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Abstract For bone regeneration constructs using human
jaw periosteal cells (JPC) the extent of osteoinductive
ability of different three-dimensional scaffolds is not yet
established. We analyzed open-cell polylactic acid (OPLA)
scaffolds for their suitability as bone engineering con-
structs using human JPC. Cell adhesion and spreading was
visualized on the surface of scaffolds by scanning electron
microscopy. JPC proliferation within OPLA scaffolds was
compared with proliferation within collagen and calcium
phosphate scaffolds. We found a significant increase of
proliferation rates in OPLA scaffolds versus Coll/CaP
scaffolds at three time points. Live-measurements of oxy-
gen consumption within the cell-seeded scaffolds indicate
that the in vitro culturing time should not exceed
12—-15 days. OPLA scaffolds, which were turned out to be
the most beneficial for JPC growth, were chosen for oste-
ogenic differentiation experiments with or without BMP-2.
Gene expression analyses demonstrated induction of sev-
eral osteogenic genes (alkaline phosphatase, osterix, Runx-
2 and insulin-like growth factor) within the 3D-scaffolds
after 12 days of in vitro culturing. Element analysis by
EDX spectrometry of arising nodules during osteogenesis
demonstrated that JPC growing within OPLA scaffolds are
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able to form CaP particles. We conclude that OPLA scaf-
folds provide a promising environment for bone substitutes
using human JPC.

1 Introduction

Tissue engineering combines the use of suitable cells and
supportive bioresorbable three-dimensional scaffolds to
repair tissue defects. The use of biodegradable three-
dimensional (3D) scaffolds seeded with bone progenitor
cells may be an excellent alternative to the transplantation
of autologous bone. From a clinical point of view, a
resorbable scaffold allows monitoring bone formation by
conventional X-rays or computer tomography, whereas a
non- or slow-resorbable scaffold remains at the same
density for a long time and avoids exact detection of newly
formed bone. Periosteum-derived cells show stem cell
potential by their capacity to form bone and cartilage in
vitro and in vivo [1-4] These cells may be the first con-
tributors together with osteoblasts in driving the cell
differentiation process of bone repair [5].

A variety of natural and synthetic scaffold materials
have already been investigated for bone tissue engineering
including fibrin, hyaluronic acid, collagen gels and spon-
ges, degradable polymers such as polylactides and
polyglycolides, ceramics such as hydroxyapatite, trical-
cium phosphate, coral and bioactive glass [6—14]. A typical
porosity of 90% as well as a pore diameter of at least
100 um seems to be advantageous for cell penetration and
angiogenesis of the ingrown tissue [15, 16]. The variety of
commercially available biomaterials for tissue engineering
is continually expanding. For bone regeneration constructs
using human jaw periosteal cells (JPC) the extent of
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osteoinductive ability of different three-dimensional scaf-
folds is not yet established.

In the present study, we analyzed the suitability of
commercially available 3D open-cell polylactic acid
(OPLA) scaffolds for the growth and osteoinductive
potential of human jaw periosteal cells using proliferation
assays, scanning electron microscopy, real-time oxygen
consumption measurements and EDX spectrometry. Fur-
thermore, osteoinductive effects of OPLA scaffolds were
also examined by analysis of gene expression in seeded
JPC using quantitative real-time PCR.

2 Materials and methods
2.1 Human jaw periosteal cell cultures

Biopsies of human jaw periosteum were obtained during
maxillofacial routine interventions. Samples from eight
donors were included in the study in accordance with the
local ethical committee, following informed consent. Jaw
periosteal cells (JPC) were isolated in a pre-digestion step
by type XI collagenase (1500 U/mL, Sigma, Steinheim,
Germany) and dispase II (2.4 U/mL, Roche Applied Sci-
ences, Mannheim, Germany) in a 1:1 mixture for 30 min.
The main digestion step followed for 90 min with type XI
collagenase.

JPC were cultured in D-MEM: F-12 (Invitrogen-Bio-
Source Europe, Nivelles, Belgium) containing 10% FCS
(Sigma-Aldrich, Steinheim, Germany), 100 U/mL penicil-
lin/streptomycin (Cambrex, Walkersville, USA) and 50 pg/
mL fungicide (Biochrom AG, Berlin, Germany). Periosteal
cells from fourth to seventh passage were used for these
experiments.

Because of the potential contamination of periosteal
cells by fibrous tissue, cells firstly underwent a differenti-
ation test in the 2D cell culture system. Mineralization of
periosteal cells was detected by alizarin staining (data not
shown). Only alizarin-positive JPC were included in this
study.

2.2 Three-dimensional scaffolds

In contrast to conventional 2D cell culture systems, scaf-
folds provide an adhesive substrate that also serves as a 3D
physical support matrix for in vitro cell culture. The 3D
collagen composite scaffold (Coll) is a natural scaffold
from a mixture of type I and III collagens derived from
bovine hide. The 3D open-cell polylactic acid scaffold
(OPLA) is a synthetic polymer scaffold, that is synthesized
from p,b-L,L polylactic acid. This material has an open-cell
facetted architecture, which is effective for culturing high
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density cell suspensions. The calcium phosphate scaffold
(CaP) is a mineralized calcium phosphate bioceramic 3D
construct. All scaffolds were provided from BD Biosci-
ences (Bedford, USA). The average pore size of Coll and
OPLA scaffolds measured 100-200 um and 200—400 um
for the CaP constructs. OPLA and CaP, but not Coll
scaffolds were noncompressible. All constructs measured a
diameter x height of approximately 5 mm x 4.5 mm and
a volume of 0.039 cm’.

Scaffolds were pre-incubated with FCS-containing
medium in a 96-well culture plate for one hour at room
temperature. After removing the medium, the same cell
number (5 x 10* cells) in a volume of 50 uL was seeded
on the top of all analyzed scaffolds and incubated for
2 hours at 37 °C to allow cell adhesion. After this incu-
bation time, additional 150 pL. medium was added to the
wells. For the following proliferation and differentiation
assays, scaffolds were moved in fresh 96-well culture
plates or for the oxygen measurements in fresh 24-well
sensor dishes.

2.3 JPC proliferation assays within Coll, OPLA and
CaP scaffolds

For the examination of JPC viability and proliferation, the
commercially available kit EZ4U was used (Biozol, Ech-
ing, Germany). This test is based on the reduction of
tetrazolium salts into formazan derivates by intact mito-
chondria. The quantification of this assay denotes the
metabolic capacity of the cells.

JPC were seeded into different 3D-scaffolds and pro-
liferation rates were analyzed after day 3, day 8 and day 14.
For each analyzed patient (n = 5), optical densities from
two cell-seeded scaffolds for each time point, were
averaged.

2.4 JPC proliferation assays within OPLA 3D-scaffolds
after induction of osteogenesis

Whereas JPC proliferation was analyzed within different
biomaterials and OPLA scaffolds showed to be the most
suitable scaffold for efficient proliferation of this stem cell
type, we chose this material for further investigations. JPC
proliferation rates within OPLA scaffolds were examined
under three different culture conditions: (1) untreated:
D-MEM: F-12 (Invitrogen-BioSource Europe, Nivelles,
Belgium) containing 10% FCS (Sigma-Aldrich, Steinheim,
Germany); (2) treated with osteoblast-medium (OB-med-
ium) containing [-glycerophosphate (10 mM, Sigma-
Aldrich), dexamethasone (1 pM, Sigma-Aldrich), L-ascorbic
acid 2-phosphate (50 uM, Sigma-Aldrich); (3) treated with
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osteoblast-medium and bone morphogenetic protein 2
(100 ng/mL, Cell Systems, St Katharinen, Germany) (OB/
BMP-2). Proliferation rates were analyzed after day 3, day
8 and day 14. For each analyzed patient (n = 3), optical
densities from two cell-seeded scaffolds for each time point
and culture condition, were averaged.

2.5 Scanning electron microscopy and EDX analysis of
JPC-seeded 3D-scaffolds

JPC attachment and spreading degree within Coll, OPLA
and CaP scaffolds was visualized by scanning electron
microscopy (SEM) (n = 3). Briefly, fixation of JPC on
scaffolds followed with glutaraldehyde (2%) in 1 mM
cacodylic acid Na salt (pH 7.4) for 60-90 min. After
washing with distilled water, an ethanol ascending
sequence followed, each step for 10 min. For gentle drying
of the cell-seeded scaffolds, we utilized the critical point
drying technique to avoid damage or severe collapse of
surface structures. For scanning electron micrographs using
the LEO 1430 (Zeiss, Oberkochen, Germany), cell-seeded
scaffolds were sputter coated with gold/palladium. EDX
(energy dispersive X-ray) analysis was performed using the
Roentec UHV-Si(Li)-Detector (Roentec, Berlin, Germany).

2.6 Real time oxygen consumption measurements of
JPC-seeded 3D-scaffolds

Real-time oxygen consumption measurements through
proliferating JPC within Coll, OPLA and CaP scaffolds
(n = 3) were performed using a suitable 24-channel Sen-
sorDish Reader (Presens, Regensburg, Germany). Oxygen
concentrations (in scaffold supernatants) were permanently
measured every 15 min within the sensor dishes containing
the cell-seeded 3D-scaffolds. Altogether, oxygen mea-
surements spanned 15 days of in vitro culturing.

2.7 Detection of alkaline phosphatase protein within
JPC-seeded OPLA-scaffolds

Protein expression of alkaline phosphatase in JPC-seeded
OPLA-scaffolds was detected after 13—14 days of in vitro
culturing using a commercially available kit (Sigma-
Aldrich, Steinheim, Germany) as recommended by the
manufacturer (n = 3). Briefly, cell-seeded OPLA-scaffolds
were shortly washed with PBS and incubated with the
alkaline-naphthol mixture for 30 min in the dark.
After subsequent washing, stained 3D-constructs were
photographed.

2.8 RNA extraction from JPC-seeded OPLA-scaffolds

Automated disruption and homogenization of the JPC-
seeded three-dimensional OPLA-scaffolds was established
using the MagNa Lyser Instrument (Roche Diagnostics,
Mannheim, Germany). The basic principle for cell dis-
ruption is the fastmoving, oscillating reciprocal motion of
the MagNA Lyser Instrument rotor in which the MagNA
Lyser ceramic beads filled with scaffolds and lysing
reagents are loaded. The cell disruption process during a
run with the MagNA Lyser Instrument is caused by the
collision of ceramic beads with the sample within the
sample tubes.

In detail, one-way special tubes with ceramic beads
were filled with 700 uL. of RLT-buffer (lysing buffer,
Qiagen, Hilden, Germany) and 2-3 cell-seeded scaffolds.
For each culture condition (untreated, treated with OB-
medium or OB/BMP-2) extracted RNA from 5 scaffolds
was pooled for sufficient RNA yield. Disruption and
homogenization was performed by 6,500 rpm for one min.
Cleared cell lysate was transferred in a fresh tube after
short centrifugation for further RNA purification.

Total cellular RNA was extracted from untreated and
differentiated JPC in the absence or presence of recombi-
nant BMP-2 using the RNeasy Mini Kit (Qiagen, Hilden,
Germany) as recommended by the manufacturer. First-
strand cDNA for the real-time PCR experiments was syn-
thesized by reverse transcription at 42 °C in a 20 pL
reaction mixture containing 1 pg of total RNA. After
heating the samples at 95 °C for 10 min. for denaturation
and cooling to 4 °C, cDNA was used for PCR amplification.
Reactions were diluted to 100 pL with DEPC treated water.

2.9 Analysis of gene expression by quantitative real-
time PCR

Gene expression analyses were performed after 12 days of
differentiation with OB-medium/OB-medium + BMP-2 in
comparison to untreated cells. To quantitate mRNA
expression, real-time PCR with the LightCycler System
(Roche Applied Science, Mannheim, Germany) was
established. Briefly, PCR reactions for GAPDH and the
osteogenetic genes alkaline phosphatase, osterix, Runx-2
and insulin-like growth factor were performed in a final
volume of 20 pL containing 2 pL. cDNA, 2 pL primer mix
(commercial primer kits from Search LC, Heidelberg,
Germany), 2 pnL. DNA Master Sybr Green I mix (Roche
Applied Sciences, Mannheim, Germany) and 14 ul. DEPC
treated water. Amplification of the target DNA was per-
formed during 35-38 cycles of 95 °C for 10 s, 68 °C for
10 s and 72 °C for 16 s, each with a temperature transition
rate of 20 °C/s and a secondary target temperature of 58 °C
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Table 1 Induction of gene expression in differentiating compared to untreated JPC growing within OPLA scaffolds (n = 3)

Induction of genes during 3D-osteogenesis

Pat no Treatment Alk. phosphatase Osterix Runx-2 (Cbfal) Insuline-like growth factor-2
#1 OB 20-fold 1.2-fold 2.2-fold 23.3-fold
OB/BMP-2 20-fold 32-fold 4.1-fold 34.2-fold
#2 OB 4-fold Nd 3.7-fold 12.5-fold
OB/BMP-2 4-fold 15.4-fold 6.3-fold 22-fold
#3 OB 6.4-fold 0.68-fold 1.6-fold 4.3-fold
OB/BMP-2 6.1-fold 3.25-fold 2.3-fold 6-fold

Gene expression in differentiating (OB, OB/BMP-2) versus untreated JPC growing within OPLA scaffolds was analyzed by quantitative PCR
after 12 days of in vitro culturing. nd = not detectable. Induction indices of transcription levels in comparison to untreated controls (=1) are

listed in the table

with a step size of 0.5 °C. Melting curve analysis was
performed at 95 °C 0's, 58 °C 10 s, 95 °C 0 s to allow
discrimination between unspecific primer dimers and
specific PCR products. The transcript levels of the house-
keeping gene GAPDH were also determined for each
sample using specific commercial primer kits (Search LC,
Heidelberg, Germany). Finally, results were calculated as a
ratio of the target versus house keeping gene transcripts.
Induction indices of above mentioned genes from treated
cells (OB-medium/OB-medium + BMP-2) in comparison
to untreated cells are listed in Table 1.

2.10 Statistical analysis

Data are expressed as means + SEM. Statistical analysis
was performed using non-parametric paired/non-paired -
tests for data with a normal distribution. A value of
P < 0.05 was considered as significant.

3 Results
3.1 JPC proliferation of Coll, OPLA and CaP scaffolds

Three days after seeding of JPC into different biomaterials,
significant differences between the collagen, OPLA and
CaP scaffolds were observed (Fig. 1a). JPC proliferation
was 1.77-fold (*P < 0.05) increased within OPLA scaf-
folds in comparison to collagen scaffolds and 2.66-fold
(*P < 0.005) higher than within CaP 3D-constructs
(n = 5). 8 days after in vitro culturing, proliferation rates
within OPLA scaffolds remained significantly higher
(OPLA versus Coll 2.5-fold *P < 0.001 and OPLA vs CaP
3-fold *P < 0.001, n = 5) compared to the cell-seeded
collagen and CaP constructs (Fig. 1b). At this time point,
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JPC seeded on collagen and calcium phosphate showed
nearly the same proliferation rates. At day 14, the same
tendency concerning JPC proliferation within OPLA in
comparison to Coll scaffolds could be observed (Fig. 1c).
JPC proliferation within CaP constructs seemed to overtake
optical densities measured within collagen scaffolds at this
time point however, no significant values could be
obtained.

3.2 Scanning electron micrographs (SEM) of JPC-
seeded 3D-scaffolds

JPC revealed a homogeneous colonization of the different
biomaterials at a high density (200-fold magnification,
Fig. 2). However, SEM visualization of growing JPC
showed different morphology: cells growing within colla-
gen scaffolds showed rather a roundish shape (Fig. 2a),
whereas cell colonization of OPLA scaffolds was so dense,
that only a uniform cell layer and not the single cell
morphology was observed (Fig. 2b). Cells growing within
CaP scaffolds revealed a flat shape (Fig. 2c).

3.3 Real-time oxygen consumption measurements of
JPC-seeded 3D-scaffolds

Real-time measurements of JPC oxygen consumptions
within the different biomaterials (measured in the scaffold
supernatant) spanned 15 days of in vitro culturing. At the
beginning of the experiment, the initial O,-concentrations
yielded average values between 79.5-83% (n = 3). Over
the time course of the experiment, O,-concentration
constantly decreased through the proliferating cells until
day 12-14. At this time point O,-concentrations decreased
significantly on average to 8.52 £+ 1.48% (*P < 0.005) in
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Fig. 2 Scanning electron
micrographs (SEMs) of cell-
seeded scaffolds (n = 3). JPC
were seeded into Coll (a),
OPLA (b) and CaP (c)
biomaterials. Cell adhesion and
spreading was visualized by
SEM (200-fold magnification)

Coll OPLA

JPC-seeded collagen scaffolds in comparison to initial
values (Fig. 3a), 6.6 &+ 1.18% (*P < 0.001) in JPC-see-

ded OPLA scaffolds (Fig. 3b)

and 59 £ 0.95%

(*P < 0.0001) in cell-seeded CaP scaffolds (Fig. 3c).
After day 14, O,-concentrations were slightly increasing
again.
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3.4 JPC proliferation assays and scanning electron
micrographs (SEM) of JPC-seeded OPLA scaffolds
after induction of osteogenesis

Examination of JPC proliferation under three different
culture conditions within OPLA scaffolds showed a stim-
ulating effect of OB-medium and an additional effect of
OB/BMP2 (n = 3). After 3 days of JPC growing within
OPLA scaffolds, JPC stimulated with OB-medium and
additionally with BMP-2 showed higher proliferation rates
than the other two groups (untreated and OB-medium,
Fig. 4a). Eight days after initiation of osteogenesis, pro-
liferation rates of BMP-2 activated cell group fell under the
measured values from the untreated and OB-treated cells
(Fig. 4b). At this time point JPC treated only with OB-
medium showed the highest proliferation rates. After
14 days of differentiation, we found the highest prolifera-
tion in untreated JPC (Fig. 4c). However, differences in
proliferation rates of the three analyzed groups did not
reach significant values at any time point.

SEM visualization from untreated and differentiated
JPC seeded within OPLA scaffolds were performed using
the LEO 1430 electron microscope. Representative elec-
tron micrographs showed a weaker colonization of OPLA
scaffolds when JPC were cultured in standard medium
(Fig. 5a) in comparison to JPC activated with OB-medium
or OB/BMP-2 (Fig. 5b, c). Beside the greatly stronger JPC
proliferation after induction of osteogenesis and the
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multilayered cell growth, a specific nodule formation was
observed in 3D-constructs differentiated with OB-medium
and with OB/BMP-2. Element analysis using EDX spec-
trometry clarified the chemical nature of these particles.
Some analyzed particles showed calcium and phosphorus
as considerable fraction (Fig. 5d, upper panel). However,
much more analyzed particles were mainly composed of
calcium (Fig. 5d, lower panel).

3.5 Analysis of gene expression of JPC-seeded OPLA
scaffolds after induction of osteogenesis

0O,-measurements of JPC-seeded 3D-constructs showed the
highest proliferation after day 12 of in vitro culturing.
Therefore, we chose this time point for gene expression
analysis of JPC-seeded OPLA scaffolds (Table 1, n = 3).

JPC treated with OB-medium and OB/BMP-2 showed
strongly induced transcription levels (4 to 20-fold) of
alkaline phosphatase compared with standard medium.
However, activation with BMP-2 did not lead to a further
activation of AP.

In contrast to AP, gene expression levels of Runx-2
seemed to be further activated through BMP-2. Whereas
OB-treated JPC showed a 1.6 to 3.7-fold induction in
comparison to untreated cells, differentiating JPC addi-
tionally stimulated with BMP-2 showed 2.3 to 6.3-fold
higher transcription levels of Runx-2. Likewise, osterix
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gene expression (Osx) seemed to be also BMP-2 suscep-
tible. JPC treated with OB-medium showed only a weak
induction of Osx mRNA copy numbers. In contrast, in OB/
BMP-2 stimulated cells an activation of up to 32-fold of
this gene was detected, however in general, osterix
expression levels remained very low.

Analysis of insulin-like growth factor-la (IGF-1o)
expression revealed a repression of this gene (data not
shown), whereas a strong induction of IGF-2 transcript
levels was observed during JPC osteogenesis. In OB-trea-
ted cells we found a 4.3 to 23-fold higher mRNA copy
number and a 6 to 34-fold induction of IGF-2 in OB/BMP-
2 activated JPC in comparison to untreated JPC. Osteo-
calcin and osteopontin gene expression analysis showed no
significant difference in comparison to control JPC (data
not shown).

3.6 Detection of alkaline phosphatase within JPC-
seeded OPLA scaffolds

Addition of the substrate naphthol AS-MX phosphate and
fast violet B salt to the JPC-seeded OPLA-scaffolds
revealed strong differences between OPLA scaffolds cul-
tured in standard medium, OB-medium or OB/BMP-2
(Fig. 6, n=3). While OPLA-scaffolds containing
untreated JPC in standard medium remained nearly
unstained, 3D-constructs containing differentiating JPC in

OB/BMP-2

OB-medium and OB/BMP-2 showed a strong positive
reaction (reddish dye). Semiquantitative staining revealed
no differences between OB-medium and OB/BMP-2 cor-
responding to gene expression data.

4 Discussion

In the present study, we examined 3D OPLA scaffolds for
their growth and osteoinductive potential for human jaw
periosteal cells (JPC). Between commercially available
collagen (Coll), open-cell polylactic acid (OPLA) and
calcium phosphate (CaP) 3D-scaffolds, OPLA seemed to
be the most beneficial for human JPC growth at all ana-
lyzed time points.

Analysis of proliferation rates by classical determination
of cell numbers lacks on a sufficient yield of detachable
cells from the scaffolds. Therefore, we used two approa-
ches to measure proliferation rates within the scaffolds.
JPC proliferation tests within the three different scaffolds
(Coll, OPLA and CaP, Fig. 1) reflect the real proliferation
rates due to the same metabolic activity of the cells—they
were all treated with standard medium. Analysis of pro-
liferation during the osteogenesis process resulted in weak
differences between the untreated and both differentiated
groups. In contrast to our proliferation test, scanning
electron micrographs clearly showed a denser and multi-
layered colonization of OPLA scaffolds after initiation of
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Fig. 5 Scanning electron micrographs (SEMs) of untreated and
differentiating JPC seeded within OPLA scaffolds. Untreated JPC
showed a weak colonization on the surface of OPLA scaffolds (a) in
comparison to JPC treated with OB-medium or with OB/BMP-2 (b,
¢). SEMs are illustrated in a 1000-fold magnification. Furthermore,
JPC seeded within OPLA scaffolds revealed a specific nodule

osteogenesis (Fig. 5a—c). This suggests that our prolifera-
tion test measures the metabolic activity, but is not able
to detect the real proliferation rates of differentiating
JPC. During osteogenesis JPC were strongly proliferated
whereas metabolic activity was downregulated as indicated
by the test.

Furthermore, using a new approach, we were able to
continually measure oxygen concentrations within each
well containing cell-seeded 3D-scaffolds during 15 days
of in vitro culturing. We found the highest oxygen
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formation (c, black arrows) under differentiating conditions after
13-14 days of in vitro culturing (b, c). Representative element
analysis of formed particles by EDX spectrometry is illustrated in (d)
(Au and Pd peaks are caused by sputter coating of samples). X-axis
denotes kiloelectron volt (keV) and y-axis denotes counts per second

(cps)

consumption between 12-14 days of in vitro culturing.
After this time point, oxygen concentrations increased
again, suggesting that JPC probably undergo apoptosis.
These results indicate that the in vitro culturing time within
the 3D-constructs should not exceed 12—-14 days, but rather
fall below this time limit. Oxygen measurements were
determined within 24-well plates in a relatively high vol-
ume of culture medium. Therefore, the limitation of this
test is that alterations in oxygen concentrations could be
obliterated.
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control

OB

OB/BMP-2

Fig. 6 Detection of AP within OPLA scaffolds after 13-14 days of
in vitro culturing (n = 3). JPC were seeded within OPLA scaffolds.
After 13-14 days of in vitro culturing, untreated (control) and
differentiating JPC (OB-medium and OB/BMP-2) were stained with
the naphthol-phosphate substrate for detection of AP activity.
Scaffolds containing untreated JPC remained unstained whereas
constructs containing differentiating JPC exhibited a reddish dye

We chose the time of highest proliferation (day 12) for
gene expression analysis to examine whether the osteo-
genesis process was already initiated. Due to low
proliferation rates and insufficient RNA yield within col-
lagen and CaP scaffolds, we could only analyze gene
expression of differentiating JPC seeded on OPLA scaf-
folds. The reason for the weak proliferation of JPC seeding
within collagen and CaP scaffolds in our experiments is not
clear, despite of their known suitability for osteoblasts. A
possible explanation for this effect could be due to different
composition of the used collagen scaffolds (mixture of type
I and III collagen), which is probably less suitable for JPC
or differences during manufacturing of the used CaP
scaffolds.

While RNA isolation from cell-seeded 3D-constructs
remained tricky so far, we established a new approach for
quick and efficient disruption of 3D-constructs using the
MagNa Lyser instrument. Using this method, cells growing
within the scaffolds are not enzymatically manipulated for a
long time, but gene expression levels reflect the instanta-
neous situation. Induction of osteogenesis-relevant genes
was detected by quantitative real-time PCR, indicating that
this time point may be sufficient for the in vitro initiation of
osteogenesis. The transcription factor osterix is critical for
both skeletogenesis and osteoblast differentiation [17-19].
It regulates transcription down-stream of Runx-2/Cbfal
during skeletal development [19]. Insulin-like growth factor
was already described as regulator of the anabolic activity
of parathyroid hormone on mouse bone [20] as well as
inducer of osteoprogenitor cell proliferation [21].

BMP-2 is known to stimulate and to shorten the time
course of osteogenesis of periosteum-derived cells [22].
Our PCR data support the hypothesis, that BMP-2 inten-
sifies the osteogenic differentiation process of periosteal
cells by further enhancement of the analyzed genes in
comparison to differentiating JPC cultured in the absence
of the recombinant protein. Additionally, we demonstrated
by EDX spectrometry that differentiating JPC within
OPLA scaffolds are able to build Ca precipitates even
though only a small part of them in the form of CaP. This
may be due to incomplete JPC differentiation after day 13—
14 of 3D-culturing. In the 2D-culture system, cells need
20-21 days to completely mineralize.

Choose of the suitable stem cell type remains a further
challenge for bone regeneration research. The comparison
of the chondrogenic potential of mesenchymal stem cells
isolated from periosteum, bone marrow or fat of adult rats
lead to the conclusion that periosteum- and bone marrow
derived cells seem to be superior to cells isolated from fat
with respect to forming cartilaginous tissue [23]. On the
other site the comparison of the osteogenic capacity of
human JPC and mesenchymal stem cells from bone mar-
row (BMMSC) indicate that BMMSC are superior to JPC
concerning this [24]. Recently published, Agata et al.
found that pre-treatment of periosteal cells with basic
fibroblast growth factor (b-FGF) made them more sensitive
to BMP-2 and more osteogenic [25]. Transplants of
periosteal cells treated with BMP-2 after pre-stimulation
with b-FGF formed more new bone than marrow stromal
cells did [26]. Periosteal cells are of interest for tissue
engineering applications because of their advantages
compared to BMMSC. The potential for sufficient prolif-
eration of periosteal cells has been demonstrated in elderly
individuals and may persist throughout life. It has been
concluded that the mineralization potential of periosteal
cells is not age dependent [26, 27]. In contrast, the number
of progenitors in bone marrow is thought to decline with
age [28-30]. Furthermore the harvest of JPC is simple and
causes minimal morbidity. Schmelzeisen et al. published in
a preliminary report a successful bone augmentation of the
posterior maxilla using polymer fleeces and pre-differen-
tiated periosteal cells [31].

It remains difficult to meet all demands of bone regen-
eration. The high degree of variability in form and function
of bone suggests that not only one solution will be optimal
for different clinical applications and defect sites. The
porosity of bone varies from approximately 5% in cortical
bone to over 90% in trabecular bone regions. The forces
applied to bone are partially negligible in calvarial and
midfacial bones. In contrast, the mandible, long bones in
the lower limb and articular joints have to withstand higher
forces.
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The establishment of procedures for the isolation, phe-
notypic and functional characterization of used stem cells
and suitable scaffolds are paramount for the subsequent
application for cell transplantation.

5 Conclusion

In our study, JPC growing within open-cell polylactic acid
scaffolds showed the highest proliferation rates among the
analyzed scaffold types. Scanning electron micrographs
illustrated the denser colonization of JPC-seeded OPLA
scaffolds and formation of nodules after initiation of
osteogenesis. EDX spectrometry demonstrated that JPC
growing within OPLA scaffolds are able to form CaP
particles.

To our knowledge, the analyzed open-cell polylactic
acid scaffolds provide a promising environment for bone
substitutes using human JPC. Further studies remain to
elucidate the osteoconductivity of this scaffold type
in vivo.
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