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Background: This study aimed to evaluate an autologous bone mesenchymal stem cell (MSC)-derived extracellular matrix
(ECM) scaffold in two animal models of cartilage repair.

Material/Methods: A rabbit model (n=16) and a minipig model (n=8) of cartilage repair were created with cartilage defects of the
knee joints treated with bone marrow stimulation (BMS). In the ECM group, autologous bone MSC-derived ECM
scaffolds were implanted into the cartilage defects after bone marrow stimulation. In the BMS group, the car-
tilage defects were treated by bone marrow stimulation only. The renewal capacity of bone MSCs was mea-
sured with a colony-forming unit fibroblast (CFU-F) in vitro assay. The extent of cartilage repair was as-sessed
at 6 months after surgery.

Results: In the rabbit model, the macroscopic appearance of the exudate of the healing wounds in the ECM group showed
less fibrosis, and the histology showed more evenly distributed chondrocytes compared with the BMS group.
The CFU-F assay showed that the number of bone MSCs in the ECM group was approximately was twice that
of the BMS group. In the minipig model, the macroscopic appearance and magnetic resonance imaging (MRI)
findings of the ECM group were improved when compared with the BMS group. The repaired tissue in ECM
group had similar histological characteristics and biochemical content to normal hyaline cartilage.
Conclusions: In two animal models of knee joint cartilage repair, the use of an ECM scaffold increased the number of bone
MSCs and improved the extent of cartilage repair.
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Background

Bone marrow stimulation is a widely used technique for the
treatment of cartilage defects. Currently, studies have shown
that bone marrow stimulation can stimulate bone mesenchy-
mal stem cells (MSCs) to migrate to cartilage defects where they
can differentiate into chondrocytes [1-3]. However, several clin-
ical and animal studies have reported that fibrocartilage that
consists of type | collagen is mainly found in tissue repair after
bone marrow stimulation [4]. This finding may be caused by
the limited locally available bone MSCs as well as insufficient
chondrogenic stimulation at the site of the cartilage defect [5,6].

Currently, there have been several studies that have focused on
improving the therapeutic approach to cartilage repair [7,8]. In
our previous studies, an autologous bone MSC-derived extracel-
lular matrix (ECM) scaffold was developed and implanted into
the osteochondral defect of a rabbit model after bone marrow
stimulation for cartilage regeneration [9,10]. As previously re-
ported, the use of an autologous bone MSC-derived ECM scaf-
fold could enhance the regeneration of hyaline cartilage [9,10].

In previous studies on cartilage regeneration, the rabbit model
has been popular, due to the ease of handling, the requirement
for small cages, and low costs of these animal studies [11-13].
However, a limitation of the rabbit model of osteochondral de-
fect is the comparatively thin articular cartilage in this model,
which has a mean cartilage thickness of 440 um, and repre-
sents only about 10% of the total thickness defect [12]. Also,
the endogenous healing potential, joint dimensions, loading
conditions, and mechanics of the rabbit model differ from those
in humans [13]. Therefore, additional studies in larger animal
models, such as the minipig, dog, goat, and horse, to further
evaluate the feasibility of these models are required before
preclinical evaluation [6]. However, it is uncertain how effec-
tive the autologous bone MSC-derived ECM scaffolds might
be in case of insufficient amounts of bone MSCs and the un-
certain environment of articular joints. The autologous bone
MSC-derived ECM scaffolds may be of benefit for the repair
of cartilage defects following bone MSC, in addition to serv-
ing only as a physical barrier.

Therefore, this study aimed to evaluate an autologous bone

MSC-derived ECM scaffold in two animal models of cartilage
repair.

Material and Methods

The local Institutional Animal Experiment Committee of Nanjing
Medical University approved the use of rabbits and minipigs in
the current study. All experimental procedures were performed
under the US National Institutes of Health (NIH) guidelines.

ANIMAL STUDY

Sixteen rabbits and eight minipigs were used in this study.
The general health status of all animals was evaluated by
veterinary examination. The age of the rabbits ranged from
4-6 months with a mean age of 5.2 months, and their weight
ranged from 2.5-4 kg with a mean range of 3.5 kg. The age
of the minipigs ranged from 10-16 months with a mean age
of 13 months, and their weight ranged from 34-55 kg with a
mean weight of 46 kg.

Preparation of the autologous bone MSC-derived ECM
scaffold

The preparation of autologous bone mesenchymal stem cell
(MSCQ)-derived extracellular matrix (ECM) scaffolds were as
previously described [10]. Briefly, autologous bone marrow
was harvested from the iliac crest of rabbits and minipigs.
The bone MSCs were isolated using density gradient centrifu-
gation and expanded in monolayer culture. To stimulate ECM
deposition, 50 pg/ml l-ascorbic acid was added to the culture
medium after cells reached 80% confluence. Four weeks later,
the ECM membrane was carefully separated from culture dish
and freeze-dried at —=70°C under 1 Pa for 48 h. The mechani-
cal strength of samples was improved by crosslinking with
50 mM 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hy-
drochloride and 50 mM N-hydroxysuccinimide. The samples
were washed and freeze-dried again. Finally, the autologous
bone MSC-derived ECM scaffold (6 mm in diameter, 2 mm in
thickness) was prepared by a biopsy punch and a razor blade
and sterilized by ethylene oxide gas.

Cartilage defect model and bone marrow stimulation

Surgery was performed under sterile conditions, and gen-
eral anesthesia was performed with ketamine hydrochloride
(15 mg/kg) [14]. A medial parapatellar arthrotomy was per-
formed on both knees of each animal. Osteochondral defects
(5 mm in diameter, 2 mm in depth) in the trochlear groove of
rabbit model and articular cartilage defects (6 mm in diame-
ter, 2 mm in depth) in the medial femoral condyle of minipig
model were performed using biopsy punches [13]. The defects
in the left knees were treated with bone marrow stimulation
(Figure 1A). The autologous bone MSC-derived ECM scaffolds
were implanted into the defects by press-fitting in the ECM
group (Figure 1B, 1C). We checked whether the scaffold was
maintained in the defect after several episodes of passive flex-
ion and extension. The defects in the right knees were treated
with bone marrow stimulation only (BMS group).

The effect of the autologous bone MSC-derived ECM
scaffold on tissue repair

The knees of 8 rabbits were opened using forceps and gross
observation was performed at 6 hours, 3 days, and 7 days
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Figure 1. The procedure for implantation of autologous bone mesenchymal stem cell (MSC)-derived extracellular matrix (ECM)
scaffolds after bone marrow stimulation. The articular cartilage defect was created in the weight-bearing area of the medial
femoral condyle in the minipig model (A). After the defect was made, it was treated with bone marrow stimulation using an
18-gauge needle (A), followed by implantation of the autologous bone MSC-derived ECM scaffold by press-fitting (B, C).

after surgery, respectively. All rabbits were euthanized after
7 days of surgery and the specimens were evaluated for cell
morphology and distribution by histology using hematoxylin
and eosin (H&E) staining.

The colony-forming unit fibroblast (CFU-F) assay of the
exudate of the healing wound

After 6 hours of surgery, the other eight rabbits were eutha-
nized for the CFU-F assay. Briefly, mononuclear cells were re-
leased from the exudate of the healing wound of each group
by incubation in 0.1% collagenase (Gibco, Rockville, MD, USA)
in Dulbecco’s modified Eagle’s medium (DMEM) for 2 hours at
37°C under 5% CO,. Total mononuclear cell was resuspended
and cultured in DMEM, which contained 10% fetal bovine se-
rum (FBS), 100 unit/mL penicillin and 100 pg/mL streptomy-
cin and plated on six-well plates. Non-adherent cells were re-
moved after 48 hours. One week later, crystal violet staining
was used for the colony-forming unit fibroblast (CFU-F) assay
and a cell colony >50 cells was counted as a CFU-F.

Magnetic resonance imaging (MRI) of repaired cartilage in
the minipig model

Postoperatively, eight minipigs were returned to their cages
and were allowed immediate full weight-bearing. Six months
after surgery, magnetic resonance imaging (MRI) of all mini-
pigs was obtained using a 3.0T MR system (Magnetom Trio,
Siemens, Erlangen, Germany) with an eight-channel transmit
receiver extremity coil. Before MRI scanning, all animals were
anesthetized with ketamine hydrochloride (15 mg/kg). The MRI
protocol included the following sequences for T1-weighted im-
aging (T1WI), repetition time (TR)/echo time (TE) 765/19 milli-
seconds (ms), field of view (FOV) 20x20 cm, matrix 320x320,
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and slice thickness 1.5 mm For T2-weighted imaging (T2WI),
TR/TE was 4590/42 ms, FOV 20x20 cm, matrix 320x320, and
the slice thickness of 1.5 mm. Proton density-weighted imaging
(PDWI). The TR/TE was 3600/20 ms, the FOV was 20x20 cm,
matrix 320x320, and the slice thickness was 1.5 mm. The total
scan time was about 5 minutes. After MRI scanning, the MR im-
aging quality was checked, and no moving artifact was found.

Gross observation and histological evaluation of repaired
cartilage in minipig model

All minipigs were euthanized after MRI examination. All peri-ar-
ticular soft tissues were removed from the distal femurs. Each
sample was imaged by a high-resolution camera (Canon, Tokyo,
Japan). The macroscopic evaluation of repaired tissue was con-
ducted. The repaired tissue was longitudinally divided into two
parts for histological assessment and biochemical analysis.

For histological evaluation, all samples were fixed in 4% neutral
buffered formalin at room temperature for 24 hours, followed
by decalcification with 5% nitric acid for 48 hours and then
washed with running water overnight. The samples were em-
bedded in paraffin wax, sectioned at 3 um, followed by staining
with hematoxylin and eosin (H&E), Safranin O, and Masson’s
trichrome [9]. The extent of the repair of the cartilage was
evaluated using the International Cartilage Research Society
(ICRS) grading scale [9]. To minimize the subjective bias, each
sample was independently evaluated by three investigators.

Chemical analyses of repaired cartilage in the minipig
model

The biochemical measurements were performed as previ-
ously described [10]. Normal appearing hyaline cartilage was
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Figure 2. Macroscopic appearance and histology of the area of exudate of the healing cartilage defect in the autologous bone
mesenchymal stem cell (MSC)-derived extracellular matrix (ECM) scaffolds after bone marrow stimulation. The macroscopic
appearance showed that the exudate of the healing wound in the bone marrow stimulation (BMS) group (A-C) did not
organize well, whereas those in the extracellular matrix (ECM) group (E-G) are undergoing fibrosis. Histology shows that
more chondrocytes were evenly distributed in the ECM group (H). The cells show good adhesion to the wall of the scaffold

when compared with the BMS group (D).

examined as a positive control. All samples were dried at 37°C
for 48 hours to remove the moisture, then digested with a pa-
pain solution at 60°C for 24 hours. The supernatant of samples
was used for biochemical measurement. The total DNA content
was examined by the Quit-iT dsDNA kit (Invitrogen, Eugene,
OR, USA). The salmon testes DNA (Sigma-Aldrich, St. Louis,
MO, USA) was used for creating a standard curve. The glycos-
aminoglycan (GAG) content was examined using the dimeth-
ylmethylene blue colorimetric assay. The chondroitin sulfate
from shark cartilage (Sigma-Aldrich, St. Louis, MO, USA) was
used for generating the standard curve.

Statistical analysis

All statistical analysis was performed using SPSS software ver-
sion 13.0 (SPSS Inc., Chicago, IL, USA). All data were expressed
as the mean + standard deviation (SD). The Wilcoxon signed-
rank test compared the ICRS scores between the BMS group
and the ECM group. One-way analysis of variance (ANOVA) fol-
lowed by a post hoc test was used to compare the differenc-
es in DNA content and GAG content between the MSC group,
the BMS group, and the positive control group. A P-value <0.05
was considered to be statistically significant.

Results

The effect of the autologous bone mesenchymal stem
cell (MSC)-derived extracellular matrix (ECM) scaffolds on
tissue repair

In the forceps test and gross observation, at 3 days after sur-
gery, the exudate of the healing wounds in the BMS group was
soft and partially coagulated (Figure 2A-2C), while those in
the ECM group were stable and a more solid, and were found
to show fibrosis. The surface of the exudate of the healing
wound disappeared, and the defects were covered with gray-
white fibrous tissue (Figure 2E-2G).

Histology showed that no significant inflammation and immune
response were found in both groups after 7 days. Compared
with the BMS group (Figure 2D), more chondrocytes were even-
ly distributed in the ECM group, the cells adhered to the wall
of the scaffold (Figure 2H). However, more red blood cell and
macrophages accumulated in the fibrous tissue of the BMS
group (Figure 2D).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

7345




ANIMAL STUDY

Tang C. et al.:
Bone MSC-derived ECM scaffold for cartilage repair
© Med Sci Monit, 2019; 25: 7342-7350

>
@

Total MNGs (x10°)

0 ...':..o

BMS group

C 500

L]
3 400 o

. E‘_ 300 . .:.
= °

.:. g 200 :. .

. 100 4 e

L]

T 0 + T

ECM group BMS group ECM group

Figure 3. The effect of the autologous bone mesenchymal stem cell (MSC)-derived extracellular matrix (ECM) scaffolds on the number
of bone MSCs in the healing cartilage. The colony-forming unit fibroblast (CFU-F) assay was performed to examine the total
number of bone mesenchymal stem cells (MSCs) in the area of healing in the bone marrow stimulation (BMS) group and
the extracellular matrix (ECM) group (A). The total number of mononuclear cells in the joint showed a significant difference
between the MSC group and the BMS group (B). The total CFU-F of bone MSCs was approximately two-fold higher in the

ECM group compared with the BMS group (C).

The effect of autologous bone MSC-derived ECM scaffolds
on the number of bone MSCs in the cartilage repair

The difference in the number of bone MSCs in the exudate
of the healing wound in the BMS and the ECM groups were
examined by the colony-forming unit fibroblast (CFU-F) as-
say (Figure 3A). The total number of mononuclear cells were
significantly different between the BMS group and the ECM
group (0.37+0.188 and 3.953+2.403, P<0.05) (Figure 3B). The
total CFU-F of bone MSCs was approximately two-fold high-
er in the BMS group (295.5+69.226) than in the MSC group
(154.875+83.687, P<0.05) (Figure 3C).

Macroscopic evaluation in the minipig model

The macroscopic evaluation showed that the microfracture
holes in the BMS group disappeared, and the defect was almost
completely covered with repaired tissue. However, the repaired
tissue appeared thin and visibly irregular, which was differ-
ent from the surrounding normal hyaline cartilage (Figure 4A).

The cartilage defect in the ECM group was almost completely
covered with repaired tissue. The thickness, appearance, and
the color of the repaired tissue were similar to those of nor-
mal hyaline cartilage. Also, the repaired tissue appeared to
have good integration with the surrounding tissue (Figure 4B).

Magnetic resonance imaging (MRI) of the knee joint in the
minipig model

The cartilage defect still existed, and the subchondral signal
intensity was very high in the BMS group (Figure 4C). However,
the cartilage defect in the ECM group was almost filled with
repaired tissue and had a similar signal intensity to the nor-
mal cartilage (Figure 4D). Also, the subchondral signal inten-
sity was much lower (Figure 4D).

Histological evaluation in the minipig model

Safranin-O (Figure 5A, 5E) and Masson’s trichrome staining
(Figure 5B, 5F) showed that the cartilage defects in the BMS
group were partially covered with fibrous tissue. A clear de-
marcation between the repaired tissue and surrounding tissue
was observed. A large number of rounded cells were observed
in the repaired tissue, which was fibrous, poorly organized, and
weakly metachromatic stained. Growth lines were almost ab-
sent in the defect. In contrast, intense metachromatic stain-
ing and chondrocyte cells clusters were found in the transi-
tional and radial zones of the surrounding hyaline cartilage.

In the ECM group (Figure 5C, 5D, 5G, 5H), the repaired tissue
almost completely covered the defect and appeared to have
good integration with the surrounding tissue. The repaired tis-
sue had a similar thickness to the surrounding hyaline carti-
lage and contained chondrocyte-like cells. Numerous clusters
of chondrocyte-like cells were observed in the transitional and
radial zones of the repaired tissue. The metachromatic stain-
ing of these areas was intense. Tidemarks could be observed
in some zones, although they did not appear to be complete-
ly restored. The International Cartilage Repair Society (ICRS)
scores of the ECM group (12.63+2.07) was significantly high-
er than that of the BMS group (8.38+2.88) at six months af-
ter surgery (P=0.012) (Figure 6C)

Biochemical assays

The glycosaminoglycan (GAG) content in the ECM group was
7.38+4.16%, and significantly higher than that of the BMS group
(3.55+2.91%) at 6 months after surgery (P<0.05). Moreover, the
difference of the GAG content between the repaired tissue in
ECM group and normal hyaline cartilage did not reach a sta-
tistical difference (10.89+2.14%; P>0.05) (Figure 6A).
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Figure 4. Macroscopic appearance and magnetic resonance imaging (MRI) of the repaired tissue in the knee joint of the bone
marrow stimulation (BMS) group and the extracellular matrix (ECM) group. The repaired cartilage tissue in the extracellular
matrix (ECM) group (B) showed a thickness, appearance, and color that were more similar to normal cartilage at 6 months
after surgery when compared with the bone marrow stimulation (BMS) group (A). On magnetic resonance imaging (MRI),
the cartilage defect in the BMS group (red square) was still present, and the subchondral signal intensity was very high (C).
However, the cartilage defect in the ECM group was almost filled with repaired tissue (red square), which had similar signal
intensity on MRI to normal cartilage, and the subchondral signal intensity was much lower (D).

The measured values of DNA content in repaired tissues were
1.87+0.57 pg/mg and 1.28+0.35 pg/mg in BMS group and
ECM group, respectively, at 6 months after surgery (P>0.05)
(Figure 6B). Compared with the BMS group, the ECM group had
more similar DNA content to normal cartilage (0.84+0.12 pg/mg).

This work is licensed under Creative Common Attribution-
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Discussion

Several previous studies have shown that bone mesenchymal
stem cells (MSCs) have high chondrogenic differentiation poten-
tial. The human adult bone MSCs derived from the subchondral
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Figure 5. Photomicrographs of the histology show the Safranin-O and Masson’s trichrome staining of the repaired cartilage of the
bone marrow stimulation (BMS) group and the extracellular matrix (ECM) group at 6 months after surgery. Safranin-O
staining showed that the repaired tissue in the bone marrow stimulation (BMS) group (A, E) showed poor metachromatic
staining and was different from the normal surrounding cartilage and showed clear demarcation (arrowhead). However,
the repaired tissue in the extracellular matrix (ECM) group (C, G) showed good integration with the surrounding cartilage
(arrowhead), and the intensity of metachromatic staining resembled that of normal cartilage. The chondrocytes formed
mature lacunae and were perpendicularly aligned (arrow). Masson’s trichrome staining showed that the defects were
partially filled with fibrous tissue in the BMS group (B, F), with large numbers of rounded cells embedded in a fibrous and
organized ECM. In contrast, the repaired tissue in the ECM group (D, H) showed several clusters of chondrocyte-like cells
(arrow). Growth plates were observed in some zones. (A-D) Magnification x10. (E-H) Magnification x400.
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Figure 6. The glycosaminoglycan (GAG), DNA, and International Cartilage Repair Society (ICRS) scores of repaired tissue of the bone
marrow stimulation (BMS) group and the extracellular matrix (ECM) group at 6 months after surgery. The glycosaminoglycan
(GAG) content of the extracellular matrix (ECM) group is not significantly different from that of normal hyaline cartilage (A),
and the DNA content in this group was more similar to that of normal hyaline cartilage (B). The International Cartilage Repair
Society (ICRS) scores of the ECM group were significantly higher than that of the bone marrow stimulation (BMS) group (C).

plate are similar to the cells derived from bone marrow aspi-
rates [15]. However, histological analysis from human biopsies
and animal models have shown that normal hyaline cartilage
could not be restored by traditional treatments, which may re-
sult in the formation of fibrocartilage or a hybrid tissue con-
taining variable amounts of type Il collagen [16]. One of the
most important reasons is the insufficient amounts of bone
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MSCs retained in the exudate of the healing wound formed
by mesenchymal stem cell treatment [17].

The number of bone MSCs is important for cartilage regen-
eration, especially in the early stage. Therefore, the current
stem cell treatment approach needs to be improved [5,18].
Truong et al. reported that intravenous administration of
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granulocyte-macrophage colony-stimulating factor (GM-CSF)
could increase the number of bone MSCs in the exudate in the
healing wound formed by MSCs and improve the therapeutic
outcome of cartilage regeneration [15]. This previous in vitro
study showed that the number of bone MSCs in the exudate
of the healing wound varied depending on whether autolo-
gous bone MSC-derived extracellular matrix (ECM) scaffold
was implanted after bone marrow stimulation treatment [15].
Compared with the BMS group, the ECM group showed more
bone MSCs after bone marrow stimulation, which may be due
to the large number of mononuclear cells and the high colony-
forming unit fibroblast (CFU-F) rate. We considered that the
autologous bone MSC-derived ECM scaffold of the ECM group
may serve as a physical container and that the scaffold had
similar characteristics of a sponge structure inserted into the
cartilage defect to absorb bone MSCs from the bone marrow.

In the present study, within seven days after bone marrow
stimulation treatment, bone MSCs had migrated into the car-
tilage defect. The continuous macroscopic evaluation showed
that autologous bone MSC-derived ECM scaffold implantation
could host the cells within and stabilize tissue repair after bone
marrow stimulation treatment. Also, uniformly distributed and
highly interconnected porous structure of the scaffold was a
benefit for cell proliferation and differentiation [10]. The use
of autologous bone MSC-derived ECM scaffold after bone mar-
row stimulation could maintain a higher cell concentration and
provide a greater biological environment in the early stage.
Furthermore, proliferation was closely associated with chon-
drogenic differentiation, and that stimulation of MSC aggrega-
tion could improve chondrogenesis [19]. Therefore, the bone
MSCs within the autologous bone MSC-derived ECM scaffold
could start proliferating vigorously in the cartilage defect, then
effectively differentiate into chondrocytes.

One important finding in our study was that the repaired tissue
in ECM group had similar biochemical content and characteris-
tics to normal hyaline cartilage. Further, good integration with
the surrounding cartilage and almost intact tidemarks were
also observed in the ECM group. The ECM derived from autol-
ogous bone MSCs is the main component of the autologous
bone MSC-derived ECM scaffold. The MSC-derived ECM can
enhance the in vitro expansion and chondrogenic potential of
bone MSCs and inhibit oxidative stress-induced stem cells se-
nescence [20]. We considered that the potential efficacy of au-
tologous bone MSC-derived ECM scaffolds was initially attrib-
uted to autologous ECM components. On the other hand, our
previous study showed that several growth factors, including
B-FGF and TGF were continuously released during the degra-
dation of the autologous bone MSC-derived ECM scaffold [21].
It was plausible that the autologous bone MSC-derived ECM
scaffolds could efficiently promote proliferation and chondro-

ANIMAL STUDY

Several biological biocompatible scaffolds have been intro-
duced for cartilage repair. A few reports have supported that
the combination of these scaffolds has been shown to im-
prove the cartilage repair after bone marrow stimulation [17].
However, most of the currently used biological scaffold is de-
rived from allogeneic tissue. There are potential risks of in-
flammation, pathogen transmission, immunological reactions,
and ethical issues in the use of these scaffolds [23,24]. These
problems can be overcome by use of autologous scaffolds, with
more safety and efficacy, and could therefore improve the ex-
tent of cartilage repair [25,26]. Also, in contrast to the rabbit
model, the large joint dimensions, upright and fully extend-
ed stifle joint, cartilage defect in a weight-bearing area, and
the thickness of articular cartilage in the minipig model could
more closely imitate those of humans [27]. Therefore, the re-
sults of our in vivo study may indicate that the autologous
bone MSC-derived ECM scaffolds are potentially feasible for
clinical application. We considered that both rabbit and mini-
pig model could illustrate the course of bone MSCs retention
in the exudate of the healing wound formed by bone marrow
stimulation in vitro [28]. However, the rabbit models are easy
to handle and cost less than the minipig model. Therefore, the
rabbit models were used for our in vitro study.

There are some limitations of our present study. First, the fol-
low-up period was limited to 6 months, and so further long-
term studies are needed to evaluate the long-term outcome of
this potentially novel treatment approach [16]. Also, in terms
of postoperative pain, external fixation, which is common-
ly used in most clinical treatments for cartilage regeneration
was not used in the present study. The sample size was rela-
tively small, and the findings from the present study should
be regarded as preliminary.

Conclusions

This study showed, that in two animal models of cartilage re-
pair, using an autologous bone mesenchymal stem cell (MSC)-
derived extracellular matrix (ECM) scaffold could increase the
number of bone MSCs in the exudate of the healing wound
formed by bone marrow stimulation and improve the extent
of cartilage repair and restoration. The combination of the
autologous bone MSC-derived ECM scaffold and bone mar-
row stimulation may be a practical therapeutic approach for
the repair of cartilage degeneration in clinical practice but re-
quires further studies.
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