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ORIGINAL ARTICLE

Osteogenic Differentiation of Bone Marrow Stem Cell

in Poly(Lactic-co-Glycolic Acid) Scaffold Loaded
Various Ratio of Hydroxyapatite
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Eun Young Kim"?, Dongwon Lee", Gilson Khang"”

Departments of 'BIN Fusion Technology, “Polymer-Nano Science & Technology, Chonbuk National University, Feonju, Korea

Background and Objectives: Hydroxyapatite has biocompatibility and bioactivity and similar to bone of in human body.
The purpose of this study is to evaluate osteogenic differentiation of bone marrow stem cell (BMSC) in PLGA Scaffold
added various ratio of hydroxyapatite (HAp).

Methods and Results: PLGA and PLGA/HAp scaffold were prepared using solvent casting/salt-leaching method. BMSC
was seeded on the PLGA and PLGA/HAp scaffold and the samples were cultured in 37°C incubator with 5% CO;
for 28 days. Alkaline phosphatase (ALP) was carried out to evaluate alkaline phosphatase activity at 1, 3, 7, 10 and
14 days. Alizarin Red S stating was performed to identify calcium in scaffold at 1, 7, 14, 21 and 28 days. Compressive
strength was measured to evaluate mechanical property of scaffold. To confirm cell viability, MTT was carried out
at 1, 3, 7, 14 and 28 days. RT-PCR was performed to verify specific marker expression of osteoblast and stem cell
at 7, 14, 21 and 28 days.

Conclusions: Osteogenic differentiation of BMSC was confirmed through ALP, RT-PCR, and alizarin red S staining

in this study. These results suggest that HAp helps osteogenic differentiation of BMSC.
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Introduction

In tissue engineering field, mixture of cells, scaffolds,
and bioactive substance is used for transplantation or
grafting to regenerate or recovery (1-5). The scaffold
among three components plays important roles, which are
maintaining the transplanted cells and helping functions
effectively (6-12). Therefore, the methods for fabricating
the scaffold with various structure and form have been
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developed. Artificial bone transplantation as a final re-
quiring medical technology in irreparable
through accident or disease is increasing by advanced
country. To transplant artificial bone, material or device
should non-toxic during performance of function in the
body (13, 14). HAp (Ca;o(PO4)s(OH),) is known as the
highest biocompatible substitution material among devel-
oped artificial bones and accounts for 70% of bone con-
stituent in human body (15, 16).

HAp as an alkaline calcium phosphate has excellent bi-
ocompatibility and bioactivity because that similar to bone
and minerals component of tooth in human body (17-22).
In other words, HAp is the most widely used biomaterials
in coating of hard tissue and metal implant because that
has non-toxic and promote osteogenic differentiation in-
duction (23-25). As stated above, calcium phosphate sim-
ilar to bone chemically as a substitution material of bone

situation
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which has been tried to coating at bio-metallic material
and invested biocompatibility because that has advantage
that the time fixated on bone is fast (26-28). Poly(lac-
tic-co-glycolic acid) (PLGA) as a copolymer of PLA and
PGA have been used in medical field because it has good
biodegradation and mechanical strength and it was ap-
proved from FDA. And, PLGA has advantage that can be
control biodegradation by ratio of PLA and PGA, but
there is a problem about an attachment of cells on PLGA
due to hydrophobic property. To resolve the problem,
some methods adding natural polymers have been tried in
tissue engineering. Osteogenic differentiation of BMSC cul-
tured in scaffold prepared by mixing PLGA and HAp was
evaluated by alkaline phosphatase (ALP), alizarin red S red
staining, MTT, RT-PCR, SEM as an assay, in this study.

Materials and Methods

Materials

HAp (hydroxyapatite) was purchased from CGbio Co.
(Korea). PLGA (lactide/glycolide: 75/25, molecular weight:
90,000 g/mole) was bought from Boehringer Ingelheim
Chem. Co. (Germany). Methylene chloride and all reagents
were used a high performance liquid chromatography
(HPCL) grade.

Isolation of bone marrow stem cell (BMSC)

BMSC was isolated from leg of female white rabbit (4
weeks, White New Zealand). After remove hair of rabbit,
a leg bone was collected using surgical tools. And, bone
marrow was collected using 18-gauge syringe on clean
bench after cutting bone. Monocyte was isolated from col-
lected bone marrow using centrifugal separator.

Cell culture
BMSCs were cultured in Minimum Essential Medium-
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Fig. 1. The manufacturing methods of PLGA and PLGA/HAp
scaffold.

a (Gibco Co., Carlsbad, CA, USA) supplemented with
10% fetal bovine serum (FBS) and 1% penicillin/strep-
tomycin (Gibco Co.). The media was replaced every 2
days. 0.05% trypsin solution (Gibco Co.) was used to de-
tach a cell from T-flask floor surface when passaging the
BMSC. The BMSC was used at passage 2 in this study.
5x10* cells of BMSC were cultured on PLGA and
PLGA/HAp scaffolds for 28 days. After seeding the cell,
the media was replaced every two days.

Preparation of PLGA and PLGA/HAp scaffolds

PLGA and PLGA/HAp scaffold were prepared using
solvent casting/salt-leaching method as shown in Fig. 1.
To prepare the PLGA/HAp scaffolds by various ratio of
HAp, the scaffolds were prepared through ratio like Table
1. Manufacturing process of the scaffolds is as follow.
After dissolving PLGA of 1 g in methylene chloride of 4
mL, added HAp of ratio of 0, 10, 20, 40 and 60% in there,
and added NaCl with 250~355 xm size of 9 g. And, the
mixture was put in silicon mold (diameter: 7 mm, height:
3 mm), then compressed the silicon mold under 60
kgf/cm’ for 24 hours. To remove the salt, the scaffold im-
mersed in distilled water for 48 hours and the distilled
water was changed every 6 hours. Finally, the scaffolds re-
moved the salt was lyophilized under 8mTorr and —80°C
for 24 hours.

Compressive strength of scaffolds

To confirm mechanical property of scaffolds, com-
pressive strength test was carried out using texture ana-
lyzer (TMS-Pro, Sterling, VA, USA). Height of each scaf-
fold was measured to evaluate compressive strength of
scaffold and half height of the scaffold was compressed
under speed of 20 mm/sec and force of 0.5 N.

Scanning Electron Microscope (SEM)

The morphology of PLGA and PLGA/HAp scaffold was
observed using SEM (LV-SEM, S-3000N, Hitachi Co.,
Tokyo, Japan). To observe the scaffold using SEM, the
scaffold was fixed on the carbon fiber tape and then coated
by platinum-palladium for 180 sec under argon gas. The
sample was measured in voltage of 10.0 kV and 20.0 kV.

Table 1. The ratio of PLGA and HAp in scaffold

HAp
PLGA
0Og 0.1g 02 g 04 g 06 g
1g Type 1 Type 2 Type 3 Type 4 Type 5
(0%) (10%) (20%) (40%) (60%)
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Cell viability

MTT assay was carried out to determine adhesion and
viability of cell in PLGA and PLGA/HAp scaffold con-
taining various content of HAp. The cell was cultured on
prepared scaffold for 1, 3, 7, 10, 14 and 28 days. The scaf-
fold with culture media of 1 ml containing MTT solution
(Sigma Aldrich, St. Louis, MO, USA) of 100 x«1 was
placed in 37°C incubator with 0.5% CO, for 4 hours. After
incubation, the media was removed and refilled dimethyl
sulfoxide (Sigma Co.) of 1 ml and then placed in in-
cubator overnight. And, the optical density was measured
at wavelength of 570 nm using absorbance readers (BioTek,
Winooski, VT, USA).

Alkaline phosphatase activity

Alkaline phosphatase assay (ALP) was performed to
confirm osteogenic differentiation of BMSC cultured in
PLGA and PLGA/HAp scaffold using TRAP and ALP
Assay Kit (TaKaRa, Otsu, Japan) for 1, 3, 7, 10 and 14
days, respectively. To break a cell wall, extraction solution
of 1 ml was put into scaffold seeded cell and then pNPP
solution of 50 «1 put into the sample in order to activate
alkaline phosphatase in scaffold and the sample was
placed in incubator for lhour. After 1 hour, stop solution
of 1 ml was put into the sample. And, the optical density
was measured at wavelength of 570 nm using absorbance
reader (BioTek).

Alizarin Red S staining

To evaluate the osteogenic differentiation of BMSC cul-
tured in PLGA and PLGA/HAp scaffold, alizarin red S
stating was carried out for lday, 1, 2, 3 and 4 weeks.
Media was removed in the scaffold seeded BMSC and
washed the scaffold using PBS three times. Alizarin Red
S staining solution of 50 1 was dropped on the washed
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Fig. 2. Compressive strength of PLGA and PLGA/HAp scaffold.

scaffold and waited for 2 min 30 sec. After 2 min 30 sec,
the scaffold was washed using PBS many times in order
to remove remaining staining solution. And, the stained
scaffold was photographed using camera (Canon Power
shot G6, Tokyo, Japan).

RNA isolation and RT-PCR

RT-PCR assay was carried out to confirm gene ex-
pression of BMSC in PLGA and PLGA/HAp scaffold. To
confirm mRNA of BMSC cultured in PLGA and
PLGA/HAp combined HAp in various ratios, the scaffolds
was put into 24-well plate and were sterilized using 70%
alcohol. And, cells of 5x10* density was seeded on the
scaffolds and the cells were cultured for 1, 3, 7, 14 and
28 days in order to carry out RT-PCR. After cell culture,
mRNA was isolated from cell using TRIzol (TaKaRa). The
mRNA and each primer were put into PCR tube using
One-step RT PCR DryMIX (Enzynomics, Daejeon,
Korea). And, reverse transcription was performed and spe-
cific markers of the samples was amplified through PCR
thermal cycler (TaKaRa). And then amplified DNA of 2
1 was put into 1.2% (w/v) agarose gel and carried out
electrophoresis under voltage of 100 V for 30 min. 3 -actin
was used as a house keeping gene and collagen type I, os-
teocalcin and runx-2 and were used as specific marker of
osteoblast and stem cell. Relative expression value was vi-
sualized by SYBR green fluorescent (SYBRTM Green I
Nucleic Acid Gel Stain, Cambrex, UK) and the image was
observed using ultraviolet irradiation apparatus (Vilber
Lourmat ETX-20.M, Marne-la-Vallée, France).

Results

Compressive strength

Compressive strength of PLGA and PLGA/HAp scaf-
folds was measured to confirm mechanical property as a
substitution material of bone. Fig. 2 is compressive strength
result of PLGA and PLGA/HAp scaffold. The compressive
strength of PLGA scaffold was the highest and content of
HAp in PLGA/HAp scaffold increases, the compressive
strength was decrease. It is showed that HAp weakens the
compressive strength of PLGA scaffold.

Cell viability

MTT assay carried out to confirm cell viability. MTT
result found no significant differences as shown in Fig.
3. There is no significant differences overall, but cell via-
bility cultured on PLGA scaffold was lower than cell via-
bility cultured on PLGA/HAp scaffolds. Especially, cell vi-
ability cultured on scaffold containing 20% HAp was



70 International Journal of Stem Cells 2013;6:67-74

1 HAp0% [ HAp10% ©E HAp 20%
Hl HAp 40% (MM HAp 60%
1.4 |ﬁ| ,;
,L.
124+ T I B I
£
S 1.0
N~
©
-E:' 08'
2
g 0.6
©
S 0.4+
o
(@]
0.2+
0.0 T T T T
1 3 7 14 28
Time (day)

Fig. 3. The proliferation and viability of BMSC cultured in PLGA
and PLGA/HAp scaffold for 1, 3, 7, 14 and 28 days (***p<0.001,
*p<0.05).
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slightly higher than other groups.

Morphology of scaffold

SEM was carried out to observe morphology of PLGA
and PLGA/HAp scaffold. SEM image of the scaffolds was
appeared in Fig. 4. The HAp was spread out more widely
on PLGA containing high content of HAp as shown in
Fig. 4. And, HAp was stuck between pore walls of scaffold.

Alkaline phosphatase activity

Fig. 5 showed alkaline phosphatase assay result. As
shown in Fig. S, ALP result also found no significant dif-
ferences overall. However, alkaline phosphatase activity of
BMSC cultured on scaffold containing 10% HAp was
higher than other groups, but not that much of a difference.

Fig. 4. SEM image of PLGA and

(X300) PLGA/HAp scaffold.
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Fig. 5. Alkaline phosphatase activity in PLGA and PLGA/HAp scaf-
fold for 1, 3, 7, 10 and 14 days (***p<0.001, *p<0.05).

Alizarin Red S staining

To confirm calcium in scaffold during cell culture, ali-
zarin red S staining was performed for 1, 7, 14, 21 and
28 days. Alizarin Red S staining result showed in Fig. 6.
The scaffold cultured cells has white color before staining
and the scaffold had turned red color after stating as
shown in Fig. 6. And. the scaffold stained at lday has
more white color than other groups (7, 14, 21 and 28
days). As time goes by, the staining color became slightly
richer color than before.

Rl i3
” days_

Fig. 6. Alizarin Red S staining of PLGA and PLGA/HAp scaffold
for 1, 7, 14, 21 and 28 days.

Reverse transcription-polymers chain reaction (RT-PCR)

RT-PCR was carried out to verify specific marker ex-
pression of osteoblast. /-actin was measured as a house
keeping gene and collagen type I and osteocalcin were meas-
ured as a specific marker of osteoblast. And, runx-2 was
measured as a specific marker of stem cell. Expression of
B -actin appeared at all groups and expression of osteocalcin
appeared to be low at 21 days as shown in Fig. 7. Also, ex-
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pression of runx-2 appeared at initial stage like 7 and 14
days and collagen type I appeared at almost all groups.

Discussion

In this study, PLGA scaffold containing various ratio of
HAp was prepared to evaluate osteogenic differentiation of
BMSC. After preparing the PLGA and PLGA/HAp scaf-
fold, BMSCs were cultured on the PLGA and PLGA/HAp
scaffold for 28 days in vitro. Compressive strength of pre-
pared scaffold was measured to confirm mechanical prop-
erty in connection with bone. Bone is the hardest tissue
in human body, therefore scaffold for bone needs hardness.
When comparing the PLGA and PLGA/HAp scaffold,
compressive strength of scaffolds was decreased as HAp
content increases (29). Compression strength of scaffolds
containing HAp of 0, 10, 20, 40 and 60% was about 41,
38, 36, 33 and 31 N, respectively. And, it was related to
SEM image. HAp was stuck between pore walls as shown
in Fig. 4. It is considered that the compressive strength
of scaffolds containing large amount of HAp was weak be-
cause HAp as a ceramic has weak strength. In MTT result,
cell viability was high on scaffold containing 20% HAp,
but not that much of a difference. It is indicated that 20%
HAp help cell viability a little, but that not effective for
BMSC proliferation (30). ALP as an abundant hydrolase
enzyme in osteoblast shown at initial stage was carried out
to evaluate alkaline phosphatase activity for 1, 3, 7, 10 and
14 days (31). Also, there are significant differences in ALP
result. However, the result showed steady alkaline phos-
phatase activity as time goes by. Especially, alkaline phos-
phatase activity was higher in scaffold containing HAp
than in PLGA scaffold (32, 33). Most of all, alkaline phos-

Osteocalcin 0%

10% 20% 40% 60%

10% 20% 40% 60%

Fig. 7. Gene expression of BMSC
cultured in PLGA and PLGA scaffold
for 7, 14, 21 and 28 days.

phatase activity was the highest in scaffold containing 10%
HAp. It is consider that HAp influenced osteogenic differ-
entiation of BMSC. This result is similar to MTT result
and therefore large amount like HAp of 40% and 60% was
not effective for cell viability and differentiation. RT-PCR
was performed to identify gene expression of osteogenic
differentiaton of BMSC cultured in PLGA and PLGA/HAp
scaffold. S-actin as a house keeping gene appeared in all
group as shown in Fig. 6. And, osteocalcin as a specific
marker of osteoblast appeared in almost all group. When
normalizing the expression of A-actin and osteocalcin, ex-
pression of osteocalcin was a little higher at the scaffold
containing 10% HAp than other group. It is similar to
ALP result and osteogenic differentiation of BMSC was the
most effective on the scaffold containing 10% HAp.
Runx-2 as a specific marker of stem cell appeared at 7 days
and that didn’t appeared after 14 days. It is consider that
differentiation of BMSC occurred because expression of
runx-2 was has been decreasing. Collagen type I is also
specific marker of osteoblast, and expression of collagen
type I appeared at almost all group. The expression of col-
lagen type I don’t have uniform result value, but it was
high in PLGA/HAp scaffold containing 10% HAp when
normalizing expression of /-actin and collagen type I
(data was not attached). In RT-PCR result, osteogenic dif-
ferentiation of BMSC was also good on the scaffold con-
taining 10% HAp. As a result, it is suggested that osteo-
genic differentiation of BMSC was the best on scaffold con-
taining 10% HAp, and large amount of HAp in scaffold
wasn’t effective for viability and differentiation of BMSC
based on above result. Therefore, adding some HAp to
scaffold may help osteogenic differentiation BMSC (34).

In summary, osteogenic differentiation of BMSC was
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great in 10% HAp among 0, 10, 20, 40 and 60% of HAp
through ALP result and RT-PCR. Cell viability was good
in 20% HAp. Finally, the results of this study suggest that
HAp of 10% and 20% was better than other groups (40%
and 60%) for bone tissue engineering.
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