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ABSTRACT

In case of extensive arthritis, avascular necrosis, or traumatic or tumor
excision-caused loss of osteochondral joint tissues, joint replacement or osteochondral
defect reconstruction is often require joint function. Although there are many
techniques being developed to solve the problem such as drilling chondroplasty,
mosaicplasty, or periostea flap combined with autogenous chondrocyte
transplantation, al of these treatments had their limitations. Prosthetic replacement,
allogenic and autogenic osteochondral grafts have been performed for this purpose.
However, prosthetic joint replacement may be compromised by the limited durability
of non-biological materials used due to wearing and loosening of the implant. The
availability of tissue and morbidity of the donor site have limited the use of autografts.
The major problems for allograft or xenograft are the potential danger of infection
with HIV or hepatitis, and the necessity for immunosuppression with possible serious
complications. Therefore, suitable osteochondral grafts have long been one of the
goals of orthopaedic research. Tissue engineering is arecently developed science with
promising results reported for reconstruction of bone, cartilage, and small joints. The
project try to use the tissue engineering technique to fabricate osteochondral grafts
with bone marrow-derived mesenchymal stem cells seeded on the bi-phasic scaffold.
The scaffold is a bi-layer structure with gelatin/Hyaluronan/chondroitin-6-sulfate
copolymer sponge on the top and porous hydroxhapaptite beneath. The growth factors
will be incorporated into the system by surface graft, microsphere delivery, and
dripping into the cultural medium. All the cultured system will be performed in a new
designed double-chamber bioreactor. The bone-ligament-bone graft will be prepared
under the same philosophy as that of osteochondral graft.

The project is a three-year study. In the first year, all kinds of scaffold used
into the study will be developed to mimic the extracellular matrix of real tissue as a
viable matrix. The new designed bioreactor will be assembled and tested to fit the
demands of future applications. Growth factors, TGF-B1, bFGF, and PDGF, will be
encapsulated with biodegradable polylactide and liposome by lyophilization and
intramolecular interaction. The MSCs will harvest from the bone marrow and then
preliminarily seed on the viable matrix. A PLGA fiber seeded with ligament stem cell
will prepare to cooperate into the system later. The tidemark at the junction of hyaline
cartilage and subchondral bone will be developed by ameoblast-seeded bovine bone
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Progress Report:

Development of Double-Chamber Bioreactor for
Osteochondral Tissue Engineering and the

M aking of Biphasic Scaffold with Growing of
the Cartilage on the Scaffold

Design of, and rationale for, the double chamber bioreactor

The double-chamber bioreactor consists of two glass chambers, each of which has
three branch tubes for medium inflow, medium outflow, and oxygen ventilation. The
bioreactor is made of glass, which is completely transparent. The outer diameter of
the bioreactor is 48 mm, and the inner diameter is 45 mm. The chambers are separated
by a silicon septum with multiple holes to hold the biphasic scaffold. The glass
chamber can be sterilized by ethylene oxide and the silicon septum can be sterilized
with 75% alcohol. Magnetic bar stirring provides the mechanical stimulation for the
engineered cartilage. The whole setting can be put into a standard humidified
incubator at 37°C and 5% CO,. The bioreactor has two independent medium
circulation systems (Fig. 1(a) and (b)) and thus can be used to supply different types
of culture mediato support different kinds of cellsin co-cultures or different induction
mediato induce mesenchymal stem cellsto differentiate into chondrocytes and
osteoblasts in the same biphasic scaffold (e.g. medium containing
beta-glycerophosphate and dexamethasone for induction of bone formation and
medium containing TGF-beta 1 for induction of cartilage formation). We
hypothesized that the different medium in the different chamber will not mixed up due



to the limited diffusibility in the biphasic scaffold. However, limited diffusion of the
cytokinesis supposed to occur inside the scaffold, which could facilitate
micro-interactions between different cells at the interface, but little exchange will
occur between the two chambers. In addition, as the cells secrete increasing amounts
of matrix, diffusion would progressively decrease.

Fig 1 (a).

The design of Double-Chamber bioreactor: The double-chamber bioreactor consisted
with two glass chambers. Each chamber contains three branch tubes for medium
inflow, medium outflow and oxygen ventilation. The two chambers were separated
with asilicon septum with multiple holes to hold the biphasic scaffold. Magnetic bar
stirring provided the mechanical stimulation for the scaffold. The bioreactor contains
two independent medium circulation systems.

Holes on to hold the scaffolds



Fig 1 (b). The Double-chamber bioreactor.

Fabrication of biphasic scaffolds and SEM and confocal microscope examination:

Cancellous bone, obtained from calf femoral condyles, was cut into small cubes
of approximately 1 cm?®. To avoid cracking and soot formation in the material during
heat-treatment, the cubes was boiled in distilled water for 12 h. After boiling, the bone
blocks were dehydrated in an alcohol series and dried at 70°C for 3 days. To remove
organic matrix, the dried blocks were calcined in a conventional Ni-Cr coiled furnace
by increasing the temperature to 800°C at arate of 10°C/min and maintaining it at this
temperature for 6 hours. The calcined blocks were placed on a platinum sheet and
heated in a SIC heated furnace to 1350°C at arate of 2.5°C/min and maintained at this
temperature for 1 h to sinter the bone. The material, the so-called “ sinbone’, was then
cooled to room temperature by slow furnace cooling, then cut into a cylindrical shape
with 20 mm in length and 10 mm in diameter.

Gelatin powder, extracted and purified from porcine skin, with an average
molecular weight of about 60,000-100,000 daltons on SDS-PAGE (Sigma Chemical

Co., USA) was dissolved as a 1% solution in deionized water in a 65°C water bath
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with continuous stirring. A final concentration of 0.05 % (w/w) hyaluronan (HA)
(Seikagaku Co., Tokyo, Japan) solution was then added, giving a gelatin/HA molar
ratio of 9:1.

The sinbone block with 20 mm length and 10 mm diameter was soaked for 30
minutesin 5 ml of the gelatin/HA solution at a negative pressure of 10 torr, then the
sinbone/gelatin was cross-linked overnight at room temperature with 0.01%
glutaraldehyde and lyophilized for three days. The cross-linking and lyophilization
process was repeated another two times. The sinbone/gelatin was then used as a
bilayer scaffold for osteochondral graft tissue engineering. The thickness of the
gelatin layer isabout 2 mm (Fig. 3).

The scaffolds were dehydrated by treatment with a series of graded ethanol
solutions (50% for 12 h, 75% for 2 h, 85% for 2 h, and 95% for 2 h), then left
overnightinavacuum oven at 50  before coating with gold for scanning electron
microscope (SEM) examination. One scaffold was examined using aLeica TCS-SP2
confocal microscope with an Ar/Kr laser with awavelength of 568 nm.

Under the SEM, the dehydrated gelatin scaffold had a uniform pore size of 180
M m and an adequate porosity of 75 % (Fig. 4(a)). This highly porous structure of the
scaffold would be expected to alow cell growth and proliferation, and the size of the
pore should increase even further on soaking in culture medium, allowing cell
penetration and adhesion. In the calcined bone part of the scaffold, the natural
trabecular pattern was preserved (Fig. 4(b)). On confocal microscope examination
(Fig. 5), the porous gelatin structure could be seen, and had infiltrated into the pores
of the calcium phosphate. The poresin the gelatin and calcined bone are
interconnected, which would facilitate micro-diffusion in the interface.

Fig 3.
The gross appearance of the biphasic scaffold.




Fig. 4 (a) Scanning electron microscopic examination of the gelatin scaffold showing
aporous structure with a uniform pore size of about 180 m and porosity of 75 %. (b)

Scanning electron microscopic axamination of the calcined bone showing the
preservation of the trabecular pattern.




Fig. 5 Under confocal microscope examination, porous gelatin structure can be seen,
and the gelatin structure had infiltrated into the pores of calcium phosphate. The
integration of cartilage part and bony part of scaffold depends on this penetration.

| solation of Condrocytes:

Full thickness articular cartilage was harvested aseptically from adult porcine knee
jointswithin 12 h after slaughter and chondrocytes isolated by incubating the cartilage
specimensfor 12— 16 h at 37°C in DMEM medium (Hyclone Co., Logan, Utah, USA)
containing 0.2 % collagenase (Sigma Co., . Louis, USA). The isolated chondrocytes
were resuspended in phosphate-buffered saline (pH 7.4), washed, and counted using a
hemocytometer. Chondrocyte viability was determined using Trypan blue dye
exclusion. The monolayer culture is subcultured after aweek. The chondrocytes were
culture expanded for 2 weeks before seeding to the biphasic scaffold.

Seeding of Chondrocytes and Cultured in Double-Chamber Bioreactor

Biphasic scaffold cylinders (20 mm long, 10 mm diameter, 3 mm thick in cartilage



part) were sterilized with 75% ethanol. Chondrocytes were expanded in DMEM
containing 10% fetal bovine serum (Biological Industries Ltd, Kibbutz Beit Haemek,
Israel), 1 % penicillin/gentamicin (Sigma Co., St. Louis, USA), and 50 p g/ml of
L-ascorbic acid (Sigma Co., &. Louis, USA). At confluence, the chondrocytes were
trypsinized and resuspended at a concentration of 5.3 x 10’ cellsml DMEM, and then
about 2 ml of cell suspension was injected into each scaffold (10° cells per scaffold).
The cell-containing scaffolds were then cultured in double-chamber bioreactor for 2
and 4 weeks. The medium in the spinner flask was changed every week. The magnetic
bars were stirred at 70 rpm for 10 hours to distribute the cells more evenly, then at 50
rpm during the rest of the culture period. Quadruplicate samples were removed at
each time-point and fixed with formaldehyde, decalcified with 5% formic acid, and
dehydrated by exposure to an ethanol gradient. The specimens were embedded in
paraffin and cut into 5 y m slices then stained with H & E stain for histological
examination. Alcian blue was used to stain glycosaminoglycan and antibodies against
human S-100 protein (Novocastra Laboratories Ltd, Newcastle upon Tyne, UK) or
type Il collagen (Santa Cruz Biotech. Inc., CA. USA) to check the chondrocyte
phenotype.

Cultureresultsin Double-Chamber Bioreactor

After 2 weeks' cultivation of the chondrocytes loaded biphasic scaffoldsin
double-chamber bioreactor, hyaline like matrix production and lacuna formation
around chondrocytes were observed. Some chondrocytes can be seen distributed in
the scaffold pores without matrix production, indicating the early stage of engineered
cartilage formation (Fig. 6(a)). Under Alcian Blue staining, the matrix in engineered
cartilage showed different depth of blue colors, showing the different stages of
sulfating of the matrix (Fig. 6(b)). After 4 weeks' cultivation in double-chamber
bioreactor, the matrix stains bluer than the 2 weeks matrix, indicating more
glycosaminoglycan production by chondrocytes (Fig. 6(c)). On the section of the
decalcified specimen, the interface between cartilage and calcium phosphate can be
seen. Engineered cartilage with lacuna formation on the top of the calcium phosphate
was observed (Fig. 6(d)). The cartilage is well integrated to the calcium phosphate
scaffold through infiltration.

Immunohistochemical staining for S-100 protein and type |1 collagen showed
that chondrocytes cultured in double-chamber bioreactor for 4 weeks retained their
phenotype in the cartilage part of biphasic scaffold. As shown in Fig. 7(a), the cells
retained their round shape and stained positive for S-100 protein. The round shape of
chondrocytesis an indicator of phenotype retention and is essential for matrix



formation. S-100 protein is only found in cells of ectodermal origin and chondrocytes
are the only cell of mesenchymal origin to express S-100 protein; S-100 expression is
lost when chondrocytes lose their phenotype. As shown in Fig. 7(b), the chondrocytes
were also stained with anti-type Il collagen antibody. Type Il collagen, which is
essential for articular cartilage, is produced by chondrocytes; these results therefore
show that the chondrocytes in the scaffold were functionally active.

Fig. 6
(a)




(b)

(€)
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Fig. 7






BIPHASIC EFFECTSOF NITRIC OXIDE ON CHONDROCYTE
ACTIVITIES

ABSTRACT

Chondrocytes play critical roles in cartilage formation.
Promising new therapies based on tissue engineering have
been recently developed for cartilage repair. The
development of cartilaginous tissue is dependent on the
environment that surrounds it. Nitric oxide contributes to
the regulation of chondrocyte activities. This study is aimed
to evaluate the roles of nitric oxide on human chondrocytes
using sodium nitroprusside as a nitric oxide donor.
Administration of human chondrocytes with low
concentrations of sodium nitroprusside (<0.1 mM)
significantly caused a 20-30 % increases in the levels of
nitric oxide. In parallel to the increase of nitric oxide, the cell
proliferation of chondrocytes was significantly enhanced.
| mmunoblotting analyses of collagen type | and Il revealed
that low concentrations of sodium nitroprusside increased

the protein levels of these tow extracelular matrixes.
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Exposure of chondrocytes to 1 mM sodium nitroprusside
significantly augmented 2-fold nitric oxide and lead to cell
injury and death. Apoptotic analysis showed that a high
concentration of sodium nitroprusside significantly
increased the percentage of chondrocytes undergoing
apoptosis. This study has shown that the dight increases in
nitric oxide (20-30 %) could promote chondrocyte
proliferation and synthesis of extracellular matrix collagen
typel and Il. However, when the increases of nitric oxide are
more than 2 folds, chondrocytes would be damaged and the

death mechanism isvia an apoptotic pathway.

INTRODUCTION

Chondrocytes play important roles in cartilage formation. The autologous in
vitro expansion of chondrocytes is a new method for the treatment of localized
cartilage defect zones in humans. The association of biomaterials with autologous
chondrocytes expanded in vitro can represent a useful tool to regenerate this tissue.
The development of cartilaginous tissue is dependent on the environment that
surrounds it. Tissue engineers have taken a cue from normal cartilage physiology and
incorporated the use of mechanical stimulation into their attempts to engineer
functional cartilage. Promising new therapies based on tissue engineering have been
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recently developed for cartilage repair (Shieh and Athanasiou, 2003). Recent studies
demonstrate that chondrocytes in native articular cartilage and in tissue-engineered
constructs respond to mechanical stimuli through multiple regulatory pathways.
Responses of the cells are manifested by intra- and intercellular signalling, alterations
in transcription level, protein trandation, post-translational modifications, and
synthesis of intracellular and extracellular macromolecules (Darling and Athanasiou,
2003).

Nitric oxide (NO), produced from L-arginine by nitric oxide synthase (NOS), is
involved in various physiological and toxicological processes in many tissues
(Moncadaet a., 1991). Our previous study had shown that NO, released from sodium
nitroprusside, caused osteoblast insults through the apoptotic mechanism according to
several lines of evidence including morphological shrinkage, the increase of apoptotic
cells and DNA fragmentation (nuclel TUNEL and DNA ladder assays) (Chen et al.,
2002). However, low levels of NO could protect osteoblast from oxidative
stress-induced cell damage (Chen et al., 2001). Chondrocytes can produce NO and
this oxidant contributes to the cell activity (Terauchi et a., 2003; Yoon et al., 2003).
This study is aimed to sutdy the roles of NO in chondrocyte activities, including cell
proliferation, production of collagen types| and Il, cell injuries.

MATERIALSAND METHODS

Cell culture and drug prepatration

Human chondrocytes were purchased from Cell Applications, Inc. (San Diego,
CA, USA). These cells were seeded in chondrocyte growth medium (San Diego, CA,
USA). All cultures were maintained at 37 °C in a humidified atmosphere of 5 %
COx-95 % air. When chondrocytes grew to a confluent monolayer, they were
sub-cultured for various experiments.

Sodium nitroprusside (SNP; Sigma, St. Louis, MO, USA) was dissolved in a
PBS buffer (0.14 M NaCl, 2.6 mM KCI, 8 mM NaHPO,, 1.5 mM KH,PO,) to 200
mM as a stock solution, protected from light, and stored at —20 °C for use in related
experiments. Chondrocytes were treated with various concentrations of SNP for
different time intervals. Cell morphologies were observed and photographed by a
reverse-phase microscope.

Assay of nitritein the culture medium

The amounts of NO in cultured medium were evaluated using enzymatic
reduction of nitrate by nitrate reeducates and following the spectrophotometric

15



analysis of total nitrite with Greiss reagent according to the standard protocol of
Bioxytech NO assay kit (OXIS International, Inc, Portland, OR, USA). In the kit,
nitrate reductase was used to reduce nitrate to nitrite, and the amounts of total nitrite
were determined to represent the amount of NO in the culture medium.

Determination of cell viability

Mitochondrial function of chondrocytes was assayed by the ability of viable
cells to convert soluble 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) into an insoluble dark blue formazan according to the method of Carmichael
et al. (1987). In the bulk cell photometric MTT assay, the bulk conversion of MTT in
the well of a 96-well plate was measured photometrically. MTT was dissolved in PBS
at a concentration of 5 mg/ml and sterilized by passage through a 0.22-um filter.
This stock solution was added (one part to 10 parts medium) to each well of a 96-well
tissue culture plate, and the plate was incubated at 37 °C for 4 hr. DM SO is added to
al wells and mixed thoroughly to dissolve the dark blue crystals. After afew minutes
at room temperature, to ensure that all the crystals were dissolved, the plates were
read on a microplate reader at a wavelength of 570 nm. A standard curve was set up
using 200-50,000 cells/well, and the absorbency was directly proportiona to the
number of cells over this range.

Analysis of apoptotic cells

Using a flow cytometer, apoptotic chondrocytes were determined to detect DNA
fragments in nuclei stained by propidium iodide according to the method of Nicoletti
et a. (1991). After treatment, chondrocytes were harvested and fixed in cold 80%
ethanol. Following a process of centrifugation and washing, the fixed cells were
stained with propidium iodide and analyzed using a FACScan flow-cytometer (FACS
Calibur, Becton Dickinson, San Joes, CA, USA) on the basis of a 560 nm dichroic
mirror and a 600 nm band pass filter.

Immunoblotting analyses of Collagen typel and Il proteins

Cells were washed with PBS and lysed in ice cold RIPA buffer (TrissHCI pH 7.2,
25 mM; SDS 0.1%; Triton X-100 1%; sodium deoxycholate 1%; NaCl 0.15 M; EDTA
1 mM) containing 1 mM of phenyl methyl sulfonyl fluoride (PMSF), 10 pg/ml of
aprotinin, 1 mM of sodium orthovanadate and 5 pg/ml of leupeptin. Protein
concentrations were determined with the BCA method (pierce, Rockford, U.S.A.).
Protein (50 pg) was resolved on 12.5% polyacrylamide gels and blotted onto
nitrocellulose sheets using the semidry blot system (TE 70; Hoefer Scientific
Instruments, San Francisco, CA) at 2 mA/cm2 for 60 minin 25 mM Tris-HCI, pH 8.3;
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192 mM glycine; and 20% methanol. The membrane was blocked overnight at
room temperature with a blocking reagent (20 mM Tris, pH 7.4; 125 mM NaCl; 0.2%
Tween 20; 4% nonfat dry milk; and 0.1% sodium azide). Then it was incubated for
1 h with the mouse anti-human collagen type | and Il antibodies, washed three times,
and then incubated with alkaline phosphatase-conjugated rabbit anti-mouse in PBS
and 0.5% Tween 20 for another 45 min with gentle shaking. After three final washes,
the proteins were made visible by the Bio-Rad NBT-BCIP color devel opment system.

Statistical Analysis

The statistical significance of the difference between control and treated groups
was evaluated by Student’st-test. A P value < 0.05 was considered as statistically
significant.

RESULTS

NO was detectable in untreated chondrocytes (Table 1). Exposure of
chondrocytes to 0.1, 0.5 and 1 mM SNP significantly increased 30%, 3- and 5-fold
nitrite. Administration of chondrocytes with 1 mM SNP for 6, 12 and 24 hours
significantly augmented 2-, 5- and 7-fold nitrite, respectively.

Exposure of human chondrocytes to 0.1 mM SNP for 24 hours increased 40%
viability of human chondrocytes (Table 2). SNP at 0.5 and 1.0 mM significantly
decreased 30 and 50% cell viability, respectively. When human chondrocytes were
exposed to 1 mM SNP for 6, 12 and 24 hours, the cell viability was decreased by 20,
50 and 60%, respectively.

Cdll proliferation was assayed using the trypan blue exclusion method to analyse
the permeality of the cell membrane (Table 3). Administration of human chondrocytes
with 0.1 mM SNPfor 24 hours significantly increase 34% cell proliferation. However,
SNP at 0.5 and 1 mM decreased 29 and 52% cell proliferation. After exposing to 1
mM SNP for 6, 12 and 24 hours, the cell proliferation of human chondrocytes was
suppressed by 27, 42 and 58%, respectively.

SNP at 0.1 mM did not cause chondrocyte apoptosis (Table 4). Exposure of
human chondrocyte to 0.5 and 1.5 mM SNP for 24 hours significantly increased 31
and 57% chondrocytes undergoing apoptosis. The percentages of chondrocytes
undergoing apoptosis reached to 12, 49 and 61% after exposing to 1 mM SNP for 6,
12 and 24 hours.

Immunoblotting analysis revealed that collagen type | and Il are detectable in
human chondrocytes (Fig. 1, lane 1). Administration of human chondrocytes with 0.1
mM SNP significantly increased the levels of collagen type | and Il proteins (Fig. 1,
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lane 2). Quantitative analyses using B-actin as the internal standard showed that SNP
at 0.1 mM significantly increase 5- and 3-fold collagen type | and Il protein levels,
respectively.

CONCLUSSION
This study has shown that nitric oxide released from sodium nitroprusside has
biphasic effects on human chondrocyte activities: low concentrations of nitric oxide
production could promote chondrocyte proliferation and synthesis of collagen type |
and |1, however, high concentrations of nitric oxide would lead to cell insults and
death through an apoptotic pathway.
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TABLESAND FIGURES

Table 1 Concentration- and time-dependent effects of SNP on
nitrite

production in human chondrocytes

SNP, mM Nitrite, uM Time, hr Nitrite, uM
0 29+0.2 0 29+0.3

0.1 40+0.3 6 79+0.9*

0.5 8.1+0.5* 12 16.5+2.1*

1.0 16.2+0.7* 24 194+ 35*

Human chondrocytes were treated with 0, 0.1, 0.5 and 1.0 mM
sodium nitroprusside (SNP) for 16 hours or with 1 mM SNP for 6,
12 and 24 hours. The levels of nitrite in culture medium were
assayed by the Griess reaction. Each value was represented Mean
+ SE for n=6. *Vaue significantly different from the respective
control, P < 0.05.

Table 2 Concentration- and time-dependent
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effects of SNP on viability of human

chondrocytes analyzed by MTT assay

SNP, mM Cdll viahility Time, hr Cdll viahility

(OD value at 570nm) (OD vaue at 570nm)
0 0.86 + 0.08 0 1.03+0.09
0.1 1.20 + 0.09* 6 0.84 + 0.03*
05 0.61 + 0.07* 12 0.52 + 0.03*
1.0 0.46 + 0.03* 24 0.42 + 0.05*

Human chondrocytes were treated with 0, 0.1, 0.5 and 1.0 mM
sodium nitroprusside (SNP) for 24 hours or with 1 mM SNP for 6,
12 and 24 hours. Cell viability was assayed by the colorimetric MTT
test as described in Materials and methods. Each value was
represented Mean + SE for n=12. *Value significantly different from
the respective control, P < 0.05.

Table 3 Concentration- and time-dependent
effects of SNP on viability of human

chondrocytes analyzed by trypan blue exclusion

assay
SNP, mM Cdl viahility Time, hr Cdll viability
(OD value at 570nm) (OD vaue at 570nm)
0 100 0 100
0.1 134 + 16* 6 73+ 17*
0.5 71 + 20* 12 56+ 17*
1.0 48 + 12* 24 42 + 14*

Human chondrocytes were treated with 0, 0.1, 0.5 and 1.0 mM
sodium nitroprusside (SNP) for 24 hours or with 1 mM SNP for 6,
12 and 24 hours. Cell viability was assayed by the trypan blue
exclusion method as described in Materials and methods. Each value
was represented Mean + SE for n=5. *Value significantly different
from the respective control, P < 0.05.
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Table 4 Concentration- and
time-dependent effects of SNP on

human chondrocyte apoptosis

Apoptotic cells, %

mM hour
0 21+04 0 1.3+04
0.1 1.9+0.3 8 12.1+2.7*

0.5 319+121* 12 48.7 + 10.3*
1.0 57.1+134 24 60.6 + 12.5*

Human chondrocytes were treated with 0, 0.1,
0.5 and 1.0 mM sodium nitroprusside (SNP) for
24 hours or with 1 mM SNP for 6, 12 and 24
hours. The percentages of apoptotic cells in
human chondrocytes were determined by a flow
cytometric method as described in Materials and
Methods. Each value was represented Mean +
SE for n=6. *Vaue significantly different from
the respective control, P < 0.05.




Fig. 1 Effects of SNP on collagen type | and Il protein. Human chondrocytes were
treated with 0.1 mM SNP for 24 hours and cytosolic proteins were isolated.
Immunoblotting analyses of collagen type | and Il were carried out using monoclonal
antibodies against human collagen type | and Il protein.
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Using hydrogel asdrug carrier and scaffold for cartilage regeneration

lidocaine

Growth factor delivery in tissue engineering affects the success of tissue repair. Recent
studies turned to choose hydrogel as matrix for its convenience in use. Our experiments
mimic the conditions of tissue growing in human body; therefore, the mechanisms of drug
delivery system by using PLLA microspheres encapsulating lidocaine were studied; each of
which was mixed in chitosan gel, and the potential of chitosan as tissue matrix was also
investigated. The results demonstrate that sample drugs in chitosan gel make the release rate
diminish and achieve long-term release. In addition, chondrocytes performed well in chitosan
gel and constructed 3D structure with matrix. In conclusion, chitosan gel is an appropriate
material for both controlled release and tissue regeneration.

Keywords: PLLA, microsphere, chitosan, drug delivery, cartilage regeneration
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Pluronic F-127 Gelation Temperature
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Chitosan/GP Gelation Temperature Determination
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l. Introduction
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AdV Transduction & CAR Expression in hMSC

Summary

Previous reports debated on the effects of differentiation on adenoviral vectors (AdV)

transduction efficiency and Coxsackie-adenovirus receptor (CAR) expression. This prompted

us to investigate the efficiency of AdV transduction and CAR expression in human

mesenchymal stem cells (hM SC) and their differentiated progeny. Current results revealed

high efficiency (> 90%) of AdV transduction and a consistent level of CAR expression in

hM SC by the use of AdV carrying the green fluorescent protein (GFP) reporter gene.

Competition of CAR with blocking monoclonal antibody RmcB resulted in areduction in

transduction efficiency; indicating the CAR involvement in transduction of hMSC. The cells

were then induced to differentiate into bone, fat or neural cells, and results demonstrated that

the differentiation was accompanied with a consistent declinein AdV transduction and a

decrement in CAR expression. According to the present investigation, undifferentiated hM SC

can serve as a gene-delivering system and gene transfer into hM SC before differentiation can

resolve the difficultiesin transduction of their differentiated progeny.

Key Words

Human mesenchymal stem cells (hM SC), adenovira vectors (AdV), Coxsackie-adenovirus
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I ntroduction

Adenovira vectors (AdV) are well known in its stability, ease handling and highly
uptake by many cell typesincluding non-cycling cells. In addition, AdV can be concentrated
to extremely high titers as well.*® Recent advances in AdV modifications offer aless
immunogenic strain (defective recombinants) and an increase in the recombinant genome
insert size.** Therefore, the application of AdV is more relevant for human gene therapy than
other means.

Since the efficacy of virus entry isrestricted by interaction of viral fibers and cell surface
receptors, the abundance and the variety of viral associated surface molecules expressed in
cells are particularly important. The entry pathway for AdV consists of initial binding to the
cells, which is mediated by the association of the adenoviral fiber protein and a 46 kDa
membrane protein known as Coxsackie-adenovirus receptor (CAR),® followed by
internalization, which is through an interaction of viral penton arginine-glycine-aspartate
(RGD) sequence to the avp3 and avp5 integrins.”

The CAR isaprimary passage mediated the uptake of adenovirusin 293 cell line, HeLa
cell line and the cells derived from airways. However, cellular function of CAR is not clear
and CAR isonly expressed in some types of cells and tissues. It has been shown that CAR
expression correlated not only with the undifferentiated state, but also with efficiency of AdV
transduction in oropharyngeal epithelial cells that the superficia layer (more devel oped) had

less CAR expression than basal layer (less developed).? In contrast, CAR expression was only
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demonstrated in a small subset of CD34* bone marrow (BM) and mobilized blood cells,**°
while AdV transduction efficiency and CAR expression increase as the cells differentiate into
erythroid and myeloid haematopoietic cells.* CAR is expressed in human mesenchymal stem
cells (hMSC),™ but not expressed in certain kind of mesenchymal cells, such as primary
human fibroblast.*

Since hM SC can be induced to differentiate into certain kinds of mesenchymal and
nonmesenchymal tissues, they provide a model to study the effects of differentiation on AdvV
transduction and CAR expression. Therefore, we investigated AdV tranduction efficiency and
CAR expression in hMSC and their differentiated progeny. Efforts were also made to
characterize the tranduced hM SC in the differentiation potential and to know the persistence

of transgene expression into hM SC progeny.
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Results

In vitro AdV-mediated gene transfer into hM SC

For these studies, gene transfer was demonstrated by AdV transduction with the

enhanced green fluorescent protein (GFP) gene. The hMSC cultures were infected with

Ad-PGK-GFP; and 2 days later, transduction was assessed by transgene expression. As seen

in Figure 1, after exposure to Ad-PGK-GFP for 2 days, a population of transduced cells was

detected under both fluorescent microscope (Figure 1a& b) and by flow cytometry analysis

(Figure 1c), displaying high fluorescent signal for GFP. At this time, transduced cells

encoding GFP fluorescence were found to have a good viability and no disturbancein

adherence. Transgene was retained and expressed by a small fraction of hM SC progeny even

up to 4 weeks after infection (data not shown). A strong green fluorescence in the infected

hM SC indicated a high efficiency of virus particles entering in cells. The efficiency of

AdV-mediated gene transfer into hM SC as analyzed by flow cytometry was 91.7 + 6.6%

(Table 1). High AdV transduction efficiency was also attained by the use of Ad-CMV-GFP, a

vector directing the expression of GFP under the control of a cytomegalovirus (CMV)

promoter (data not shown).

Expression and participation of CAR in AdV-mediated genetransfer into hM SC

12
|

Conget and Minguell™ have reported that the attachment of CAR receptor but not

integrins avB3 and avB5 is required for AdV-mediated gene transfer into hM SC. Therefore,

12



we investigated by flow cytometry whether these cells express CAR. As shown in Figure 1d,
CAR expression was demonstrated in hM SC by using CAR specific monoclonal antibody
RmcB. The pattern of CAR expression was homogeneous, and near half of the cells had
moderate expression of CAR receptor. To determine the participation of CAR in AdV
infection, hM SC were infected with Ad-PGK-GFP in either presence or absence of
monoclonal antibody RmcB for competing CAR receptor. As shown in Figure 2, incubating
specific monoclonal antibody RmcB against CAR receptor immediately before AdV infection
was able to inhibit AdV infection by nearly 40%. Moreover, the effect of CAR competition by
specific monoclonal antibody to inhibit AdV infection in hM SC was a dose-dependent

manner.

Reduced AdV transduction efficiency and CAR expression in
osteogenic differentiated hM SC

The hMSC culture was induced to differentiate along the osteogenic, adipogenic or
neurogenic lineage as previously described.***> As shown in Figure 3 and Table 1, hMSC had
arelatively low efficiency of AdV transduction with 31%, 14% and 59% at 10 days, 17 days
and 23 days respectively after osteogenic induction. The low efficiency of AdV transduction
in the differentiated cells was correlated with a decrease in CAR expression after 10 days of

osteogenic induction. The level of CAR expression was undetectable at 17 days after

13



induction, but aregain of CAR was observed in 23-days induced cells.

Reduced AdV transduction efficiency and CAR expression in adipogenic differentiated

hMSC

The AdV transduction efficiency was measured in hMSC on day 3, 7 and 10 after

adipogenic induction. As shown in Figure 4, the adipogenic differentiation in hM SC was

accompanied by adecrease in AdV transduction efficiency and a decrement in CAR

expression. There was an inverse correlation between the maturation of adipogenic

differentiation and the efficiency of adenoviral transduction. The observed efficiency was

44%, 30% and 19% at 3 days, 7 days and 10 days respectively after adipogenic induction

(Table 1). CAR expression was only observed in a subpopulation of adipogenic differentiated

hMSC, equal to 5% or less a 3 days after adipogenic induction, but CAR expression was

undetectable if the induction was continued more than 7 days.

Reduced AdV transduction efficiency and CAR expression in neurogenic differentiated

hMSC

Unlike osteogenic and adipogenic inductions, neurogenic induction of hMSC had only

minor influence on AdV transduction efficiency. As shown in Figure 5 and Table 1, the

efficiency corresponding to 5 hr and 5 days after neurogenic induction was 93% and 89%,

14



respectively. However, the prolonged neurogenic culture for 5 days had a lower fluorescent

intensity compared to those had neurogenic induction for 5 hours. In addition, hMSC

undergone neurogenic induction had less CAR expression in total population as compared to

the undifferentiated status.
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Discussion

We confirm in this report that AdV efficiently infect h(MSC, and that transduced
sequences are retained and expressed by a small fraction of hM SC progeny up to 4 weeks after
infection. The 90% transduction rate we have obtained, assessed by transgene expression, is
much higher than that observed by Conget et a in hMSC (19% transduction rate even at MOI
2000)™ and also higher than bone marrow,” cord blood, and mobilized blood CD34+ cells.™
Moreover, the fluorescence intensity of the transduced cell population is high, and maintained
over several daysin culture. This high expression rate associated with both Ad-PGK-GFP and
Ad-CMV-GFPindicate that efficient key factor in AdV-mediated transduction is probably not
on the vector or the promoter the vector used, but dependent on the content or purity of the
cells. Bone marrow, a mixture of many cell populations, contained haematopoietic stem cells
and nonhaematopoietic stem cells that include MSC. Previous reports debated on the
homogeneity of hM SC, but the purity of hM SC depends on the method used to isolate and
enrich them. The hM SC that we have isolated and characterized in previous report has
attained 98% of homogeneity.™ In contrast to undifferentiated hM SC, we did not achieve a
high ratio of transgene expression in hM SC that have been treated by a different induction
medium, where the cells underwent lineage-specific differentiation. Furthermore, several
attempts to improve upon this infection efficiency by manipulating serum and divalention

concentration achieved no increase in the transduction rate in induction medium-treated
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hMSC.

Factors determining the susceptibility of the target undifferentiated and induced cellsto
the AdV infection are not entirely known. AdV utilizes fiber protein to attach to a recently
identified cell surface CAR receptor,® and vitronectin-binding avp3 and a.vp5 integrins
function as secondary receptors to mediate virusinternalization.” The level of CAR expression
but not integrins expression on the cell surface of hM SC determined the efficiency of
AdV-mediated gene transfer*? and the induction of CAR expression on fibroblast promoted
the binding of penton base protein, and facilitated AdV-mediated gene delivery.”® Based on
these observations, we have evaluated CAR expression on hM SC surface before and after
incubation with different induction mediums, and attempted to relate CAR expression with
transgene expression. We reasoned that the initiation of differentiation in hMSC should affect
the level of CAR expression and indirectly have effects on AdV-mediated gene transfer into
the target cells. We observed that, before any induction, hM SC expressed a high level of CAR
expression and more than 90% of hM SC were permissive for AdV infection; moreover,
treatment with any induction medium effectively decreased surface expression of CAR
receptor, and reduced expression of the transgene. Our results suggest that, as reported in
other cell types,® CAR expression is necessarily predictive of the extent of transgene
expression in hMSC. We also observed that incubation of hM SC with CAR specific

monoclonal antibody RmcB significantly reduced about 40% of AdV-mediated gene transfer,

17



confirming the participation of CAR on AdV entry and transgene expression in hM SCs.*
Similar with other reports, however, competition of CAR receptor with monoclonal antibody
did not totally hinder the AdV-mediated gene transfer, suggesting that the necessity of CAR to
infection may be relative rather than absolute, and possibly other, not yet defined, mechanisms
have participated in AdV-mediated gene transfer into hM SC.

The degree of commitment to lineage-specific differentiation coincided with a
reduction in CAR expression in hM SC, suggesting the role of CAR in differentiation-related
pathway. CAR expression is also reciprocally correlated with the maturity of cellular
differentiation in oropharyngeal cellsthat the superficial layer (more developed) had less
CAR expression than the basal layer (less developed).? But CAR expression is upregulated
during maturation and lineage-specific differentiation in haematopoietic cells. Cellular
function of CAR isnot investigated here and slight expression of CAR was observed again in
the late osteogenic differentiation of hMSC. Therefore, efforts still should be made to know
more about the involvement of CAR in cell proliferation and differentiation by the use of
overexpression or deletion of CAR in hMSC.

According to our previous data, h(M SC isolated from 5-10 ml of bone marrow, could be
expanded to 10** in an additional 15 weeks of culture, equal to the total cells of an individual
human body.** The hMSC could be efficiently induced to undergo differentiation by different

induction mediums into bone, fat, cartilage and electrically active neura cells, representing an
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optimal source for cell therapy and tissue engineering.***>*® From aclinical point of view, in
contrast with retrovirus vectors that require extensive culture of target cells and long incubation
times,'” AdV can infect hMSC at extremely favorable conditions. The hMSC infected by AdV
at a1000:1 virus:target ratio with only 0.5 ml of supernatant, while 200 ml of aretrovirus
supernatant with a 10° p.f.u./ml titer would be needed for the same purpose. This dramatic
simplification of infection conditions supports the utilization of AdV for those clinical
conditions in which permanent gene transfer into hMSC is not required. We can envisage two
of these conditions, one being the autografting of hM SC genetically modified by transduction
of acancer therapy gene(s), in which hM SC should express high levels of the therapy gene just
for the time period the cancer is evidenced in the body. Others have shown that the tumor
microenvironment preferentially promotes the engraftment of hM SC as compared with other
tissues.® The hM SC with forced expression of IFN-B inhibited the growth of malignant cellsin
vivo. Importantly, this effect required the integration of hM SC into the tumors and could not be
achieved by systemically delivered IFN- or by IFN-3 produced by hMSC at a site distant from
the tumors. These results indicated that hM SC might serve as a platform for delivery of
biological agentsin tumors. The second circumstance in which AdV-mediated ex vivo
transduction of hM SC could be useful is the implementation of regeneration programs for
tissue repair. Others have demonstrated that BM P2 expressed mesenchymal cells or

osteoprogenitor cells can promote bone formation and help fracture healing.***° AdV could
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thus advantageously be utilized as a vehicle for delivering growth factor gene(s) into hM SC.

The present study demonstrates that CAR israte limiting for AdV infection of hMSC,

and importantly, it demonstrates that CAR loss and reduced AdV-mediated gene transfer in

induction medium-treated hM SC. In addition, we have proved in AdV-transduced hM SC the

maintenance of differentiation potentials and the persistence of transgene expression into

induction medium-treated hM SC progeny. Accordingly, a strategy is designed to use AdV for

delivering therapy gene or growth factor gene to undifferentiated hM SC, and has the gene

persistently expressed after cell differentiation. In conclusion, the hMSC is potentially

utilizable in clinical protocols of cell therapy and tissue engineering, and AdV is a useful tool

for gene transduction into hM SC, particularly for those applications in which high transgene

expression for limited period of timeis required.
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Materials and methods

Cédll Culture

The hMSC was isolated from human bone marrow as previously reported.* In brief, bone
marrow aspirates, washed twice with phosphate-buffered saline (PBS), suspended in
Dulbecco’s modified Eagle’s medium-low glucose (DMEM-LG) supplemented with 10%
fetal bovine serum (FBS), 100 U/ml penicillin, 100 mg/ml streptomycin, and 0.25 pug/ml
amphotericin B, were plated on a 10-cm plastic culture dish comprising a plate with 3-um
pores at a density of 10° mononuclear cells’cm?. Cells that adhered to the pore-containing
plate were recovered at 7 days after initial plating, and the hM SC culture was devel oped by
plating the cells at about 6,000 cells/cm?, and subculturing at aratio of 1:3 when cells reached

more than 80% confluence.

Recombinant adenovirusand AdV infection

An EGFP cDNA from pEGFP-N1 (Clonetech) was subcloned into the adenovirus shuttle
plasmid vector, pAd-PGK, which contains a promoter of the human phosphoglycerate kinase
(PGK) and a polyadenylation signal of bovine growth hormone. The Ad-PGK-GFP, with E1
and E3 deletions, was constructed by homologous recombination and amplified in human
embryonic kidney 293 cells as previously described.? Viruses were purified by CsCl density

gradient centrifugation, and vira titers were determined by plaque-forming assay. Purified
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viruswas stored in 10 mM Tris-HCI (pH 7.4), 1 mM MgClz2, and 10% (vol/val) glycerol at
-80 °C until used for the experiments. For infection, ~2 x 10° cells were seeded on a 10-cm?
petri-dish in 0.5 ml of serum-free DMEM-LG, and virus was added at a multiplicity of
infection (MOI) of 1000. After two hours, 2ml of DMEM-L G supplemented with 10% FBS or
corresponding induction medium was added. Cells were harvested for GFP detection at 48 hr

post infection.

GFPtransgene detection and CAR expression deter mination

Expression of GFP transgene in hM SC was detected by visualization of cells with a phase
contrast microscope equipped with a fluorescence filter set. Alternately, GFP transgene
expression was quantified by flow cytometry after exclusion of dead cells and debris by
staining of propidium iodide (PI) and analyzed using a standard filter set up for FITC
detection (525 nm bandpass filter; FACScan, Becton Dickinson).

For determination of CAR expression, cells were washed twice with PBS and stained with
monoclonal antibody RmcB (anti-CAR, kindly provided by Dr. R. Finberg, Harvard Medical
School, Boston, MA) as hybridoma supernatant or control 1gG for 30 minat 4 ,in PBS
supplemented with 0.1% bovine serum albumin (BSA). After incubation, the cells were
washed twice, and then incubated for 30 minat 4 inthe dark with a

fluorescence-conjugated secondary antibody in PBS. Cells were then washed, suspended in
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PBS, and finally measured for fluorescence by flow cytometry analysis.

Competition of CAR receptor by monoclonal antibody
For competition experiments, suspensions of hMSC, either in culture medium alone (control)
or in medium containing control 1gG or the indicated blocking monoclonal antibody RmcB at
different concentrations were incubated for 1 hr at 4 , and then seeded on dishes and used
for AdV infection. Cells were furthered incubated for 48 hr and the percentage of transduced
cells was scored by flow cytometry.
Induction of Multilineage Differentiation
The hMSC culture was maintained in DMEM-L G supplemented with 10% FBS (as
undifferentiated hM SC) or treated in one of the following formulas: osteogenic differentiation
medium:** DMEM-LG supplemented with 10% FBS, 50 pug/ml ascorbate-2 phosphate
(Nacalai; Kyoto, Japan), 10° M dexamethasone (Sigma), and 10 mM R-glycerophosphate
(Sigma); adipogenic differentiation medium:** DMEM-LG supplemented with 10% FBS, 50
ng/ml ascorbate-2 phosphate, 107 M dexamethasone, and 50 pg/ml indomethacin (Sigma); or
neuron differentiation medium:* cells pretreated with DMEM-L G supplemented with 10%
FBS, 10’ M Retinoic acid (Sigma) and 10 ng/ml b-FGF (GIBCO) for 24 hrs, then serum is
removed and continue culture for 5 hrsto 5 days. The medium was changed every 3 days, the

differentiation status of culture was identified by histochemical and immunofluorescence
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study, and cells were used for AdV infection or for CAR expression determination.

Histochemical and I mmunofluorescence Study

The medium was removed from the culture, and cells were washed twice with PBS. Cells
were fixed in 3.7% paraformaldehyde for 10 minutes at room temperature and washed twice
with PBS. Thecells treated by osteogenic formula were stained with alkaline phosphatase
staining to reveal osteogenic differentiation.* Those treated by adipogenic formulawere
stained with Oil red-O to show adipogenic differentiation.™* Immunofl uorescence study for
neuron marker, with an anti-f-tubulin 111 polyclonal antibody (PRB-435p, COVANC,

Princeton, NJ) was also done to demonstrate neural differentiation.™

24



Acknowledgements

We thank Dr. R. Finberg for the gift of monoclonal antibody RmcB. We also thank Ming-Ling
Hsu for excellent flow cytometry technical support and Dr. Bor-Chun Weng for his assistance
in preparing the manuscript. This work was supported in part by grant No. 92-376-1 from
Veteran General Hospital-Taipel and by NSC 91-2321-B-002-005 from the National Science

Council, Taipei, Taiwan.

25



References

1

10.

11

12.

13.

Crystal RG. Transfer of genesto humans:. early lessons and obstacles to success.
Science 1995; 270: 404-410.

Shenk T. Adenoviridae: the viruses and their replication. In: Fields BN, Knipe
DM, Howley PM (ed). Fields Virology. Lippincott-Raven Publishers:
Philadelphia, 1996, pp 2112-2137.

Wilson JM. Adenoviruses as gene-delivery vehicles. N Engl J Med 1996; 334:
1185-1187.

Lee MG AbinaMA, Haddada H, Perricaudet M. The constitutive expression of
the immunomodulatory gpl19k protein in E1-, E3- adenoviral vectors strongly
reduces the host cytotoxic T cell response against the vector. Gene Ther 1995; 2:
256-262.

Kochanek S et al. A new adenoviral vector: replacement of all viral coding
sequences with 28 kb of DNA independently expressing both full -length
dystrophin and beta-gal actosidase. Proc Natl Acad Sci U SA 1996; 93:
5731-5736.

Bergelson JM et al. Isolation of a common receptor for Coxsackie B viruses and
adenoviruses 2 and 5. Science 1997; 275: 1320-1323.

Wickham TJ, Mathias P, Cheresh DA, Nemerow GR. Integrins a3 and avy(3s
promote adenovirus internalization but not virus attachment. Cell 1993; 73:
309-319.

Hutchin ME, Pickles RJ, Yarbrough WG. Efficiency of adenovirus-mediated
gene transfer to oropharyngeal epithelial cells correlates with cellular
differentiation and human coxsackie and adenovirus receptor expression. Hum
Gene Ther 2000; 11: 2365-2375.

Neering SJ et al. Transduction of primitive human hematopoietic cells with
recombinant adenovirus vectors. Blood 1996; 88:1147-1155.

Bregni M et al. Adenovirus vector for gene transduction into mobilized blood
CD34+ cells. Gene Ther 1998; 5: 465-472.

Rebel VI et al. Maturation and lineage-specific expression of the coxsackie and
adenovirus receptor in hematopoietic cells. Sem Cells 2000; 18: 176-182.
Conget PA, Minguell JJ. Adenoviral-mediated gene transfer into ex vivo
expanded human bone marrow mesenchymal progenitor cells. Exp Hematol 28:
382-390.

Hidaka C et al. CAR-dependent and CAR-independent pathways of adenovirus
vector-mediated gene transfer and expression in human fibroblasts. J Clin Invest
1999; 103: 579-587.

26



14.

15.

16.

17.

18.

19.

20.

21.

Hung SC et al. Isolation and characterization of size-sieved stem cells from
human bone marrow. Sem Cells 2002; 20: 249-258.

Hung SC et al. In vitro differentiation of size-sieved stem cellsinto electrically
active neura cells. Sem Cells 2002; 20:522-529.

M HL et al. Chondrogenesis of human mesenchymal stem cells encapsulated in
alginate beads. J Biomed Mat Res 2003; 64: 273-281.

OyamaM et al. Retrovirally transduced bone marrow stromal cellsisolated from
amouse model of human osteogenesis imperfecta (oim) persist in bone and
retain the ability to form cartilage and bone after extended passaging. Gene Ther
1999; 6: 321-329.

Studeny M et al. Bone marrow-derived mesenchymal stem cells as vehicles for
interferon-f delivery into tumors. Cancer Res 2002; 62, 3603—-3608.
Olmsted-Davis EA et al. Use of a chimeric adenovirus vector enhances BMP2
production and bone formation. Hum Gene Ther 2002; 13:1337-1347.

Partridge K et al. Adenoviral BMP-2 gene transfer in mesenchymal stem cells:
in vitro and in vivo bone formation on biodegradabl e polymer scaffolds.
Biochem Biophys Res Commun 2002; 292: 144-152.

Shyue SK et al. Selective augmentation of prostacyclin production by combined
prostacyclin synthase and cyclooxygenase-1 gene transfer. Circulation 2001,
103: 2090-2095.

27



Ligament cells preparation

1. Ligament cells were obtained from anterior cruciate ligament and Achilles tendon of
Wistar rats. The rats are average 6 weeks old and 250 gm. The ligament and tendon
tissues were digested with collagenase 0.2%/DMEM for 1.5 hours. After washing and
centrifugation 3 times, the solution was shifted to the culture flask. We culture the
cells from the tendon substance and the epitenon tissue. The cells were grown in
tissue culture flasks containing Dulbecco’s modified Eagle mediun (DMEM) and 10%
fetal calf serum, supplemented with nonessential amino acids (0.1mM), L-glutamine
(4 mM), penicillin (100U/ml), streptomycin (100 pg/ml), and Fungizone (0.25 pg/ml)
(Amphotericin B; Gibco Grand Island, NY, USA). The cultures were maintained in an
incubator at 37C with 5% CO2. Ligament cells from both tissues were trypsinized for
5 minutes with the use of a trypsin-Versene (Gibco) mixture (1:250 trypsin , 200
pg/ml Versene EDTA), washed two times with Dulbecco’s modified Eagle medium,
resuspended, and rotated in complete medium until ready for seeding. The medium
was changed every 3 days.

2. Fig : They show the primary culture of ligament cells.

Scaffold preparation and design:

1. The cylindrical polymer scaffolds, which were about 10cm long and 5mm diameter,
were made from PCL and dioxane. The PCL/dioxane concentration is 5% ideally.
We have ever tried the 3%, 5%, and 7% three different concentrations. The 5% of
PCL/dioxane is most adequate for strength, resolvable time, and porocity size. It
must be mixed thoroughly and blended overnight. Then put the solution into the
cylinder shape of glass tube and put at the -20C refrigerator. It needs overnight as
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the same. Then, take out of the polymer from the glass tube and put it into the -20C
50% alcohol solution for substitution. The substitution needs 1-2 days. Then the
PCL polymer isready to use. Asyou use it, you just need to take it out and wait for
the alcohol evaporation. The pore size is about 100 nm diameter.
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Put into -20C refrigerator and wait for overnight.
50% alcohol solution was put into -20C refrigerator even the same.

.I'". '...,\w,".. -
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Put the PCL/Dioxane polymer into 50% alcohol solution for substitution.
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Fig 3 & 4: They show the scaffold pictures of PCL. The pore size is about 80-100
um.

Culturesin bioreactors supplying with cyclic mechanical force

1. The cells were seeded on the scaffold with the concentration of 1,000,000 cells/ml. The
culture medium was monitored with glucose concentration and PH value per day.
The medium was changed one half of volume every 3.5 days. There are two groups for
study. The first group was simply cultivated without cyclic mechanical force adding.
The second group was cultivated with cyclic mechanical force adding. The cycle
period was 5 sec/cycle. The strain of the scaffold was 0.05. We take samples every
week after cultivation for 3 weeks. Then we sent the engineered ligament for H&E
staining and Alcian Blue staining. We also check the DNA content in the standard
specimen.

2. Culturesin bioreactors supplying with cyclic mechanical force

Fig showed the machine that affords stable, periodic, cyclic and longitudinal
tension force. The direction of force is paralel to scaffold and longitudinal
traction.

IGF cloning and transfection

IGF gene cloning procedure was followed the standard procedure of gene cloning.
The tissue was taken from the live Wistar rats under anesthesia. We take the ligament
portion of the patella tendon and Achilles tendon from hind legs. Therat is on average 6
weeks old and 250 gm weight. Then we rinsed and washed the tissue several times
with PBS.  We used the Polytron machine to homogenize the cells. We extract the total
RNA using Trizol Reagent (Invitrogen) following the manufacture's protocol. Then
one-step RT-PCR was performed using the primer we designed from NCBI website and
some reference.  Electrophoresis was done repeatedly for confirmation of the segments
we wanted. 2™ PCR was done for more accurate DNA product. Then gel elution was
done for purification of the DNA. PCR product was ligated into the pGEM-Teasy
vector (Promega). Sequencing was done for making sure of the collection of DNA.
Plating and proliferation in the 3 cc LB solution for checking sense or antisense ligation.
The sequence was checked using restriction enzyme correspondingly. Then we sent
the sample for sequence confirmation again. After sequence confirmation, plasmid was
prepared by using CONCERT High Purity Plasmid Maxiprep System (GIBCO BRL).
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Transfection was done using the Lipofectamine 2000 (Invitrogen). The comparative
group was set-up using GFP marker. The 3-4 generation of ligament cells were used
for transfection. Neomycin is used for screening the non-transfected cells. They are
observed under the fluorescent microscope.

32



Fig 7 & 8 Unde microscope with fluorescence, transfection rate isamost 60%.
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