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Abstract

BACKGROUND: Atticular cartilage damage is still a troublesome problem. Hence, several researches have been per-
formed for cartilage repair. The aim of this study was to evaluate the chondrogenicity of demineralized bone matrix (DBM)
scaffolds under cyclic hydrostatic pressure (CHP) in vitro.

METHODS: In this study, CHP was applied to human bone marrow mesenchymal stem cells (hnBMSCs) seeded on DBM
scaffolds at a pressure of 5 MPa with a frequency of 0.5 Hz and 4 h per day for 1 week. Changes in chondrogenic and
osteogenic gene expressions were analyzed by quantifying mRNA signal level of Sox9, collagen type I, collagen type II,
aggrecan (ACAN), Osteocalcin, and Runx2. Histological analysis was carried out by hematoxylin and eosin, and Alcian
blue staining. Moreover, DMMB and immunofluorescence staining were used for glycosaminoglycan (GAG) and collagen
type II detection, respectively.

RESULTS: Real-time PCR demonstrated that applying CHP to hBMSCs in DBM scaffolds increased mRNA levels by
1.3-fold, 1.2-fold, and 1.7-fold (p < 0.005) for Sox9, Col2, and ACAN, respectively by day 21, whereas it decreased
mRNA levels by 0.7-fold and 0.8-fold (p < 0.05) for Runx2 and osteocalcin, respectively. Additionally, in the presence of
TGF-B1 growth factor (10 ng/ml), CHP further increased mRNA levels for the mentioned genes (Sox9, Col2, and ACAN)
by 1.4-fold, 1.3-fold and 2.5-fold (p < 0.005), respectively. Furthermore, in histological assessment, it was observed that
the extracellular matrix contained GAG and type II collagen in scaffolds under CHP and CHP with TGF-B1, respectively.
CONCLUSION: The osteo-inductive DBM scaffolds showed chondrogenic characteristics under hydrostatic pressure. Our
study can be a fundamental study for the use of DBM in articular cartilage defects in vivo and lead to production of novel
scaffolds with two different characteristics to regenerate both bone and cartilage simultaneously.
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1 Introduction

Articular cartilage has poor ability for self-repair due to
low cell density (particularly in adults), lack of nerves, and
being largely avascular [1, 2]. A number of surgical tech-
niques (such as autografting) can be helpful to regenerate
cartilaginous defects; however, there are often limitations
for their application. Instead of normal cartilage tissue,
fibrocartilage tissue is created after most surgical proce-
dures [3]. Therefore, tissue engineering using new scaf-
folds is an alternative for developing cartilaginous grafts as
well as a promising approach for regenerating normal
cartilage [4-6]. It has been shown that microenvironment
affects cell differentiation, so the generation of synthetic
scaffolds is being developed from natural ECM. To mimic
natural properties, a number of biomaterials such as col-
lagen, chitosan, silk, poly (vinyl alcohol) (PVA), poly-
urethane (PU), polycaprolacton (PCL), poly lactic-acid,
and hydrogel as well as their composites have been used as
artificial scaffolds. However, there has been increasing
interest in seeding mesenchymal stem cells (MSCs) onto
scaffolds and hydrogels [7-14].

It is known that demineralized bone matrix (DBM)
scaffolds have osteo-inductive and osteo-conductive prop-
erties. They are most frequently used to accomplish bone
fusion or replacement procedures and restore the bone lost
during injury and are a promising therapeutic option for
skeletal defects [15-17]. Spongy structure and flexibility
(in hydrated state) are important properties of DBM scaf-
folds, which are composed of collagen (mostly type I and a
few type IV and X), non-collagenous proteins, and growth
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factors, as well as variable percentages of calcium phos-
phate [18].

Mechanical signals play a critical role in regulating the
behavior of MSCs [19-21]. It has been shown that dynamic
compression inhibits chondrogenesis if used at the begin-
ning of growth factor induced differentiation [22, 23].
Functional properties of cartilaginous tissue can be
increased by applying dynamic compression on bone
marrow derived MSCs only after the initiation of chon-
drogenesis [24]. Some studies demonstrated that applying
cyclic hydrostatic pressure on mesenchymal stem cells
within the physiological range of 1-18 MPa can lead to an
increase in mRNA expression of collagen type II, aggre-
can, and proteoglycan [25-30]. Furthermore, it has been
shown that applying CHP to hASCs in three dimensional
(3D) cultures enhances chondrogenic gene markers without
the application of growth factors [31].

As previously indicated, over the past few decades,
various scaffolds and effect of mechanical signals have
been studied for application in cartilage tissue regenera-
tion. Therefor we were looking for a scaffold with a
structure close to real condition which can well transfer the
mechanical force to cells. Moreover, this study was con-
ducted using human bone marrow mesenchymal stem cells
(hBMSCs), since they have been reported to possess higher
chondrogenic potential than human adipose stem cells
(hASCs) under similar conditions [32-34]. Consequently,
DBM scaffolds were selected, due to their natural base and
being more flexible in the hydrated state. Since articular
cartilage cells are under hydrostatic pursue, and the carti-
lage and bone tissues are firmly attached, simultaneous



Tissue Eng Regen Med (2019) 16(1):69-80

71

bone and cartilage differentiation is crucial in this study.
We hypothesized that combination of DBM scaffold,
hBMSCs and hydrostatic pressure can mimic the natural
microenvironment thus enabling simultaneous chondro-
genic and osteogenic differentiation. On the other hand,
these bone-like scaffolds are inherently osteo-inductive
with chondrogenic properties. Furthermore, this research
can be an introduction to development of new scaffolds
supporting the bone from one side and helping to cartilage
regeneration from the other side.

2 Materials and methods
2.1 Preparation of DBM scaffolds

In this study, the bone chips were prepared in the Iranian
Tissue Engineering and Regenerative Medicine Center
(ITERM) at Imam Khomeini Hospital according to the
following procedure. The head of femur and cartilage tis-
sue were used in order to produce a compact scaffold with
fine pores. We cut two femur bone samples with
6 x 25 x 25 mm> dimensions using a chain saw under
strictly sterile conditions. The prepared samples were
sequentially washed in different solutions, including dis-
tilled water, ethyl ether (to remove fat and blood from bone
tissues for 4 h), and 5% ethanol-hydrochloric acid (to
remove minerals). Each step took 45 min to be accom-
plished. The final samples were rinsed in PBS until their
pH reached 7-7.4 and were then freeze-dried and sterilized
by gamma radiation.

2.2 Porosity measurement

The pores size and their distribution, in scaffolds were
measured using a mercury porosimeter (PASCAL 140
Thermo Finning, Rodano, Italy). To measure porosity, the
samples (n = 3) with nearly 5 x 5 x 5 mm® dimensions
were utilized. The shape of porosities was readily observ-
able by an optical (Olympus cx23) and scanning electron
microscope (AIS2100C, SERON TECHNOLOGIES,
Uiwang, South Korea).

2.3 Compressive and tensile strength analysis

The compressive strength of samples was measured using
universal strength testing machine (STM-20 Santam Co;
Iran). Three samples with a dimension of 5 x 5 x 6 mm®
were tested at compression rate of 10 mm/min using a 20
KN load cell. The tensile strength was also measured with
universal strength testing machine (STM-20). The samples
with a dimension of 5 x 5 x 20 mm® were tightened
lengthwise between tensile fixtures. The tests were

performed in triplicate under the tensile stretch rate of
5 mm/min until the samples disintegrated.

2.4 Viability analysis

The extractions were obtained according to provisions of
ISO 10993-12 standard, where 1 ml of Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) was added to a 0.2 g
sample and the container was stored in an incubator con-
taining 5% CO, for 7 and 21 days at 37 °C. An equal
volume of the culture medium was stored in the same
conditions as negative control, and sodium lauryl sulfate
(Merck) was considered as positive control. Cell viability
was studied using 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyltetrazolium bromide (MTT). Briefly, 1 x 10* cells
were seeded in a 96-well culture plate and incubated at
37 °C. After 24 h, the culture medium of each well was
removed; the extracts were added to the wells and incu-
bated for 24 h. Then, the medium was eliminated, and
100 pl MTT (with 0.5 mg/ml concentration) was added to
each well. After 4 h, the solution was replaced with 100 pl
isopropanol to solve the purple crystals. The concentration
of the solved materials was measured by an ELISA reader
(Epoch 2, BioTek, Bad Friedrichshall, Germany) at
545 nm wavelength, and viability (%) was calculated from
Eq. (1):

Viability% = (ODs/ODc) x 100 (1)

where ODs is average optical density of the sample and
ODc is the average optical density of negative control.

2.5 Scanning electron microscopy

After 48 h of cell seeding on DBM, to visualize cell
attachment and microstructure of samples, the scaffolds
were fixed by 4% glutaraldehyde (Sigma, Cleveland, OH,
USA), dehydrated through ethanol series and then observed
by scanning electron microscope.

2.6 Degradation

In order to study the degradability properties, water
absorption of the scaffolds was investigated as a function
of weight changes of the scaffolds, which were immersed
in deionized water at 37 °C. It was predicted that the
scaffold should witness an increase in weight due to the
absorbed water, followed by a downward trend of weight
loss due to degradation. In this examination, samples
(n = 3) were firstly weighed in a dry state using a scale
with 0.1 mg accuracy. They were then incubated in
deionized water at 37 °C. Finally, the samples were
removed and weighed at consecutive intervals after the
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initial conditions. The percentage of water uptake can be
determined from the following Eq. (2):

The percentage of water uptake
= [(Ww — Wp)/Wp] * 100 (2)

where Wy is, in fact, the weight of scaffold in the hydrated
state and Wy, is the weight of scaffold in the dry state [10].

2.7 Cell seeding experiment

Human bone marrow mesenchymal stem cells were pur-
chased from Royan Institute (Tehran, Iran). As specified by
Royan Institute, hBMSCs are harvested from normal bone
marrows. These cells are positive for CD105, CD166,
CD44, and CD29 but are negative for CD14, CD34, and
CD45. hBMSCs were cultured in DMEM/Ham’s-F12
(Gibco, Pittsburgh, PA, USA) with penicillin (100 U/ml),
Streptomycin (100 pg/ml), and FBS 10% (Gibco, Pitts-
burgh, PA, USA). The scaffolds were initially washed with
PBS; 1 ml of culture medium was added to each sample,
which were stored to be absorbed into the scaffold. A
number of 2 x 10° cell/cm® in 100 pl was seeded on each
scaffold and transferred to incubator for 3 h. Afterwards,
the culture medium was added to each scaffold.

3 3D culture under hydrostatic pressure

Four different groups were considered to study the chon-
drogenic differentiation, which are summarized in Table 1.
The first group was placed under hydrostatic pressure in
culture medium (DMEM/Ham’s-F12) and was named
CHP. The second group was preserved under hydrostatic
pressure in chondrogenic medium (DMEM/Ham’s-
F12 4+ TGFp1) and was named (CHP + TGF). The third
group was placed in chondrogenic culture medium without
loading (S 4+ TGF). Finally, the stem cells cultured on
DBM scaffold in DMEM/Ham’s-F12 medium were con-
sidered as the fourth group (S or con). All the groups were
assayed on the 21st day. After 14 days, the first and second
groups were subjected to hydrostatic loading for 7 days

under 5 MPa pressure and 0.5 Hz frequency for a 4 h per
day regime, which is schematically depicted in Fig. 1. The
expression of five genes, including Coll, Col2, aggrecan
(ACAN), GAPDH, and Sox9 was evaluated at the end of
the 2nd and 3rd weeks. Furthermore, given the bony nature
of scaffolds and the previous reports suggesting osteo-in-
ductive and osteo-conductive properties of allograft scaf-
folds, the expression of osteocalcin and Runx2 was also
assessed. In addition, DMMB method was used for
assessing the expression of glycosaminoglycan (GAG)
protein. Histology and immunofluorescence staining were
used for the evaluation of extracellular matrix.

3.1 Histological and immunofluorescence analysis

At the end of the third week, the samples were fixed in 10%
formalin, dehydrated, and embedded into paraffin blocks
that were cut into 6 pm sections. Afterwards, the sections
were deparaffinized with xylene and rehydrated with
alcohol to PBS series. The sections were then analyzed by
light microscopy using standard hematoxylin and eosin
staining to determine cell morphology in each group
(Olympus ix53, Tokyo, Japan). Moreover, Alcian blue was
used for GAG identification in the matrix. Finally,
immunohistochemistry was carried out according to the
following procedure. After fixation in formalin, the sam-
ples were washed with PBS for 15 min and then placed in
Triton X100 for 10 min to permeabilize the cell membrane.
Afterwards, the samples were three times washed with PBS
and treated with BSA for 30 min in a humidified chamber
at room temperature. The samples were again washed with
PBS, and finally, 50 pl primary antibody (Novus Mouse
monoclonal antibody anti collagen type II) was added.
After 1 h, the samples were three times washed with PBS,
each time for 5 min. In the next step, the secondary anti-
body (polyclonal antibody anti mouse IgG) was added to
the samples in similar conditions to the primary one but in
darkness, and the samples were maintained for 1 h. Sub-
sequently, the samples were carefully washed three times
with PBS and stained with Hoechst 33342 (Sigma,
Cleveland, OH, USA) to detect cell nuclei. The constructs

Table 1 Characteristics of the

groups used in the assessment Group Scaffold Task TGF CHP Weeks
S 3D-DBM Control - - W1-W3
S + TGF 3D-DBM Static sample 4 - W1-W3
CHP + TGF 3D-DBM Cyclic Hydrostatic presser Sample (4 (4 w3
CHP - v

S: Samples in “static culture” condition; S+TGF: Samples in “static culture with chondrogenic medium”
condition; CHP: Samples in “Cyclic hydrostatic pressure” condition; CHP+TGF: Samples in “Cyclic
hydrostatic pressure with chondrogenic medium” condition
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Fig. 1 Hydrostatic pressure
system. A Isolated tubes
containing samples.

B Hydrostatic pressure machine.
C The regime of cyclic
hydrostatic pressure applied to
samples. D Schematic of
hydrostatic pressure chamber
with samples

C
) Mpa/_\ /\ Membrang
\/ —> Medium
0 Mpa
= —> Samples
2 sec
High pressure chamber
0.5 Hz 4h/day for one week

were viewed at room temperature with a fluorescence
microscope (Leica DMi8, Wetzlar, Germany).

3.2 Real-time PCR

The samples from each group were analyzed on days 14
and 21 for quantitative reverse transcriptase polymerase
chain reaction (qRT-PCR) analysis in which Thermo
Cycler device and Master Mix kit (ABI, Carlsbad, CA,
USA) were used. To ensure accuracy, three samples were
taken from each group per each gene. Given the nature of
the scaffolds used in this project and for the purpose of
assessment, the effect of hydrostatic pressure on the men-
tioned scaffolds, as well as osteocalcin and Runx2 genes
expressed in osteogenesis were assessed in addition to
Coll, Col2, ACAN, Sox9, and GAPDH.

3.3 Determination of glycosaminoglycan (GAG)
by DMMB staining

The glycosaminoglycan content was determined by the
quantity quantification of sulfated GAGs released into
media using 1,9-dimethylmethylene blue (DMMB; Sigma,
Cleveland, OH, USA) staining method at pH = 6.8. After
7, 14, and 21 days of cell seeding, 500 pl medium from
each group was aspirated and transferred to a 2 ml tube.
Then, 1.5 ml acetone (Merck, Kenilworth, NJ, USA) was
added and kept at — 20 °C for 24 h. Then, the samples
were centrifuged at 1800 rpm for 30 min at — 4 °C. The

sediment was suspended in 100 pl PBS containing 20 pg/
ml papain and activated with 5 mM cysteine; subsequently,
the samples were incubated at 60 °C for 16 h and were
boiled for 15 min. A known concentration of chondroitin
sulfate (Sigma) was used as working range of the standard
solution. The GAG content was quantified with an ELISA
reader (Epoch 2, BioTek, Bad Friedrichshall, Germany) at
545 nm.

3.4 Statistical analysis

One-way analysis of variance (ANOVA) was used for all
quantitative data reported in this paper. The results were
considered significant with p < 0.05. Each experimental
group was evaluated on at least three samples (n = 3).

4 Results
4.1 Porosity

The pore size has an important role in nutrient transfer, cell
attachment, and ingrowth. Interconnected pores with larger
sizes can easily transport materials, nutrients, and meta-
bolic waste. However, small pores in scaffold can lead to
stronger cell attachment but have poor ability to transport
gas, nutrient, and metabolic waste [35]. In this study, the
samples pore sizes were assessed in an anisotropic range of
interconnected pores. Small pores with an approximate size
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Fig. 2 Scaffold porosity assay. A Optical microscope image of
scaffolds, which shows the shape and size of porosity with x 40
magnification. B SEM image showing contraction of the scaffold

of 5+ 202 pum and large ones with 720 £ 30.50 um
dimensions were detected. The most frequent size was seen
in 120 &£ 5.00 pm using a mercury porosimeter. This
variation is affected by the type of bone and age of the
donor. Figure 2 depicts porosities and their distribution.
The size and shape of porosities in the scaffolds were
assessed by an optical microscope. It was found that the
porosities were spherical-oval in shape. Moreover, the
pores were open and located in an interconnected network.

4.2 Compressive and tensile strength

Results obtained from this experiment showed that in the
hydrated state, the scaffolds can be compressed to
approximately 57 £ 5% of their initial length (Fig. 3),
which changes their elastic form and affects the transfer of
hydrostatic pressure to the attached cells in the scaffold,
finally influencing cell signaling and differentiation.

4.3 Cell viability assessment

The results showed that compared to the negative control
group, the viability of cells in contact with the scaffolds
were 88 &+ 2.5% and 80 % 0.2.6% during 7 and 21 days,
respectively, suggesting the non-cytotoxicity of the extract
isolated from the samples and the significance (p < 0.05)
of viability in both samples compared to control (Fig. 4).
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with x 41 magnification. C Mercury porosimeter analysis, the blue
line shows pore size distribution and the red line is cumulative
volume of pores in the scaffolds

4.4 Electron scanning microscopy

Figure 5 shows electron scanning microscopic (SEM)
image 48 h after cell culture, which determines the cells
attached to the surface and overspread on it.

4.5 Degradation of scaffolds

Based on the results, it turns out that the above-mentioned
scaffolds began to degrade after the third week with a slow
degradability slope. Figure 6 shows that water uptake
increases until 24 h, then remains constant, and decreases
after 48 h due to scaffold degradation. However, after
3 weeks, the changes (degradation) become significant
(p < 0.05).

4.6 Histological and immunofluorescence analysis

H&E staining showed that the cells were distributed
throughout the constructs of all groups; however, in
Fig. 6A, CHP and CHP + TGF groups were denser and
indicated the homogenous distribution of cells within the
matrix, as compared to the other groups. Moreover, the
shape of cells was spherical to spindle-like in S + TGF,
CHP, and CHP + TGF groups, whereas it was spindle-like
in the control group (S). Alcian blue staining (Fig. 6B)
showed a positive reaction in CHP and CHP + TGF
groups, and there was a slightly higher intensity of staining
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Fig. 3 A Human bone as the raw material to produce DBM allograft
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in the CHP + TGF group. Immunofluorescence evaluation
revealed that the accumulation of type II collagen was
much higher in CHP and CHP + TGF groups than the
S + TGF group after three weeks, and the control group
was not stained (Fig. 6C, D). This result supported the
previous one (H&E staining), and there was a significant

40 -

30 - compressive test

0 4 r—y—y——y

-10

F Compressive test of allograft scaffolds. The
potential of 57% elongation in the hydrated state

difference between CHP, CHP + TGF,

groups in this respect (p < 0.05).

4.7 Gene expression evaluation

5-10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
shrinkage (%)

scaffolds have the

and S + TGF

Relative mRNA expression levels of Sox9, ACAN, Coll,
Col2, osteocalcin, and RUNX2 were evaluated, which were
normalized to GAPDH. Gene expression of Coll in CHP,

CHP + TGF, and S + TGF groups

decreased after

21 days (Fig. 7), while it increased in S group. In addition,
Col2 expression increased significantly in CHP and
CHP + TGF groups, especially in CHP + TGF group.
Sox9 and ACAN gene expression also increased in CHP

and CHP + TGF groups. Comparison

of CHP and

CHP + TGF groups with the control (S group) showed
significant differences (p < 0.05). In addition, osteocalcin

and RUNX2 genes were not significantly

changed in CHP

and CHP + TGF groups, while they were increased in S

and S + TGF groups after 3 weeks.

4.8 Glycosaminoglycan quantification

The differentiation stage of cells into chondrocyte can be
determined by measurement of total GAG production in

the culture medium [27, 28].

As shown in Fig. 8, GAG expression increased over
time from days 7 to 21 in CHP + TGF and S + TGF
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Fig. 5 SEM image 48 h after cell seeding. A Cell morphology on scaffold with x 3.0K magnification, B cell attachment on scaffold
with x 750 magnification, C shows total structure of DBM scaffold with x 41 magnification
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Fig. 6 The scaffold weight changes in DW over time (n = 3). Data
are presented as mean =+ standard error. A Weight increase after 24 h
due to water uptake; B Weight was decreased significantly after
3 weeks due to degradation

groups significantly (p < 0.05). However, the expression
levels of GAG in CHP samples significantly increased after
loading in the end of third weeks (p < 0.001). Furthermore,
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in control group, there was no released GAG detected from
days 7 to 21.

5 Discussion

Mechanical stimuli, type of scaffold being used, and type
of cell in question are essentially the three factors influ-
encing cartilage regeneration, as previously mentioned
[9, 19]. Furthermore, it is widely believed that cell nutri-
tion, proliferation, and migration are heavily affected by
the porosity and pore size of the scaffolds [35]. Moreover,
since mechanical properties of scaffolds can rapidly dete-
riorate due to a decrease in their structural density, these
properties may actually be determined by the percentage of
porosity. Also, it should be evaluated whether the samples
have, in fact, both adequate mechanical and physical
properties as the stimuli for cell growth. The physical
results obtained in this study using DBM scaffolds con-
firmed that the samples provide sufficient porosity, per-
meability, interconnected pores of proper size (Fig. 2), and
enough degradation time (Fig. 6). In this project, we
hypothesized that the inherent flexibility of DBM scaffolds
should trigger the application of a more efficient hydro-
static pressure to the cells, which consequently enhances
cartilage differentiation. Moreover, taking into account the
bone-like structure of these scaffolds and their inherent
osteo-inductive properties, bone differentiation and for-
mation can also be promoted at the same time in this
approach [18, 36, 37]. Several studies have in fact indi-
cated that at least one week of applying alternative
hydrostatic pressure can lead to an increase in the expres-
sions of Aggrecan and Col2 [28, 31, 36]. Gene expression
results of our current study show that Coll expression in
CHP and CHP + TGF samples has been significantly
reduced compared to the control sample (S) (p < 0.05). In
other words, hydrostatic pressure decreased differentiation
to fibroblasts, while CoL2 level significantly increased for
both samples by nearly 1.4-fold (p < 0.05). During skeletal
development, Sox9 is a critical transcription factor in the
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Fig. 7 Histological staining of hBMSCs in different conditions and
staining protocols. A H&E staining shows homogenous distribution of
cells in the CHP and CHP + TGF and S + TGF groups with
spherical to spindle-shaped cells. B Alcian blue staining shows a

induction of a cartilage phenotype. In addition, for this
particular transcription factor, type II collagen and ACAN
(as the major proteins in a cartilage) contain binding sites
in their promoters [38]. The data obtained from this study
revealed that mRNA expression level of Sox9 was con-
siderably increased for both CHP and CHP + TGF sam-
ples by 1.3- and 1.4-fold, respectively (p < 0.01), while
osteocalcin and RUNX2 levels were remarkably decreased
in CHP and CHP + TGF samples as compared to the
control sample (p < 0.05). Furthermore, as mentioned
earlier, ACAN level was increased in both samples by 1.7-

e

Hoechst33342
D
20um 20um

20pm

20m

positive reaction in both CHP and CHP + TGF groups. C Type 1I
collagen immunofluorescence staining demonstrates positive reaction
in the CHP and CHP + TGF and S + TGF groups, especially in the
CHP + TGF group. D Hoechst staining shows cell nucleus

fold and 2.5-fold, respectively (p < 0.05). The data also
suggested that applying hydrostatic pressure on hBMSCs
seeded in DBM scaffolds in the third weeks induced
chondrogenic differentiation and inhibited osteogenic dif-
ferentiation compared to the control sample (Fig. 9).
Moreover, H&E staining method expressed that, in fact, all
the cells changed into fusiform shape in the S group, while
both fusiform and spherical cells were observed in CHP
and CHP + TGF groups. The Alcian blue staining showed
that the intracellular matrix in S group was not stained,
while S + TGF and CHP groups were slightly stained, and
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Mean = SEM

GAG Released Concentrations
pgr/mL

obtained from immunofluorescence staining were in good
agreement with previous results achieved by H&E and
Alcian blue staining methods. In other words, compared to
the control group, CHP and CHP + TGF groups secreted
Col2 and stained with Anti-Col2 (Fig. 7). Moreover,
DMMB data determined that GAG secretion occurred in
CHP, CHP + TGF, and S 4+ TGF groups compared to the
S group (Fig. 8), which was in good agreement with the
m3 Weeks other data obtained from real-time and histochemical
staining.

In conclusion, DBM scaffolds have suitable properties
such flexibility, interconnected porosity, enough degrada-
tion time and natural structural. Moreover Real-time and
histochemical data collected in this study essentially show

01 Weeks

02 Weeks

CHP CHP+TGF

Fig. 8 Comparison of total GAG release contents in different groups

S+TGF

CON that chondrogenic and osteogenic differentiation can be
achieved using a combination of these scaffolds with

after 7, 14 and 21 days (n = 3); the data are presented as Mean + hydrostatic pressure. Therefore, hydrostatic loading
standard error. (*) indicates significant (p < 0.05) and (**) indicate =~ decreases osteogenic properties in favor of chondrogenic

very significant (p < 0.001)

considerable staining was observed in the case of CHP +
TGF group. Based on this data, higher chondrogenic and
lower osteogenic differentiation potential were observed in

CHP and CHP + TGF samples.
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ones. Since the cells in articular cartilage are under
hydrostatic pursue, this study can be a basic step in the
application of DBM in cartilage regeneration. Conse-
quently, it is possible to develop a novel scaffold that
supports the bone from one side and helps regenerate the

In addition, results  cartilage from the other side.
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Fig. 9 The mRNA expression level of different genes in different mRNA expression level decreased in CHP and CHP + TGF. C,
groups. The data were normalized to GAPDH value; the data are D Indicate Sox9 and ACAN mRNA expression level increased in
presented as mean =+ standard error (n = 3). Values of p < 0.05 were CHP and CHP + TGF samples, significantly. E, F Show RUNEX2
considered as significant. A Type II collagen mRNA expression and Osteocalcin mRNA expression level decreased in mentioned
increased in samples CHP and CHP 4 TGF. B Type I collagen samples, significantly
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