified in chon-
drosarcoma pathological specimens. Western blot analysis
(Fig. 4) indicated that p-ERK1/2 and p-p38 had higher
expression levels in SW1353 cells. With an ERK1/2 inhibitor
(U0126) and a p38 inhibitor (SB203580), activation of ERK1/2
and p38 was significantly inhibited (P<0.01). Activation of
JNK was not detected in SW1353 cells, whether pretreated
by JNK inhibitor (SP600125) or not (P>0.05).

Expression of MMP-1, MMP-13, TIMP-1 and type Il
collagen in human chondrosarcoma cells is dependent on
MAPK activity. The present study identified higher expres-
sion levels of MMP-1, MMP-13 and TIMP-1 in clinical
chondrosarcoma specimens together with lower levels of
type II collagen, and with the activation of ERK1/2 and
p38. Subsequently, the specific roles of ERK1/2 and p38
pathways in the regulation of the expression of MMP-1,
MMP-13, TIMP-1 and type II collagen were investigated by
utilizing two selective chemical inhibitors; U0126 to block
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Figure 2. Expression of MMP-1, MMP-13, TIMP-1 and type II collagen in normal cartilage, enchondroma and chondrosarcoma tissues. (A and B) The protein
expression of MMP-1, MMP-13, TIMP-1 and type II collagen were analyzed using western blotting. (C) The mRNA levels of MMP-1, MMP-13, TIMP-1
and type II collagen were detected using reverse transcription-quantitative polymerase chain reaction. Data are expressed as the mean + standard deviation.
“P<0.01 vs. cartilage tissue. ”P<0.01 vs. enchondroma tissue. MMP, matrix metalloproteinase; TIMP, tissue inhibitor of matrix metalloproteinase.
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Figure 3. Expression of mitogen-activated protein kinase protein levels in normal cartilage, enchondroma and chondrosarcoma tissues. The protein expression
of p-ERK1/2, ERK1/2, p-INK, JNK, p-p38 and p38 was analyzed using (A) western blotting with (B) the quantification presented. Data are expressed as the
mean = standard deviation. “P<0.01 vs. cartilage tissue. p-, phosphorylated; ERK1/2 extracellular signal-regulated kinase 1/2; JNK, c-jun N-terminal kinase.
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the ERK1/2 pathway and SB203580 to inhibit p38 activity.
Western blot analysis (Fig. SA and B) detected that ERK1/2
and p38 inhibitors decreased MMP-1, MMP-13 and TIMP-1
protein expression (P<0.01). However, ERK1/2 and p38
inhibitors increased type II collagen protein level (P<0.01).
RT-qPCR (Fig. 5C) indicated similar results for MMP-1,
MMP-13, TIMP-1 and type II collagen mRNA expression
(P<0.05 or P<0.01).

Discussion
Unlike osteosarcoma and Ewing's sarcoma, for which clear

increases in long-term survival have been observed as the
result of the use of systemic chemotherapy, chondrosarcoma

has a poor prognosis due to the absence of an effective adju-
vant therapy (21,22). Therefore, it is important to develop an
effective adjuvant therapy to prevent chondrosarcoma metas-
tasis. Enzymatic degradation of ECM is one of the crucial
steps in tumor invasion and metastasis. MMPs are a family of
structurally associated zinc-dependent neutral endopeptidases
that are collectively capable of degrading essentially all ECM
components, and they are suggested to serve an important role
in ECM degradation in tumor invasion. Each type of MMP
degrades a specific component of the ECM (23,24).

TIMPs are a family of multifunctional agents, including
TIMP-1, TIMP-2, TIMP-3 and TIMP-4, which are a
group of proteinase inhibitors secreted by in vivo cells that
can produce a marked effect on various tumor types by
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protein kinase.

inhibiting MMPs (25,26). Previous studies have demonstrated
the different expression of MMPs in various types of tumor
tissue (27,28). The results of the present study demonstrated
that enchondroma had a higher expression level of MMP-1
compared with that of normal cartilage tissue, which suggests
that in benign cartilage tumors, certain MMPs have already
been activated. Furthermore, chondrosarcoma tissue and
cells had significantly higher expression levels of MMP-1 and
MMP-13. Chondrosarcoma cells degrade cartilage matrix that
contains type II collagen through the increasing expression
of MMP-1 and MMP-13, which can enhance the invasion and
metastasis of chondrosarcoma cells.

TIMP-1 is the specific inhibitor of MMP-1 and MMP-13,
and its higher expression level can depress their activity. It is
important to maintain the relative level of MMP-1, MMP-13
and TIMP-1 to control the proper degradation of ECM. Certain
in vitro experiments have confirmed that TIMP-1 in malignant
tumor cells can depress the expression activity of MMPs and
tumor invasion (29,30). The expression of type II collagen, the
major component in the structure of cartilage tissue, in chon-
drosarcoma was decreased, which may be associated with the
degradation of MMPs.

ERK1/2 is commonly implicated in cell proliferation,
differentiation and survival (31), whereas p38 is preferentially
activated by inflammatory cytokines, cellular stresses, with-
drawal of growth factors and proapoptotic stimuli (11). Evidence
for the role of MAPKSs in malignant transformation was initially
provided by the observation that constant activation of ERK1/2
by constitutively active Raf or MAPK/ERK kinase 1/2 results
in transformation of the glandular epithelium (32). Furthermore,
previous studies have demonstrated that the ERK1/2 pathway is

activated in renal and breast carcinoma in vivo (33,34), providing
further evidence that the constant activation of ERK1/2 is
involved in the malignant transformation of cells. However,
the consequences of ERK1/2 activation are cell specific, as
demonstrated by the observation that constant activation of the
ERK1/2 cascade by Raf can cause growth arrest in small cell
lung carcinoma cells (35). An additional study demonstrated
that p38 elevated the u-PA expression level and promoted breast
carcinoma invasion (36). Miao et al (37) demonstrated that p38
can encourage colon carcinoma cell line proliferation, further
influencing MMPs levels and ECM degradation. The results of
the present study also demonstrated activation of ERK1/2 and
p38 in chondrosarcoma tissue and cells. MMP-1, MMP-13 and
TIMP-1 overexpression were inhibited by a selective ERK1/2
inhibitor U0126 and a selective p38 inhibitor SB203580,
indicating that ERK1/2 and p38 activities were essential for
the induction of MMP-1, MMP-13 and TIMP-1 expression.
Furthermore, type II collagen expression was increased by
U0126 and SB203580. However, activation of the JNK pathway
was not essential for enhancement of MMP-1, MMP-13 and
TIMP-1 expression in chondrosarcoma. The results indicated
that inhibition of the activity of distinct MAPKs may serve as
a potent method to inhibit MMPs and increase type II collagen
expression in chondrosarcoma.

The present study demonstrated that expression of MMP-1
and MMP-13 is dependent on the activity of MAPK pathways
in the succession of chondrosarcoma invasion and metastasis,
and has provided the theoretical basis for chondrosarcoma
therapy with MAPK inhibitors. The identification of targets to
inhibit ECM degradation by MMPs will aid in the treatment
of chondrosarcoma.
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