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Background: Ideally, bone tissue engineering products should have the ability of osteocon-
duction and osteoinduction. According to the tissue engineering principle,
mesenchymal stem cells (MSCs) combined with an appropriate scaffold can
be used as a bone substitute for bone defects. Here we used Interpore as a
scaffold loaded with MSCs mixed in hydrogel (Pluronic F127). In order to
demonstrate the osteogenic ability of MSCs in the hydrogel, cell/hydrogel
scaffold constructs were cultured in an induction medium to elicit an
osteoblastic response.

Methods: MSCs aspirated from rabbit bone marrow were cultured in induction medi-
um. MSCs were then loaded into scaffold Interpore with the aid of hydrogel
(Pluronic F127). After culture for 7 and 14 days, osteoblastic differentiation
ability was tested using Alizarin Red S stain, reverse transcription poly-
merase chain reaction (RT-PCR), measurement of calcium and alkaline phos-
phatase levels, and scanning electron microscopy (SEM).

Results: Calcium and alkaline phosphatase levels both increased after 7 and 14 days
incubation. Alizarin Red S staining revealed MSCs could survive and differ-
entiate to osteoblasts in the cell/hydrogel scaffold. RT-PCR showed mRNA
expression of osteopontin and Core binding factor alpha 1 (Cbfa1). SEM
revealed growth of osteoblast-like cells on ceramic pores.

Conclusions: Osteoconductive bone substitute (Interpore) has been used clinically for a
long time. This study showed that MSCs could be held on Interpore with the
aid of hydrogel (Pluronic F127) and that they could differentiate to
osteoblasts.
(Chang Gung Med J 2006;29:363-72)
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Skeletal defects are currently treated with autoge-
nous grafts,(1) allogeneic grafts(2) or synthetic bone

graft substitutes.(3-6) Autografting remains the treat-
ment of choice but limitations, such as inadequate
donor volume and donor site morbidity, contribute to
a need for alternatives.(2) Allografts present similar

scenarios and are further complicated with the poten-
tial for pathogenic transmission.(7) Advances in tis-
sue-engineering technology utilizing synthetic bone
graft substitutes offer the possibility of improvement
in the repair of bone defects.(8)

As bone graft substitutes, biomaterials have pro-
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vided an anchor for the attachment and differentia-
tion of endogenous migratory precursor cells.(9,10) The
ability to characterize the interaction of target cells
with modified biomaterial is an important tool for
monitoring improvements in material technology.
Therefore, bone cell/material interactions should be
evaluated in a cell culture system in order to charac-
terize the cellular response of osteogenic cells to the
biomaterials involved.

Materials and gels based on poly (ethylene
oxide)-poly (propylene oxide)-poly (ethylene oxide)
triblock copolymers (PEO-PPO-PEO) have been
widely studied for pharmaceutical and biomedical
applications, as reviewed by a few groups of investi-
gators.(11-13) These polymers, which are known by the
trade name Pluronics or the generic name poloxam-
ers, are water-soluble, have low toxicity and certain
molecular weights that have been approved by the
Food and Drug Administration (FDA) for use in the
human body. Pluronic F127, a copolymer formed
with 70% polyethylene oxide and 30% polypropy-
lene oxide, forms a reversible thermosensitive hydro-
gel that exists in a liquid state at cold temperatures
and transforms into a thick gel at warm
temperatures.(20) With greater viscosity, Pluronic
F127 becomes a three-dimensional environment and
gradually becomes bioabsorbable. Pluronic F127 is
nontoxic, biocompatible and bioabsorbable,(20) and
can thus be used as an injectable biomaterial.(21,22)

Ideally, bone substitutes should possess the abil-
ity of osteoconduction and osteoinduction but it is
also extremely important to have enough bone
cells.(23) It has been shown that some bone marrow
cells have the ability to differentiate into bone, carti-
lage, muscle and tendon.(24,25) These cells are referred
to as bone marrow mesenchymal stem cells (MSCs).
The ideal MSCs-loaded scaffold should provide both
osteoinductive stimulants and osteoconductive prop-
erties. According to the tissue engineering principle,
MSCs combined with an appropriate scaffold can be
used as an alternative for autogenous bone graft-
ing.(26)

We used a commercial clinical calcium phos-
phate product, absorbable porous ceramics, Interpore
(Pro-Osteon 500R, Interpore Cross International Inc,
Irvine, California, USA) as the porous scaffold. A
number of investigators have shown that osteocon-
ductive materials alone do not increase fusion rate
when compared with autogenous bone grafts.(27,28) In

this study, MSCs were first encapsulated in Pluronic
F127. In order to demonstrate the ability of MSCs to
differentiate in the hydrogel, cell/hydrogel scaffolds
were cultured in the presence of induction medium to
elicit an osteoblastic response.

METHODS

Cell preparation
A three kg New Zealand rabbit was anesthetized

by an intravenous injection of 5 ml of ketamine
hydrochloride (Ketalar, Parke-Davis, Taiwan) and
Rompum (Bayer, Leverkusen, Germany) mixture.
Under sterile conditions, 10 ml of bone marrow aspi-
rated from the iliac bone crest was collected into a
syringe containing 6000 units of heparin to prevent
clotting. The marrow sample was washed with
Dulbecco’s phosphate buffered saline (DPBS) and
disaggregated, by passing it gently through a 21-
gauge intravenous catheter and syringe, to create a
single cell suspension. Cells were recovered after
centrifugation at 600 g for 10 minutes. Up to 2 108

nucleated cells in 5 ml of DPBS were loaded onto 25
ml of Percoll cushion (Pharmacia Biotech, New
Jersey, USA) of a density of 1.073 g/ml in a 50 ml
conical tube. Cell separation was accomplished by
centrifugation at 1100 g for 40 minutes at 20°C. The
nucleated cells were collected from the interface,
diluted with two volumes of DPBS and collected by
centrifugation at 900 g. The cells were resuspended,
counted and plated at 2 105 cells/cm2 in T-75 flasks
(Falcon Plastics, Bedford, MA, USA). The cells
were maintained in Dulbecco’s Modified Eagle’s
Medium - low glucose (DMEM-LG) (Gibco, Grand
Island, NY, USA) containing 10% fetal bovine serum
(FBS) and antibiotics (mixture of 100 units/ml of
penicillin and 100 ug/ml of streptomycin) (Gibco,
Grand Island, NY, USA) at 37°C in a humidified
atmosphere of 5% CO2 and 95% air. After 4 days of
primary culture, the nonadherent cells were removed
by changing the medium. The medium was changed
every 3 days thereafter. MSCs grow as symmetrical
colonies and were subcultured at 10 to 14 days.
Subculture was carried out by treatment with 0.05%
trypsin and 0.53 mM ethylenediaminetetraacetic acid
(EDTA) for 5 minutes, rinsed from the substrate with
serum-containing medium, collected by centrifuga-
tion at 800 g for 5 minutes and seeded into fresh
flasks at 5000 to 6000 cells/cm2. Cultures were incu-
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bated at 37°C in a humidified atmosphere of 5% CO2

and 95% air until cell confluence.

Hydrogel and mesenchymal stem cells
Pluronic F127 was purchased from Sigma

Chemical Corporation (Sigma, St. Louis, MO, USA).
Pluronic F127 consists of approximately 70% ethyl-
ene oxide and 30% propylene oxide by weight. This
material is soluble in water and enters a hydrogel
state at room temperature.

The Pluronic F127 powder was weighed and
slowly added to the culture medium at a low temper-
ature. The mixture was prepared at 20% (wt/vol)
under the room temperature above 25°C and steril-
ized by filtration through a 0.22 µm pore-size
Millipore filter. The culture medium was divided into
two groups: group I being the control group (DMED-
LG containing 10% FBS) and group II being the
experiment group (osteogenic medium). MSCs sus-
pension was mixed at 4 with a 30% solution of
Pluronic F127 at a cellular concentration of 2 106

just before use. The mixture of MSCs and polymer
was injected into a 24-well plate, at room tempera-
ture; this mixture of MSCs and polymer became gel-
like. In group I, each well had DMED-LG containing
10% FBS added; in group II, each well had
osteogenic medium added. In order to promote
osteogenic differentiation, MSCs/hydrogel were cul-
tured in an osteogenic medium (consisting of
DMEM-LG containing 10% FBS, antibiotics, 100
µM ascorbate-2-phosphate, 10-7 M dexamethasone
and 10 mM β-glycerophosphate).

Evaluation of the osteogenic potential of
MSCs/hydrogel

To determine the osteogenic differentiation
potential of MSCs in hydrogel, four tests were per-
formed on the cultures on day 7 and 14: Alizarin Red
S staining, reverse transcription polymerase chain
reaction (RT-PCR), alkaline phosphatase (ALP)
activity measurements and calcium quantification.

Alizarin Red S staining
Alizarin Red staining was used for detecting

calcium deposits. For osteogenesis studies, MSCs
were cultured for 14 days with a composite made of
Pluronic F127 and Interpore. The medium was then
replaced with a calcification medium consisting of
complete medium supplemented with 10-9 M dexam-

ethasone, 20 mM β-glycerol phosphate and 50 ug/ml
ascorbate-2-phosphate for additional 7 and 14 days.
These cultures in dishes were stained with 0.5%
Alizarin Red solution. Sections stained with Alizarin
Red were then examined under a polarized light
microscope.

RNA isolation and RT-PCR for detection of
Core binding factor alpha 1 (Cbfa1) and osteo-
pontin (OPN) mRNAs

After 14 days of various culture treatments, the
alginate MSCs carriers were made soluble by incu-
bation for 20 min at 4°C in a dissolving buffer com-
posed of 55 mM sodium citrate, 30 mM disodium
ethylenediaminetetraacetic acid (Na2EDTA) and 0.15
M sodium chloride at pH 6.8. After mild centrifuga-
tion, the cell pellets were washed twice with the dis-
solving buffer, collected by centrifugation and resus-
pended in DPBS. Extraction of RNA utilized TRI-
ZOL reagent (Invitrogen, Life Technologies,
California, USA). A spectrophotometer (Beckman
Instruments GmbH, Munich, Germany) was used to
quantify total RNA yield. The RNA samples were
reverse transcribed using the ImProm-II reverse tran-
scription system (Promega Corporation, Madison,
WI, USA). Amplification by PCR of cDNA, utilizing
a PCR Master Mix system (Promega Corporation,
Madison, WI, USA), was performed with the follow-
ing primers:

Cbfa1 (5’-CCGCACGACAACCGCACCAT-3’
and 5’-CGCTCCGGCCCACAAATCTC-3’);

OPN (5’-CCAAGTAAGTCCAACGAAAG-3’
and 5’-ATGTCTGCTCCTGTAGTGG-3’);

GAPDH (5’-GCCTGGTCACCAGGGCTGC-3’
and 5’-TGCTAAGCAGTTGGTGGTGCA-3’).

Amplification of Cbfa1 messages was per-
formed for 30 cycles at 94°C for 30 sec, 60°C for 30
sec and 72°C for 30 sec after initial denaturation at
94°C for 2 min. Amplification of OPN messages was
performed for 30 cycles at 94°C for 30 sec, 55°C for
2 min and 72°C for 2 min following initial denatura-
tion at 94°C for 2 min. An aliquot of the reaction
mixture was subjected to electrophoresis on 2%
agarose gel. The PCR products were visualized by
ethidium bromide staining and photographed. Band
intensity was determined and normalized to the con-
stitutively expressed gene glyceraldehyde-3-phos-
phate dehydrogenase (GADPH).
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Quantitative measurement of ALP activity
Since ALP is a cellular enzyme,(31) ALP activity

was measured in living cultures. The culture medium
was withdrawn and the MSCs carrier was washed
twice with 10 mL of Tyrode’s balanced salt solution.
A 10 mL aliquot of ALP substrate buffer (50 mM
glycine, 1 mM MgCl2, pH 10.5), containing the solu-
ble chromogenic ALP substrate (2.5 mM p-nitro-
phenyl phosphate), was added at room temperature.
During incubation, cell-surface ALP converts p-
nitrophenyl phosphate into p-nitrophenol, which then
changes to a yellowish color. Twenty minutes after
substrate addition, 1 mL of the buffer was removed
from the culture and mixed with 1 mL of 1 N NaOH
to stop the reaction. The absorbance of the mixture
was read in triplicate on an ELISA MRX plate reader
(Dynatech Labs, USA) at 405 nm. Enzyme activity
was expressed as n mole p-nitrophenol/min/dish.

Calcium level quantification
MSCs carriers were rinsed twice with Tyrode’s

balanced salt solution and then poured in a 50 ml
tube containing 10 ml of 0.5 N HCl. Calcium was
extracted from the cells by shaking for 24 hours at
4°C. Cellular debris was centrifuged and calcium in
the supernatant was measured quantitatively accord-
ing to the manufacture’s protocol described in the
Sigma Kit #587. Absorbance of the samples was
measured on the MRX multiplate reader (Dynatech
Labs, USA) at 570 nm for 5-10 min after the addi-
tion of pertinent reagents. Total calcium was calcu-
lated from standard curves of solutions prepared in
parallel with the experiments and expressed as µg
Ca/dish.

Loading of interpore with MSCs/hydrogel
Absorbable Interpore (Pro Osteo 500) (Interpore

International, Irvine, CA, USA) is a coralline
hydroxyapatite derived from the goniopora coral by
a hydrothermal exchange reaction with phosphate
(pore volume 65%, mean pore diameter 600 um,
interconnections 260 um). The cylinders were pre-
fabricated.(36)

Interpore was first placed in a 24-well plate and
then 1 ml of MSCs/hydrogel mixture was injected
into each well along with the culture medium. The
culture medium was renewed every 3 days. After 14
days, the Interpore with MSCs/hydrogel mixture was
collected for Alizarin Red S staining and processed

for scanning electron microscopy (SEM).

SEM
After MSCs/hydrogel mixture and MSCs/hydro-

gel loaded Interpore had been cultured for 14 days,
these two constructs were fixed in 2.5% glutaralde-
hyde, dehydrated through a graded series of ethanol,
vacuum dried, mounted onto aluminum stubs and
sputter coated with gold. Samples were examined
using an S-5000 SEM (Hitachi, Japan).

Statistical analysis
Categorical variables of different culture medi-

um were evaluated by repeated measure analysis of
variance (ANOVA) test. ANOVA was used to com-
pare ALP activity (Table 1) and calcium (Table 2)
difference with different culture medium. The level
of significance was set at p < 0.05.

RESULTS

Alizarin Red S staining
Using Alizarin Red S staining, calcium deposits

were detected in MSCs/hydrogel culture and
MSCs/hydrogel loaded Interpore. Figure 1A shows
MSCs/hydrogel cultured in induction medium for 14
days and Figure 2A shows MSCs/hydrogel mixture
loaded in Interpore and cultured in induction medi-
um for 14 days. Figure 1B revealed MSCs/hydrogel
cultured in control medium for 14 days and Figure
2B revealed MSCs/hydrogel mixture loaded in
Interpore and cultured in control medium for 14

Table 1. Alkaline Phosphatase Activity

Control Medium Induction Medium 

7 Days (5.94 0.395) 10-4 (13.94 1.401) 10-4

14 Days (4.89 0.279) 10-4 (6.78 0.278) 10-4

n = 3, p < 0.05

Enzyme activity is expressed as units of alkaline phosphatase
activity.

Table 2. Calcium Level Quantification 

Control Medium Induction Medium 

7 Days 3.7 0.30 15.0 0.95
14 Days 21.9 4.79 42.3 2.56

n = 3, p < 0.05

Total calcium is expressed as µg Ca/dish.
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days. As can be seen, after 14 days in vitro culture,
mineralization in the MSCs/hydrogel and
MSCs/hydrogel mixture loaded in Interpore were
clearly demonstrated in both induction medium and
control medium; MSCs encapsulated in Pluronic
F127 could be induced to an osteoblastic phenotype
and were able to mineralize.

RT-PCR
To determine gene expression of Cbfa1 and

OPN mRNA in MSCs/hydrogel, RT-PCR was car-
ried out with primers specific for Cbfa1 and OPN.
Figure 3 shows the results. Two bands, Cbfa1 (an
osteoblast specific transcription factor essential for

developing a mature osteoblast phenotype) and OPN
(found during early osteoblastic differentiation),
were found in the group cultured in the presence of
induction medium. The presence of Cbfa1 and OPN
mRNA bands indicates osteogenesis of MSCs.

ALP measurements and calcium level quantifi-
cation

In our study, ALP activity measured in the con-
trol medium was 0.594 (0.549, 0.610, 0.623) and
0.489 (0.458, 0.512, 0.497) n mole p-
nitrophenol/min/dish after 7 days and 14 days,
respectively. ALP activity measured in the induction

Fig. 1A Mesenchymal stem cell cultured with Pluronic F127
in induction medium. Red color indicates calcium deposition.
(Alizarin Red S staining)

Fig. 1B Mesenchymal stem cell cultured with Pluronic F127
in control medium. (Alizarin Red S staining)

Fig. 2A Mesenchymal stem cell cultured with Pluronic F127
and Interpore in induction medium. Red color indicates calci-
um deposition. (Alizarin Red S staining)

Fig. 2B Mesenchymal stem cell cultured with Pluronic F127
and Interpore in control medium. (Alizarin Red S staining)
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medium revealed 1.394 (1.414, 1.523, 1.245) and
0.678 (0.710, 0.660, 0.664) n mole p-
nitrophenol/min/dish after 7 days and 14 days’ cul-
ture, respectively (Table 1). A standard solution of p-
nitrophenol (Sigma, St. Louis, MO, USA) was used
for assay of released p-nitrophenol. One unit of
activity corresponds to the release of 1 umol p-nitro-
phenol/min.(16) Calcium level quantification was mea-
sured as 3.7 (3.4, 3.7, 4.0) and 21.9 (16.4, 24.1, 25.2)
µg Ca/dish after 7 days and 14 days’ culture in con-
trol medium, respectively. Calcium level quantifica-
tion was measured as 15.0 (14.2, 14.7, 16.1) and 42.3
(42, 45, 39.9) µg Ca/dish after 7 days and 14 days’
culture in induction medium, respectively (Table 2).
The data showed that in the induction medium,
MSCs/hydrogel mixture could transform MSCs to
osteoblastic phenotype more efficiently than in the
control medium (p < 0.05).

SEM

In the inductive medium, by SEM, cells on
MSCs/hydrogel loaded Interpore appeared to be
polygonal osteoblast/osteocyte-like cells. Figure 4
shows that cells on MSCs/hydrogel mixture cultured
in Interpore can grow onto the pores of Interpore.

DISCUSSION

Previous in vitro investigations have been suit-
able for determining some of the parameters encom-
passing the cell interactions with bone graft substi-
tutes.(14,15) Techniques have included morphologic
assessment of mineralized tissue(31) and osteoclastic
attachment.(17) A common theme for most of these
investigations has been how to monitor the state of
osteogenic differentiation.(14,18,19)

Substitutes for autogenous bone grafts have
been studied for many years. Materials with osteo-
conductive properties have been tested but the results
of these studies have shown that osteoconductive
materials do not meet a high rate of fusion without
induction media in the animal model. The addition of
osteoinductive substances, particularly bone morpho-
genetic proteins (BMPs), led to a significantly higher
rate of fusion than was seen with osteoconductive
materials alone. We hypothesized that mesenchymal
stem cells could provide adequate osteoinductive
material for the carrier.

Many kinds of hydrogel can be applied to
enhance the adherence of cells.(29) In order to enhance
the cells’ adhesion into the inner pores, we used the
hydrogel polymer (Pluronic F127) to help MSCs to
grow on the pores of Interpore. These cells not only
adhered to the external surface but also entered into
the pores of the ceramics. Pluronic F127 meets the

Cbfa-1

Osteopontin

GAPDH

Fig. 3 Total RNA was isolated from MSCs/hydrogel mix-
ture. The primers were specific for Core binding factor alpha
1 (Cbfa1) and osteopontin (OPN). Cbfa1 and OPN were
semi-quantified by reverse transcription polymerase chain
reaction in the group cultured in the presence of induction
medium.

Fig. 4 Mesenchymal stem cells cultured with Pluronic F127
loaded in Interpore showing the cells can grow into the
ceramics. (Scanning electron microscope) 
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following three criteria for being an excellent hydro-
gel: good tolerability, biodegradability, non-toxicity.
The material dissolves slowly, is cleared by renal and
biliary excretion,(30) is soluble in water and becomes a
hydrogel at room temperature in concentrations
above 20%.(20) This thermally reversible swelling of
the polymer solution also undergoes a transition from
a soluble to an insoluble state when the temperature
is raised, making it useful in pharmaceutical com-
pounding. The material can be drawn into a syringe
for accurate dose measurement when it is cold. The
non-toxic properties and stability of Pluronic F127
aqueous solutions make them suitable for use as
injectable vehicles.(32,33) Pluronic F127 gel has already
been used in the treatment of burns(34) and the topical
application of drugs in cancer treatment.(35) It could
increase cell numbers with the ceramic and may be
more effective in promoting MSCs to form new
bone.

Alizarin Red S staining for permanent cytologic
preparations is a valuable test since it can be comple-
mentary to compensated polarized light microscopic
examination for detecting calcium crystals. Alizarin
Red S staining has the greatest sensitivity for the
detection of calcium pyrophosphate crystals because
crystals are stained regardless of how weakly or
strongly birefringent they may be.(37) In this study,
mineralization could be seen in both MSCs/hydrogel
and MSCs/hydrogel loaded scaffold after Alizarin
Red S staining.

The enhancement of osteoblastic differentiation
observed in our experiments is further supported by
the findings of increased ALP and calcium levels as
a result of being incubated with induction medium.
This means that even though there is no induction
medium, the aspirated bone marrow cells contain
osteoblastic promoting potential. In the presence of
the induction medium, ALP and calcium levels
markedly increased at day 7 and 14, respectively.

OPN is a major non-collagenous protein synthe-
sized by differentiated osteoblasts and deposited into
the mineralizing matrix.(40) Cbfa1 has been identified
as an essential factor for osteoblastic differentiation
and bone disappears in Cbfa1 knock-out mice.(41) In
this study, increased amounts of transcripts for Cbfa1
and OPN were expressed after incubation for 7 days
in the presence of induction medium, suggesting
osteoblastic differentiation in the MSCs/hydrogel
mixture.

A critical variable in cell-based techniques is the
number of cells implanted. A larger volume of bone
marrow results in a better union rate, remodeling and
bone formation.(38) The fusion rate of implantation of
100 million cells is better than 1 million cells.(39) In
our study, the number of MSCs was approximately 8
million/dish. The different number of MSCs can be
estimated in our future study to verify the clinical
result of bone fusion.

The results of this study demonstrated that
porous ceramics (Interpore) loaded with injectable
mesenchymal stem cells in the presence of induction
medium can induce MSCs to differentiate to
osteoblasts successfully. This approach may provide
an alternative to grafting in bone fusion.

In this study, our results show that MSCs can be
held on Interpore with the aid of hydrogel (Pluronic
F127) and differentiate to osteoblasts, indicating that
this type of bone tissue engineering products has the
ability of osteoconduction and osteoinduction in
vitro.
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