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Abstract

BACKGROUND: The extracellular matrix (ECM) has many functions, such as segregating tissues, providing support, and
regulating intercellular communication. Cartilage-derived ECM (CECM) can be prepared via consecutive processes of
chemical decellularization and enzyme treatment. The purpose of this study was to improve and treat osteoarthritis (OA)
using porcine knee articular CECM.

METHODS: We assessed the rheological characteristics and pH of CECM solutions. Furthermore, we determined the
effects of CECM on cell proliferation and cytotoxicity in the chondrocytes of New Zealand rabbits. The inhibitory effect of
CECM on tumor necrosis factor (TNF)-a-induced cellular apoptosis was assessed using New Zealand rabbit chondrocytes
and human synoviocytes. Finally, we examined the in vivo effects of CECM on inflammation control and cartilage
degradation in an experimental OA-induced rat model. The rat model of OA was established by injecting monosodium
iodoacetate into the intra-articular knee joint. The rats were then injected with CECM solution. Inflammation control and
cartilage degradation were assessed by measuring the serum levels of proinflammatory cytokines and C-telopeptide of type
II collagen and performing a histomorphological analysis.

RESULTS: CECM was found to be biocompatible and non-immunogenic, and could improve cell proliferation without
inducing a toxic reaction. CECM significantly reduced cellular apoptosis due to TNF-o, significantly improved the survival
of cells in inflammatory environments, and exerted anti-inflammatory effects.

CONCLUSION: Our findings suggest that CECM is an appropriate injectable material that mediates OA-induced
inflammation.
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Arthritis is a term used to describe all types of inflamma-
tion that affect joints. Arthritis chronically causes non-
specific inflammatory reactions in various joints, resulting
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provide mental stability by helping patients understand the
attributes of the disease, reduce pain, maintain joint func-
tion, and prevent deformation [5, 6]. Injecting medicines
into the patient’s knee should prevent the progression of
OA and improve patient quality of life by controlling
inflammation [7].

Extracellular matrix (ECM) has been used in various
studies as a treatment for OA. Treatment with biologics
comprising ECM is an important option in regenerative
medicine for tissue reconstruction. Studies have reported
pain relief, inflammation control, and cartilage damage
suppression in OA-induced animals administered ECM
[8-10]. Notably, the cells and genetic material contained in
the ECM can be chemically and physically removed
[11, 12]. The ECM has many functions, such as segregating
tissues, providing support, and regulating intercellular
communication. It also binds to a wide range of cell growth
factors and serves as a local repository for cells [13]. The
ECM thus serves as a biologically active scaffold that
affects cell differentiation, proliferation, survival, polarity,
and migration [14—17]. ECM derived from different tissues
has distinct characteristics as the structure and function of
each tissue are very specific. The cartilage tissue has a
relatively high collagen and proteoglycan content and low
ratio of cells-to-ECM, but brain tissue contains much little
collagen and proteoglycan and much higher ratio of cells-
to-ECM. [18] Porcine knee joint cartilage-derived ECM
(CECM) has a high affinity and complexity with cells. The
CECM consists of a variety of molecules and includes
collagen family of proteins, glycosaminoglycans (GAGs),
elastic fibers, adhesive glycoproteins, and proteoglycans.
CECM may affect cell function through harboring growth
factor-binding proteins or growth factors. Currently, vari-
ous medical engineering applications of CECM are being
explored [19].

Monosodium iodoacetate (MIA) is an inhibitor of
glyceraldehyde-3-phosphate dehydrogenase activity. Inhi-
bitors of glycolysis have been shown to induce chondrocyte
death in vitro [20]. Previously, MIA was used to induce OA
in experimental animals. Injection of MIA into the knee
joint of an experimental animal causes damage to the
cartilage and subchondral bone and high levels of proin-
flammatory cytokines, such as tumor necrosis factor
(TNF)-a., interleukin-(IL)1B, and IL-6, as seen in human
OA joints [21, 22]. These findings indicate that proin-
flammatory cytokines can be used as indicators of OA
induction in experimental animals. Studies are constantly
being conducted to identify anti-osteoarthritic effects by
analyzing proinflammatory cytokines (TNF-a, IL-1pB, and
IL-6) in the serum of animals. TNF-o is known to induce
apoptosis and inflammation. TNF-a causes the collagen
network to collapse, resulting in chondrocyte death [23].
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The purpose of this study was to identify the potential of
CECM solution as an injectable treatment for OA. CECM
has been shown to promote the regeneration of tissue
defects through several mechanisms. Furthermore, remod-
eling of the CECM film was demonstrated to improve
hyaline cartilage tissue formation in canine models of
cartilage defects [22]. Exposing chondrocytes to the CECM
promotes neocartilage formation and cartilage zone-speci-
fic gene expression [24]. CECM has been used to repair
cartilage by administering IL-4 [25]. CECM has also been
used to inhibit blood vessel formation in rabbit corneas
[26]. Notably, CECM is easily degradable in animals
[19, 27].

Owing to its immunomodulatory and anti-angiogenic
properties, CECM is an attractive treatment for OA
because OA is now considered to progress owing to cyto-
kine secretion, immune cell infiltration, and excessive
inflammation [28-30]. We studied the basic properties of
CECM, such as its rheological characterization, compres-
sive syringe force, and pH, and its effects on the prolifer-
ation and cytotoxicity of chondrocytes in vitro. We also
determined whether CECM could inhibit TNF-a-induced
apoptosis of chondrocytes and synoviocytes in vitro, and
the ability of CECM to control inflammation and protect
against cartilage damage in a rat model of OA. Collec-
tively, the results revealed a positive effect of CECM
treatment on cartilage integrity in vivo and reduced
expression of several proinflammatory cytokines and
C-telopeptide of type II collagen (CTX-II).

2 Materials and methods
2.1 Preparation of the CECM solution

The CECM was extracted using previously described
protocols [18, 30]. Briefly, porcine knee joint cartilage
sections were obtained from the hind legs of market pigs
under sterile conditions. After the adherent soft tissues
were removed, the cartilage slices were washed with
phosphate-buffered saline (PBS; WelGENE, Gyeongsan,
Korea), freeze-dried, and pulverized using an auto cryo-
genic sample crusher at — 190 °C. For decellularization,
the resultant cartilage powder was treated with hypotonic
buffer (10 mM Tris—HCI, pH 8.0) for 4 h, 0.5% sodium
dodecyl sulfate in Tris-buffered saline (10 mM NaCl, pH
7.6) for 2 h, and DNase (6000 U, Roche, Basel, Switzer-
land) for 15 h. The decellularized cartilage was treated
with 0.5 M HCI and 0.1% pepsin (2500 U/mg, Sigma-
Aldrich, St. Louis, MO, USA) and stirred for 24 h. The
solution was neutralized to pH 7.6 and dialyzed using a 2
kD dialysis membrane for 24 h. The obtained CECM was
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dissolved in 0.9% saline to yield 1%, 2%, and 4% CECM
solutions.

2.2 Rheological characterization

The rheological properties of the CECM solution were
determined by an oscillatory frequency sweep test using a
hybrid rheometer (HR-2, New Castle, DE, USA). For each
sample, 0.3 mL of the CECM solutions was placed
between parallel plates (80 mm in diameter) with a gap
distance of 250 um. The temperature was maintained at
37 °C using a Peltier temperature controller. Dynamic
frequency sweeps of the different concentrations of the
CECM solutions (1%, 2%, and 4%) were performed from
0.01 of 100 Hz. All measurements were repeated three
times for each sample, and the reported data represent the
average value of the replicates.

2.3 Relationship between pH and CECM
concentration

The pH of the CECM solution was measured using a pH
meter (HORIBA Scientific, Kyoto, Japan). After filling
each chamber with the CECM solution, the electrode was
immersed in the solution to ensure electrical contact. All
measurements were repeated three times for each sample,
and the reported data represent the average value of the
replicates.

2.4 Cell culture

New Zealand rabbit chondrocytes (CLOUD-CLONE
CORP, Houston, TX, USA) and human synoviocytes
(SW982; ATCC, Manassas, VA, USA) were used in this
study. The cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM; Grand Island, NY, USA) con-
taining 10% fetal bovine serum (FBS; Grand Island, NY,
USA) and antibiotic—antimycotic at 37 °C in a 5% CO,
incubator. The cells were then maintained and grown in
150 mm cell culture dishes at 80-90% confluence before
cell detachment and subculture. After washing with PBS,
the cells were incubated in 3 mL trypsin-ethylenedi-
aminetetraacetic acid (trypsin, EDTA) for 5 min at 37 °C
in a CO, incubator. Thereafter, the cell suspensions were
centrifuged for 10 min at 4 °C and 1000 rpm. Subse-
quently, the cell pellet was resuspended in DMEM, and the
seed density was controlled using a hemocytometer and a
microscope.

2.5 Live/dead assay

The cytotoxicity of CECM was determined using a via-
bility kit assay (Live/Dead® Viability/Cytotoxicity Kit,

Invitrogen, Carlsbad, CA, USA). Briefly, 200 pL of the
chondrocyte cell suspension was seeded into each confocal
dish (SPL, Pocheon, Korea) at a final concentration of
approximately 5 x 10* cells/mL. After 48 h of cell stabi-
lization, media containing 1%, 2%, and 4% CECM were
added to the dishes for 7 days. At the end of the treatment
period, the dishes were washed with PBS. Thereafter, 1 puL
calcein acetoxymethyl (Calcein AM) and 2 pL ethidium
homodimer-1 (EthD-1) were added. After a brief incuba-
tion of 1 h at 37 °C, the cells were visualized using a laser
scanning confocal microscope. The live cells showed green
fluorescence owing to calcein AM dye, whereas dead cells
showed red fluorescence owing to EthD-1 staining.

2.6 Cell proliferation assay

The effects of CECM on chondrocyte proliferation were
investigated using a water-soluble tetrazolium salt (WST)
assay (EZ-cytox, DoGenBio, Seoul, Korea). Approxi-
mately 5 x 10° cells/well were seeded in 48-well plates at
48 h before treatment and exposed to 1%, 2%, and 4%
CECM for different time periods (ranging from 1 to
7 days). After treatment completion, each well was washed
with PBS and fresh DMEM, and 20 pL. of WST-assay
reagent was added. After incubation for 1 h at 37 °C, the
absorbance was measured at 450 nm.

2.7 Treatment with TNF-o and CECM

The effects of CECM on the inhibition of chondrocyte and
synoviocyte apoptosis induced by rabbit TNF-o (R&D
Systems, Minneapolis, MN, USA) and human TNF-a
(R&D Systems, Minneapolis, MN, USA), respectively,
were investigated using WST-assay. Approximately,
5 x 10% cells/well were seeded in 48-well plates at 48 h
before treatment with 1%, 2%, and 4% CECM and a range
of concentrations (from 0.6 to 60 ng/mL) of three TNF-a
for the next 7 days. After treatment completion, each well
was washed with PBS and fresh DMEM, and 20 pL of
WST-assay reagent was added. After incubation for 1 h at
37 °C, the absorbance was measured at 450 nm.

2.8 Animals and injection of CECM

Sprague Dawley rats (male, 6 weeks old) were used in this
study. The rats were provided by the Institutional Animal
House and reared under standard environmental conditions,
with a 12 h light/dark cycle at 20 &+ 3 °C and 55 £+ 10%
humidity. All rats were fed a standard diet and water
ad libitum. To reduce any potential stress, the animals were
reared in solid bottom cages (three per cage). All rats
underwent a 7-day adaptation period. The rats were ran-
domly divided into normal (n = 4), OA control (n = 6),
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and OA control injected with 1%, 2%, and 4% CECM
(n = 6 each) groups.

To induce OA, the right hind knees of the rats were
shaved following anesthesia using isoflurane. For all
groups of rats, except for Group I, a single injection of
MIA (3 mg/50 pL) was administered into the articular
cavity on day 7. Group I rats received an equivalent vol-
ume of saline via injection. All rats in Groups III-V
received 100 pL of CECM via injection 2 weeks after MIA
injection. Rats in Groups I and II received an equivalent
volume of saline via injection. All rats were sacrificed
using carbon dioxide gas 28 days after the first MIA or
saline injection.

2.9 Measurement of the proinflammatory cytokines
and CTX-II levels in serum

Rats were anesthetized with isoflurane and blood samples
were collected from the heart. The blood samples were
allowed to clot for 1 h on ice and centrifuged at
1,200 x g for 10 min at 4 °C. The supernatant was
obtained and stored at — 20 °C until use. The serum levels
of proinflammatory cytokines, including TNF-oo (Invitro-
gen), IL-1B (R&D Systems), and IL-6 (Invitrogen), and
cartilage degeneration mediators, such as CTX-II
(MyBioSource, San Diego, CA, USA), were determined
using enzyme-linked immunosorbent assay (ELISA) Kkits,
according to the manufacturer’s recommendations.

2.9.1 Histological examination

Histological changes were investigated to confirm the
effects of CECM on cartilage damage in the knee joints of
MIA-induced OA rats. Knee samples were fixed in 10%
formalin for 5 days at 4 °C and decalcified in 5% nitric
acid for 2 days at 4 °C. Following decalcification, the
samples were dehydrated and embedded in paraffin. Micro-
Sects. (10 pum) were stained with hematoxylin and eosin
(H&E) and safranin O-fast green. Terminal deoxynu-
cleotidyl transferase dUTP nick end labeling (TUNEL)
assay was performed manufacturer’s protocol (Abbkine,
Wuhan, China).

2.9.2 Statistical analysis

The results are expressed as mean =+ standard deviation for
at least three separate data points for each group. The
statistical significance of the differences between two
groups was evaluated using the Student’s #-test for pairwise
comparisons or one-way analysis of variance (ANOVA)
followed by a Tukey post hoc test. Statistical significance
was set at p < 0.05.
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3 Results
3.1 Characterization of the CECM solution

Flow behavior is important for fabricating injectable OA
therapies as is the characterizing of these solutions,
including their long-term behavior in the knee and
injectability. Figure 1 shows the " for CECM solutions as
a function of the oscillation frequency (0.01-100 Hz). All
CECM solutions were found to display a shear thinning
flow behavior as 1" decreased approximately linearly with
increasing frequency. At 0.01 Hz, the 0" values of the 1%,
2%, and 4% CECM solutions were 1.95, 20.26, and
73.73 Pa.s, respectively. Therefore, a high concentration of
the CECM solution resulted in a high n". Similar obser-
vations were obtained under other selected frequencies,
such as 0.1, 1, 10, and 100 Hz. The results for the pH of the
CECM solutions are shown in Table 1. The pH values of
the 1%, 2%, and 4% CECM solutions were 6.86, 6.95, and
7.03, respectively. Thus, the higher the concentration of
CECM, the slightly higher was the pH value.

3.2 Cytotoxic effects of CECM on the proliferation
of chondrocytes

The microscopic images of cells on a confocal dish fol-
lowing treatment with fluorescent dyes are presented in
Fig. 2A-D. The images show live (green)/dead (red) cells

100 g
E —{—CECM 1%

—4&— CECM 2%
—O—CECM 4%

10§

n* (Pa.S)

0.01

0.001
0.01 0.1 1 10 100

Frequency (Hz)

Fig. 1 Rheological analysis of concentration of CECM solutions. The
complex viscosity n* value for the CECM solutions is presented as a
function of oscillation frequency (0.01-100 Hz)
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Table 1 Relationship between

cartilage-derived extracellular Sample pH
matrix (CECM) concentration CECM 1% 6.86 + 0.021
and pH
CECM 2% 6.95 £+ 0.021
CECM 4% 7.03 £ 0.029

The mean of values is presented

staining results with (A) fresh media, (B) CECM 1%,
(C) CECM 2%, and (D) CECM 4% at 7 days. Figure 2E
shows the percentage of live cells after 7 days of incuba-
tion with fresh media with or without various concentra-
tions of CECM. The percentages of live cells in the media
(only fresh media), CECM 1%, 2%, and 4% groups were
86.5%, 87.2%, 84.7%, and 87.6%, respectively. When the
percentages of live cells in the control and 1%, 2%, and 4%
CECM solutions were compared, no significant differences
were found. The proliferation results revealed significant
increases in proliferation rates after 7 days of exposure to
CECM with respect to the media group (only fresh media).
The proliferation rate was found to be dependent on the
concentration of CECM. In addition, the proliferation rate
of the 4% CECM solution increased by 70.0% compared to
that of the media group on day 7 (Fig. 3).

3.3 Effects of CECM on the TNF-a-induced
apoptosis of chondrocytes and synoviocytes

As shown in Fig. 4A and B, various doses of TNF-ao were
initially used to induce a dose-dependent cell death

Media

CECM 2%

CECM 4%

Fig. 2 Cell viability fluorescent images by treated CECM solutions.
Cells stained green owing to the “Live” calcein AM dye and those
stained red owing to the “Dead” ethidium homodimer-1 dye were
recorded after excitation with laser light. Chondrocytes after

250%
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Fig. 3 Effect of CECM concentration on the in vitro proliferation of
rabbit chondrocytes. The p-value is based on a comparison between
the media group (non-treated CECM) and CECM 1%, 2%, and 4%
groups (*p < 0.05, **p < 0.01, and ***p < 0.001, using one-way
ANOVA)

response in the media group (only fresh media). When
60 ng/mL. TNF-o was administered, the cell viability of
chondrocytes and synoviocytes was 72.7% and 85.4%,
respectively. Under similar conditions, 1%, 2%, and 4%
CECM solutions inhibited TNF-a-induced apoptosis of
chondrocytes. However, CECM did not exhibit an inhibi-
tory effect on the TNF-induced apoptosis of synoviocytes.
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80
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% Cells

@Live cells

Media

CECM 1% CECM2% CECM4%

incubation for 7 days in A 0%, B 1%, C 2%, and D 4% 0% A, 1%
B, 2% C, and 4% D CECM media. E The black portion of each bar
represents the percentage of live cells. Scale bars, 100 pm
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Fig. 4 Effect of CECM concentration in TNF-o.. Chondrocytes A and
synoviocytes B were treated with different concentrations of TNF-a
(0.6-60 ng/mL) and CECM (1%, 2%, and 4%) for 36 h. The p-value
is based on a comparison between the media group (non-treated
CECM) and the CECM 1%, 2%, and 4% groups treated with the same
concentration of TNF-ao (*p < 0.05, **p < 0.01, and ***p < 0.001,
using one-way ANOVA)

3.4 Expression of proinflammatory cytokines
and degenerative marker in animals with OA

The effects of CECM on proinflammatory cytokines and
degenerative marker levels in the serum of OA-induced
rats were determined using ELISA. As shown in Fig. 5, the
serum levels of TNF-a, IL-1B, IL-6, and CTX-II in rats
injected with MIA increased by 184.3%, 1144.9%, 141.6%,
and 53.6%, respectively, compared to those in rats injected
with the control. This result suggests that MIA-induced
inflammation and cartilage degeneration occur in the joint.
The MIA-induced increase in proinflammatory cytokines
and CTX-II levels was effectively suppressed by CECM
treatment. In fact, the levels of TNF-a, IL-1f, IL-6, and
CTX-II were decreased by 29 — 36.5%, 33.8 — 40.6%,
294 — 41.7%, and 20.9 — 31.4%, respectively, in the
CECM-treated groups compared to the MIA-injected
groups. However, dose-dependent differences were not
observed. The serum level of IL-6 was also found to sig-
nificantly decrease in the 2% CECM group.

3.5 Histological analysis of knee cartilage
To assess the chondroprotective effect of CECM, knee

joints from each treatment group were isolated after the
animals were sacrificed for microscopic analysis. Staining
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revealed normal cellularity and smooth articular cartilage
in the control group. However, the knee joints from MIA-
induced OA rats exhibited apparent hypocellularity and
massive proteoglycan loss. These histomorphological
changes in the knee joint were significantly reduced in the
CECM-treated OA rats. H&E and safranin O-fast green
staining revealed that CECM prevented MIA-induced
cartilage surface irregularity (Fig. 6A-D). TUNEL assay
results indicate that the control group did not detect
chondrocyte death. In contrast, the MIA-induced OA
model showed the clear cell death in the cartilage area.
Interestingly, the 2% and 4% CECM groups exhibited few
positive fluorescence signals, although the 1% CECM
group marginally detected cell death in the cartilage area.
(Fig. 6E).

4 Discussion

ECM biomaterials, such as CECM, are an attractive ther-
apy for OA disease modification owing to their demon-
strated regenerative capabilities in canine models [22]. As
a suitable treatment for OA is currently unavailable and
because CECM has shown promise in other degenerative
diseases and musculoskeletal defects, we sought to explore
its potential to treat OA in a rat model and in rabbit and
human cells.

The rheological properties of a material are crucial for
its administration via injection, its residence time within
the articular cavity, and the appropriate function of the
joint after injection. The shear response of the three CECM
concentrations revealed the shear thinning flow behavior.
Walking motion and running motion are appropriate for
frequencies of 0.5 and 2.5 Hz, respectively [31]. Based on
the rheological characterization of CECM compared to
currently available hyaluronic acid products in the USA,
1%, 2%, and 4% CECM solutions are similar to Hyalgan®,
Supartz®, and Monovisc®, respectively, at 0.5 and 2.5 Hz
[31, 32]. The safe pH range for injection into the body,
providing the solutions are not appropriately buffered, is
4.5-8.0. The closer the pH of a material is to the upper and
lower limits of this pH range, the more likely it is to cause
irritation and discomfort at the injection site [33]. As the
pH of the CECM is very close to neutral, side effects,
owing to pH, will be very unlikely.

As a naturally sourced ECM that is intended for use as a
biomaterial, the cytotoxicity and immunogenicity of
CECM may be of concern as heterologous proteins may be
cytotoxic and immunogenic and can be accompanied by
serious consequences. Collagen accounts for the highest
proportion of CECM [19]. The immunogenicity and anti-
genicity of collagen are closely related to its purity and
structure. Structurally, the telopeptides located in the
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immunodominant epitope and non-helical terminal regions
within the o chain may result in irregular immune
responses [34]. However, the telopeptides can be removed
using the pepsin digestion method, and the epitope is
determined by a specific amino acid sequence. The
258-272 amino acids of human type II collagen have been
demonstrated to behave as important immunodominant
epitopes [35, 36], and they can be perceived immunologi-
cally when treated under pathological conditions. Never-
theless, if there is any change in the above-mentioned
amino acid sequence, the immunodominant epitope is
destroyed [37]. In addition to the risk of creating a
pathological immune response, some animals have been
found to share the same immunodominant epitope in this
sequence as human type II collagen [35, 38]. The break-
down of cartilage tissue during OA is related to the loss of
ECM and chondrocyte death [39]. Our results indicated
that CECM has low cytotoxicity to chondrocytes. In
addition, CECM positively affected chondrocyte prolifer-
ation. However, LIVE/DEAD proliferation assays showed
only chondrocytes derived from a rabbit; therefore, dif-
ferent species, specifically human cells, should be assessed
to delineate the effects of CECM.

Cell death is a basic cellular response that plays an
important role in regulating tissue homeostasis by remov-
ing unwanted cells and shaping most animals during
development. Three main types of death have been repor-
ted based on cell morphology: autophagic cell death,
apoptosis, and necroptosis or necrosis. Most previous
studies on the effect of TNF-a on cell death have shown
that TNF-a induces cell death via apoptosis [40-42]. The
basic function of chondrocytes and synoviocytes is to
produce cartilage and synovial fluid, respectively [43, 44].
Therefore, if TNF-a inhibits the death of chondrocytes and
synoviocytes, it will slow the progression of OA, such as
cartilage damage. All the tested concentrations of CECM
had a suppressive effect on TNF-a-induced chondrocyte
death; however, CECM had no inhibitory effect on the
death of synoviocytes.

Although CECM is employed in a variety of tissue
engineering applications, no study has sought to demon-
strate its protective effect in the treatment of OA. There-
fore, the present in vivo investigation was performed to
assess the anti-inflammatory and anti-OA effects of CECM
in an MIA-induced OA rat model. Several OA incidences
have shown that inflammatory mediators play an important
role in the expansion and progression of -cartilage
destruction [45]. Proinflammatory cytokines and inflam-
matory mediators display potential catabolic properties that
cause the pathophysiological progression of OA [46].
Various parameters were used to evaluate the anti-OA
effect of CECM in a rat model of MIA-induced OA,
including proinflammatory cytokines, cartilage degradation
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mediators, and histopathological features. Our results
showed that CECM significantly relieved inflammation in
the MIA-induced OA rat model. Several studies have
shown that inflammation plays an important role in the
progression of arthritis and have confirmed the chon-
droprotective effect of inflammation. Proinflammatory
cytokines such as IL-1 beta, TNF control the degeneration
of knee joint cartilage matrix, which makes them targets
for therapeutic strategies. [47, 48] The present study
showed that CECM affects the chondroprotective effects in
OA and MIA-induced OA rat models by inhibiting proin-
flammatory cytokines and cartilage degradation mediators
in serum.

In our animal model, H&E and safranin O-fast green
staining revealed the hypocellularity of knee joint cartilage
in the tibia, including massive proteoglycan loss, and the
cell survival result, the number of chondrocytes in the MIA
group was lower than that in the sham-treated control
group. Hypocellularity and proteoglycan loss are the result
of OA induction, which was achieved by injecting MIA
into the knee joint [49, 50]. Injection of CECM increased
the number of chondrocytes markedly and alleviated pro-
teoglycan loss. Injecting CECM might mitigate OA
symptoms by inhibiting the death of chondrocytes and
controlling the inflammatory environment of the knee
articular cavity.

Inflammation plays a key role in OA progression and
damage to the articular cartilage structure. Proinflamma-
tory cytokines are reflected throughout OA expansion and
break the balance between CECM degradation and repair
[51, 52]. These indications aggravate cartilage degradation
and the clinical symptoms of OA. Thus, targeting the
inflammatory reaction may be a valuable approach for
treating the expansion and progression of OA. In the pre-
sent study, CECM was confirmed to be a suitable material
for injection and had low cytotoxicity and a positive effect
on cell proliferation. In addition, CECM inhibited apop-
tosis caused by TNF-o, prevented the progression of OA
remarkably, and reduced inflammatory reactions. Lastly,
by assessing the histopathology of the knee joint, the pro-
tective effect of CECM against damage to chondrocytes
was revealed in relation to that observed in the MIA group.
Our results clearly indicate that CECM may be an effective
therapeutic agent for the treatment of OA or OA-associated
symptoms. However, we still do not know the mechanism
of CECM efficacy on OA disease. It is expected that the
factors and components present in CECM may decrease or
control related inflammation environments. We are plan-
ning to do an analysis of potential key components in
CECM to elucidate its mechanism in future studies.
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