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Abstract

This study investigated the usefulness of modified polyurethane (MPU) coating micropore membrane bags
for diminishing the immunological responses following organ or tissue transplantation in allogeneic setting.
Spleen from Brown Norway (BN) rats (donor) were placed into the peritoneal cavity of Lewis rat
(recipient) either directly or inside of MPU coated bags. Lewis rat with Sham’s operation served as control.

After 12 and 24 weeks, cytokines of IL —4, IL. 13, TNF —¢t and IFN -y, and flow cytometric evaluations -

for CD4* and CD8" cells of the recipient blood were carried out. TNF —a levels proved polyurethane
coating effective in reducing inflammatory reaction at 12 weeks. Twelve week IFN -y and, CD4* and CDS*
cells indicated that grafi-versus-host-reaction (GVHR) took place but polyurethane coated bag did not
prevent or reduced this reaction. Thus, this study shows that MPU coating might be functional in
preventing inflammatory reaction but is not usefid for preventing GVHR.

1. Introduction

Polyurethanes form a versatile end uscful class of polymers. As biomaterials, their uses have included the
artificial heart, catheters, and synthetic blood conduits! Rejection and graft-versus-host disease are
common as the solid organ transplantation and potential immunosuppressive drugs are routinely used after
organ transplantation. Unfortunately, the risks of opportunistic infections, lymphoblastic malignancy and
metabolic complications are frequently associated with immunosuppressive therapy.>* However, following
most of the allotransplants, cell traffic seems to be a striking svent with all transplants.® Donor cells leaving
the solid organ and recipient cell entering it include passenger leucocytes that were shown to be the main
cause of allopraft immunogenicity. TNF -c. and IFN -y are pro-inflammatory Thi-type cytokines, mediate
cellular immune responses and have been shown to be involved in zllograft rejection. On the other hand,
Th2-cytokine IL —4 and IL -13 played their role in promoting graft survival has been suggested in animal
models."" Donor CD4* and CD8" cells that traffic to recipient, play an important role in the immunogeneic
outcome of the host tissue. The objective of this examination was to evaluate the effect of modified
polyurethane (MPU) coated micropore membrane bag to eliminate or reduce the immunogenicity in an in
vivo study using rat model.

2. Materials and Methods
2.1. Polynrethane coated hag

Bags with a size of 2 x 1.5 cm were made from MPU coated micropore membrane. The outer surface of the
bag were coated by MPLJ, Bags were sterilized and tummed into the hydrophilic characteristic bags by
gradually dipping in 100 %, 90 %, 80 %, 70 %, 50 % and 25 % ethanol aquous solution. Each step lasted
for a half day and finally washed by distilled water and phosphate buffer saline,

2,2, Animsls and Experimental Groups
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Eight-week-old Lewis and Brown-Norway (BN) female rats were obtained from Charles River Japan Inc.
Kanagawa, Japan. Rats were maintained in an air-conditioned animal facility at the national Institute of
Health Sciences. The principles of laboratory animal care (according to NIH Publication No. 85-23, revised
1985) were carefully followed in this study. The rats were fed with a commercial diet and water ad libitum,
pre- and post-implantation periods. $pleens from BN rats (donot) were placed into the peritoneal cavity of
Lewis rats (recipient) either directly or inside of MPU coated bags. Lewis rat with Sham’s operation served
as control. In ancther group, only MPU coated bag was placed into the peritoneal cavity.

2.3. Operative Procedures

The donor, under sedation with ether was anesthetized by intraperitonesi administration of pentobarbital
sodium (20 mg/ kg body weight). After proper sterilization, peritoneal cavity was opened through & ventral
midline incision. From the BN rats spleens were removed and washed with PBS and immediately placed
into the peritoneal cavity of Lewis rats, either directly or inside of a MPU coated bag containing 1 ml of
RPMI 1640 medium (Dutch modification, Gibco BRL, Life Technologies Ltd., Paisley, Scotland). In bag
group, ohly bag containing 1 ml of the mediurn was placed into the Lewis peritoneal cavity and in controf
group, Shant’s operation was performed. After the designated experimental period, rats were anesthetized
in the same fashion as the initial operation. On opening the abdomen, spleens were collected (12 weeks
post implantation only) and blood was collected from the descending abdominal aorta of recipient and then
the rats were sacrificed.

2.4. Cytokines Assay

After 12 and 24 wecks of implantatichn, blood collected from the recipient was centrifuged and supernatant
were stored at --80°C until cytokines were measured, Cytokines levels of IL- 4, IL — 13, TNF- o and JFN- ¥
were measured using conventional ELISA assay (Biosource International, Inc., CA, USA) according to the
manufacturer’s instruction. Cytokine concentrations were calculated using manufacturer supplied cytokine
standards and expressed in pg/ml.

5. Flow Cytometry

The analysis for CD4” and CD8" cells was carried out by flow cytometry. Anti-coagulant treated venous
blood samples were analyzed with two-color flow cytometry to.determine the percentages of CD4* and
CD$* T cells. Briefly, 100 pl of heparin treated venous blood were incubated with 20 i of the indicated
FITC-labeled anti-CD4 and PE-labeled anti-CD8 mAb, vortexed vigorously and incubated at room
temperature for 45 min. Following washing with 4 ml PBS two times, and futher washing with 1 ml of
immuno-lyse working solution and 250 pl of fixative was added within 30 sec to 2 min. After washing by
PBS solution two times, the pelleted cells were analyzed with an EPICS XL II cytometer (Beckman-
Coulter, Margency, France). The analysis was focused on tymphocytes, identified by their forward and
right angle scatter features. At least 10000 events were collected in the lymphocyte gate and analyzed.

2.6. Antibodies

Rat mAb FITC ~conjugated anti CD4 (IM3056) and PE —conjugated anti CD8 were used in this study.
These mAb and iheir isotype-matched negative control mAb [mouse IgG1 -FITC (IM0639) and IgG1 —FE
(IM0670)] were purchased from Beckman Coulter Immunotech (Marseille, France).

2.7, Statistical analysis

Data are presented as mean = SD. Values of different experimental groups wére anatyzed with a paired t
test. Differences were considered statistically significant at p < 0.05).

3. Results
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3.1. Macroscopic findings

At 12 weeks, spleens implanted either directly into the peritoneal cavity or inside of MPU coated bags were
collected and observed. The spleens shrinked and weight of the spleens that were directly implanted into
the peritoneal cavity was more reduced as compared with the weight of the spleens that were implanted
inside the polyurethane coated bags.

3.2, Cytokines Expression
12 week 24 week
CB S BS CB S BS Table 1, C, controk; B, bag; S, spleen; BS, spleca inside bag.
N.D., not done;* L ;* & s =y 00 1
TNF- AL N - than control; 2, no or almost no Increass than control..
L4 - - - - - .
IL-13 - e -

IFN‘Y - + + +

Expressions of various cytokines are summarized in Table 1, Expressions of TNF -a at 12 post-
implantation weeks were increased in all groups as compared to control group. Highest expression of TNF -
o was detected in spleen group, followed by the group of spleen inside of the bag. There was no or almost
no increase in TNF -a expression amoag various groups as compared to control at 24 post-implantation
weeks, I —4 expression at 12 and 24 post-implantation weeks and IL -13 expression at 12 post-
implantation weeks were similar among all experimental groups. Expression IFN -y at 12 post-implantation
weeks were decreased in all experimentat groups when compared with that in the control group.

90

a M Control
E 80 1 OBag
10 O 3pisan
é a0 M Spleen+Bag

(2). 12 weeks implantation (b). 24 weeks implantation

Figure 1. FACS snalysis for CD4" and CD8* lymphocyies of recipient blood. (g) 12 weeks implantation,
(b} 24 weeks implantation, Significantly different from the controls at "p < 0.05.

1.3, Flow Cytometry

At 12 post-implantation weeks, number of CD4" cells were significantly decreased in spleen-group and the
group of the spleen involved inside of the bag {Spleen+Bag) and the maximum decrease was found in
spleen group. CD8*, and both CD4” and CD8" cells were also decreased in spleen gruoup and the group of
spleen involved inside of the bag [Fig. 1(a)]. There was o difference in CD4*, CD8", and both CD4* and
CD8" cell numbers among various groups at 24 post-implantation weeks [Fig. 1(b)}.
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4. Discussion

In atlorecognition, the specific activation of T cells is initiated by the binding of foreign alloantigen and/or
host MHC molecule complex to T-cell receptors. The activated helper T cells secrete lymphokines, which
induce the proliferation and maturation of activated cytotoxic T cells, In addition, helper T cells secrete
IFN -y, which induces cell surface expression of MHC antigens and activates macrophages. At 12 weeks
following spleen implantation, inflammation was noted in all groups except control group and the
polyurethane bags exhibited some protective effect for the implanted organ. The donor spleen T cells were
cytotoxic to recipient T cells and resulted a decrease in secretion of IFN -y in 12 week post-implantation
recipient serum and decreased the number of recipient CD4" and CDB* T cells. At 24 weeks of post
transplantation the spleens placed directly into the peritoneal cavity were absorbed by phagocytosis and
those inside the bags were completely necrosed. Therefore, there was no effective source of donor
eytotoxic T cells to act on recipient T cells and no difference of CD4* and CDS8" T cells number was
observed among different groups at 24 weeks of post implantation. No difference in cytokines TNF -¢¢ and
1L 4 among different groups of implantation were consistent with the fact that there was no effect of donor
T-cells. Also, no inflammatory reaction was obsetved at 24 weeks of post-implantation. As to the best of
our knowledge this study is the first to investigate the role of MPU coating in preventing
inflammatory/immunological responses in allogeneic sctting, we could not compare our data with other
study. However, our date are in agreement of our in vitro study where polyurethane coated bag increased
the viability of donor bone-marrow lymphocytes and diminished immunological responses by recipient
blood lymphotytes (unpublished data),

This study suggests that MPU coated bag is helpful in diminishing the inflammatory response but played
Ro part in preventing the immunological-reaction in allogeneic settings. Further, this anglysis serves as an
early indicator in diminishing inflammatory reactions and more experiments are necessary to improve our
knowledge of the potential role of MPU coating as anti-inflammatory therapeutic agent or as a coating
agents of biomaterials.
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DIFFERENT EXPRESSION OF GAP JUNCTIONAL PROTEIN CONNEXIN43
IN TWO STRAINS OF MICE AFTER ONE-MONTH IMPLANTATION OF
POLY-L-LACTICACID
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Abstract. The implantation of a biomaterial ofien induces host inflammatory responses.
Some adverse effects by the biomaterials, such as poly-L-lactic acid (PLLA) and
polyurethanes (PUs) were reported in animal experiments. PLLA produced
tumorigenicity in rats after long-term implantation. The purpose of this study was to
determine the in vitro effect of PLAO3 (high-molecular weights of PLLA) and PUS
(PTMO/MDI/BD) on the function of the normal human dermal fibroblasts (NHDF) and
the in vivo effect of PLAO3 on the function of the cells originated from the
subcutaneous tissue in the two fernale mouse strains, BALB/cJ and SJL/J, The results
with Scrape-loading and dye transfer (SLDT) assay, Western Blot and RT-PCR analysis
Clearly demonstrated that gap-junctional interceilular communication {GJIC) and the
expression of Cx43 were significantly suppressed in PLAO3-implanted group of
BALB/c) mice in compared to the control mice. While, no significant difference was
found in GJIC and the expression of mRNA level but a little bit difference was abserved
in the Cx43 protein expression between the SJL/J implanted and the control mice. We
considered that the PLAO3 suppressed irreversibly gap junctional protein connexin43 at
the earlier stage after implantation and the suppression of connexind3 gene-expression
- might play a vital role in the inhibition of GJIC and thus promotes the tumorigenesis.
Keywords: Poly-L-actic acid, GJIC, Connexin43.
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1. INTRODUCTION

Some adverse effects caused by the biomaterials, such as poly-L-lactic acid (PLLA) and
polyurethanes (PUs) were reported in animal experiments [1}. PLLA produced
tumorigenicity in rats after fong-term implantation. PUs were also used for implant
applications because of their useful elastomeric properties and high tensile strength,
lubricity, and good abrasion resistance. However, different kinds of PUs induced various
tumor incidences in rats [2]. All tumors have been generally viewed as the outcome of
disruption of the homeostatic regulation of cellular ability to response to extra-cellular
signals, which trigger intra-cellular signal transduction abnormally [3]. We have
hypothesized that the different tumorigenic potentials of PLLA and PUs are caused
mainly by the different tumor-promoting activities of these biomaterials. In the present
study, we investigated the effect of PLAO3 (a high-molecular weight PLLA) and PUS
on the normal human dermal fibroblast (NHDF). Our present results showed that the
PLAO3 inhibited GJIC, whereas PU8 did not inhibit GJIC after 17 days culture on these
materials. These findings inspired us to investigate the role of PLAO3 on the
subcutaneous tissue of the two different responder strains of BALB/cJ and SJL/J mice.

2. MATERIALS AND METHODS

3.1. NHDF Cell culture: The NHDF cells were obtained from Asahi Techno Glass
(Tokyo, Japan), and maintained in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) ina 5 % CO, atmosphere at 37°C.

2.2. Animals: Five-week-old female BALB/cI and SIL/ mice were obtained from
Charles River (Japan).

2.3, Implantation of PLAO3: PLAO3 (20 X 10 X 1 mm) was obtained from Shimadzu
Co. Ltd., and sterilized by ethylene oxide gas prior to use. Sodium pentobarbital (4
mg/kg) was intraperitoneally administered to the mice. A dorsal incision of
approximately 2 cm was made, opposite sites from the incision a subcutaneous pocket
was formed by blunt dissection, and one piece of PLAO3 was placed in the pocket. The
incision was closed with silk thread. In both strains, Sham’s operation group served as
controls. After 30 days, mice were sacrificed and subcutaneous tissues were obtained for
subsequent culture.

2.4. Cell culture of subcutaneous tissues: The subcutaneous tissues were maintained in
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minimum essential mediem (MEM) supplemented with 10% FBS in a 5 % CO,
atmosphere at 37°C. Cells were collected by trypsinization after adequate growth.

2.5. Giemsa staining: When cells reached confluence in tissue culture dishes, cells were
fixed and stained with giemsa sofution. Cells morphology was determined under an
inverted light microscope.

2.6. Scrape-loading and dye transfer (SLDT) assay for detection of GJIC: Confluent
monolayer cells, after rinsing with Ca® Mg® phosphate-buffered saline [PBS (+)] were
loaded with 0.05% Lucifer Yellow (Molecular Probes, Eugene, OR, USA)/PBS (+)
solution and scraped immediately with a sharp blade. After incubation for 5 min at 37°C,
cells were washed three times with PBS (+) and the extent of dye migration length was
measured using fluorescence microscope.

2.7. Western Blot analysis: Cells were lysed directly in 100 ui of lysis buffer (50 mM
Tris-Hel, pH 6.8, 2% sodium dodecyl sulfate, 1 mM phenylmethylsulfony! fluoride).
Equivalent protein samples were then prepared in 7.5 % SDS-PAGE sample buffer
containing 2-ME and loaded on 7% SDS-polyacrylamide gel. After electrophoresis, the
proteins were transferred to Hybond-ECL nitrocellulose membranes (Amersham
Pharmacia Biotech). Cx43 protein was detected by anti-Cx43 polyclonal antibodies and
ECL system.

2.8. RT-PCR analysis: Total cellular RNA was isolated from cultured cells in Trizol
reagent (Life Technologies, Inc.) following the manufacturer’s instructions. cDNA was
synthesized from 1 ug of total RNA by reverse transcript (RT) using the First-Strand
cDNA synthesis kit (Amersham Pharmacia Biotech). Amplification was performed in a
volume of 25 pl containing 1 pl of cDNA, 10 pmol of each primer, 0.625 unit of Tag
polymerase (Promega, Madison, WI, USA) and 0.2 mM of each deoxynucleotide
triphosphate. The amplified product was electrophoresis using 1.5% agarose gel and
visualized with SYBR Green. GAPDH gene was amplified as internal control.

3. RESULTS

NHDF c¢ells: Giemsa staining showed that the NHDF cell cultures predominantly
formed a uniform monolayer of cells. All cultures maintained the elongated shape of
NHDF cells, There was no difference in morphology among the control, PLAO3 and
PUS. In SLDT, the GJIC was significantly inhibited in PLAO3-exposed NHDF cells in
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compared to the controls. On the contrary, no difference was observed between the PU8
implanted and the control groups.

Mouse cells: Inverted light microscopy and Giemsa staining showed that the mouse
cells in cultures formed a cis-cross pattern and caused decreased contact inhibition in
BALB/cJ control group (Figure 1A). On the other hand, in SJIL/J control group, cells
were parallel and maintained the contact inhibition (Figure 1C). All cells in the
implanted groups of both the strains, showed cis-cross pattern and the cells were piled
up in BALB/cJ group more than in SJL/J group (Figure 1B and 1D).

C

Figure 1 Mice cells morphology. A: BAJB/cJ control, B: BALB/cJ implanted, C:
SJL/J control and D: SJL/J implanted.
In SLDT, the GIIC was significantly inhibited in PLAO3-implanted BALB/cI cells in
compared to BALB/c] controls. No difference was observed between the PLAO3-
implanted SJL/J and its controls. To clarify the cause, we also examined the mRNA and
protein expression levels of connexin43 gene and found that the mRNA and protein
expression were suppressed in PLAO3-implanted BALA/c) mice in compared 1o
BALA/cJ controls. No difference was observed between the PLAO3-implanted SIL/J
and SIL/J controls.

4. DISCUSSION

Many factors, that caused tumorigenesis were known, we especially paid attention to the
inhibition of the GJIC in the PLAO3-exposed cells. PLAO3 is a widely used



I (s LY U T S

485

biomaterial for medical and surgical implants. Gap junctions are transmembrane
channels that allow the cell-cell transfer of small molecules and are composed of protein
subunits known as connexin; at least 19 connexins exist and they are expressed in
various kinds of tissues of rodents. Several tumor promoters have been shown to inhibit
GIIC by phosphorylation modification of connexin proteins. Connexins are essential
proteins to maintain the gap junctional channel [4]. To understand the mechanisms of
tumorigenesis induced by PLAO3, we paid attention to the inhibitory effects on GJIC.
GIIC is important for normal differentiation of the cells such as neurons and osteoblasts.
In the present study, the GJIC was inhibited in PLAO3-exposed NHDF and -implanted
BALB/cJ mouse cells. This perturbed gap junction is most likely to play the major role
in the PLAO3-induced tumorigenesis., Our results also showed that the mRNA and
protein expression of connexind3 gene were suppressed in PLAO3-implanted BALB/cJ
mice. Together with these results, we speculated that the inhibitory effect of PLAO3 on
GJIC might be due to the aiteration in the connexind3 protein. The post-translational
modification and decrease in the connexind3 protein has been shown to be involved
with impaired GJIC and could be associated in tumorigenesis mechanism. All
experiments will be further analyzed at 6 and 12 months after PLAO3 implantation and
these experimental data will give us the basic information that are useful for

understanding the adverse event induced by medical and surgical implants.
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Abstract

Biocompatibility of the biomaterials for the differentiation of the human articular chondrocytes were
estimated by reverse transcription-polymerase chain reaction (RT-PCR). We used five biodegradable
polymers for culring with human articular chondrocytes. In addition 10 these five materials, we also
estimated aquous type of fullerene, namely C60 dimalonic acid (C60DMA). Cultures were carried out
using micromass culture method for 4 weeks. Collagen type II, aggrecan and connexind3 gene levels
were estimated using RT-PCR methods. Among the biomaterials, Poly glycolic zcid (PGA) showed
the highest expression level of the collagen type 11 gene. On the contraty, C60DMA showed the
lowest expression level among six kinds of test substances. In the case of the aggrecan gene, PGA
also showed the highest levels, and C60DMA showed the lowest ones. However, the expression
patterns of the connexin 43 gene were different from previous two gencs. Using the multi regression
analysis was carried out between differentiation and these three gene expression levels, There was a
high correlation between cellular differentiation and three pene expression levels.

1. Introduction

Properties of degradation of scaffolds are the important character in the long-term success of & tissue-
engineered cartilage construct, The biodegradable polymers hold the additional advantage that the
cartilage tissue, with the biodegradation of the polymers, may gradually replace the space occupied by
the scaffolds. Extensive studies have been carried out using biorcabsorbable materials. However,
most of those studies used animai eells, whereas Jittle information is available on the chondrogenic
effects. of these materials with humar articular chondrocytes (HAC). The biccompatibility of the
biodegradable polymers using human articular cartilage in 2 micromass culture system was studied.
In the present in vitro micromass study, we investigated the biocompatibility of a synthetic
biodegradable materials and a fullerene derivative of C60 dimalonic acid (C60DMA) as the indication
of the cellular proliferation, differentiation and the expression level of 3 genes such as collagen type 11,
aggrecan and connexind3, estimated by RT-PCR method.

K. Yagasaki e1 al. (eds.), Animal Cell Technology: Basic & Applied Aspects, Volumel3, 475-479.
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3. Materials and Methods

Cell and Materials

Chondrocyte growth medium and HAC were commercially obtained from BioWhittakes, Inc.
(Walkersville, MD, USA). Chondrocytes growth medium contains bovine insulin, basic fibroblast
growth factor, insulin Iike growth factor-1, transferring, gentamicin sulfate and fetal bovine serum
(5% viv). PGA (Mw = 3,000) and PLGA (Mw = 5,000) were purchased from Nazkalai Tesque Inc.
(Kyoto, Japan) and, PGCL (Mw = 3,000) was from Taki Chemical Co (, Japan). P(LA-CL)25 Mw =
(10,000} , PCL (Ti} (Mw = 130,000) and tullerene C60-dimalonic acid (C60 DMA) were synthesized
in our laboratoty.

Cell culture

In vitro high-density micromass cultures of HAC were initiated by spotting 4x10° cells in 20 pl of
medium onto ezch well of 12-well microplates for tissue culture (Costar ® Type 3513, Comning Co,
Ltd., NY, USA) and PCL(Ti) coated glass wells (diameter, 22mm). After two bours of cell spotting in
a 5 % CO; incubator at 37°C, the wells were fiooded with chondrocyte culture media (2 mifwell).
Media were supplemented with DMSO (0.8 ul/mi), PGA (50 pg/ml), PGCL (50 pg/mi), PLGA (50
ug/ml), P(LA-CL)25 (50 pug/ml), and fullerene C60 DMA (60 pg/m}), respectively. HAC cultured on
tissue culture polystyrene but not exposed to any biomaterials served as 2 control. The media were
changed in every 3 days and the cultures were continued for 4 weeks.

Proliferation assay
Cell proliferation was quantitatively measured by alamar blue (Biosource, International, Inc,
Camarillo, CA) assay after 4 weeks of culture as previously described.’

Differentiation assay

Proteoglycans are typical contents of the cartilage matrix. The extent of chondrogenesis was
determined by staining the cartilage specific proteoglycans with alcian blue (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) as previously described.

RNA harvest

After the designated 4 weeks culture period, RNA was extracted from all matrices except PCL(Ti)
matrix. For PCL(T}) matrix, we did not have enough samples for RNA harvest as cells from 50 % of
the cultured wells were detached over night following cell spotting. Total celluar RNA was extracted
from cultered cells of four wells (for each materia) in 0.5 m! Trizol reagent (Life Technologies, Inc.,
Frederick, MD, USA) according to manufacturer’s instruction.

Reverse transeription (RT) and polymerase chain reaction (PCR)

The matrix moleciles probed as part of this study was collagen type Il and aggrecan. The gap junction
protein gene of Cx43 was also studied. The single strand cDNA was prepared from 1 g of total RNA
by reverse tanscription (RT) using a commercially available First-Strand ¢DNA synthesis kit
(Amersham Pharmacia Biotech, Uppsala, Sweden). After proper optimization of PCR condition,
subsequent PCR was performed with 4 pg of cDNA in2 20 ! reaction mixture (10 x PCR buffer 2 i,
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dNTP 1.6 wl, forward and reverse, each primer 0.4 pl, Taq DNA polymerase 0.1 ul and rest of the
amount of distilled water). The codon sequence used for the primer sets was as follows:
Collagen type II: forward 5-GGCAATAGCAGGTTCACGTACA-3
reverse S“CGATAACAGTCTTGCOCCACTT-3'
Aggrecan: forward 5"TCGAGGACAGCGAGGCC-3'
reverse 5“TCGAGGGTGTAGCGTGTAGAGA-3"
Connexin 43 (Homo Sapiens):
forward 5'-ATGGGTGACTGGAGCGCCTTAGGCAAACTC.3'
reverse 5- GACCTCGGCCTGATGACCTGGAGATCTAG -3'
The polymerization of GAPDH was accomplished by 25 cycles with the corresponding PCR program.
Electrophoresis of PCR products was done on 3% agarose ge] for the visualization of collagen type I1
and aggrecan and, on 1% agarose gel for Cx43 after staining with SYBR Green I (BioWhittaker
Molecular Applications, Rockland, ME, USA). The relative intensity of signals from each lane was
analyzed with a computerized scanner. For relative guantitation, the signal intensity of each lane was
standardized to that of a housekeeping gene, plyceraldehydes-3-phosphate dehydrogenase (GAPDH):
forward 5-CCCATCACCATCTTCCAGGAGCGAGA-3'
reverse 5-TGGCCAAGGTCATCCATGACAACTTTGG-3.

3. Results

Cell proliferation assay

The cell proliferations of PGA, PGCL and PLGA were fairly parallel as that of control cell
proliferation. The cell proliferation of P(LA-CL)25, PCL(Ti) and fullercne C-60 DMA were
significantly inhibited as compared to control. The values of cell proliferation for the samples exposed
to PGA, PGCL, PLGA, P(LA-CL)25, PCL{Ti) ard fullerene C-60 were 101, 102, 104, 93, 84, and
93 %, respectively.

Proteogiycan synthesis

intensity of alcian blue staining was found te be higher in PGA, PGCL and PLGA containing cultures
than that was found with the control culture. Among the biomaterials, PGA caused a significant 3.1
fold increase of cell differentiation when compared to control (p < Q.05).

Extracellular matrix genes expression

RT-PCR anzlysis showed that all matrices consistently expressed collagen type II gene and PGA
matrix had the strongest induction. Slight increase expressions of collagen type H gene were noted
with PGCL and PLGA matrices. Expression of collagen type [I gene in P(LA-CL)25 was faint and in
fullerene C60 DMA was almost nil. PGA matrix showed the strongest induction of aggrecan gene.
Aggrecan gene expressions were decreased in PLGA and P(LACL)25 matrices.

Expression of gap junction protein conbexin 43 gene

PGA induced the highest level of Cx43 mRNA expression and moderate level of expression was
noticed in PLGA treated culture. A faint expression in P(LA-CL)25 and almost nil expression in
flurrene C60 DMA treated cultures were observed,
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Mutti-regression analysis

Using the multi regression analysis, correfation was investigated between the differentiation
estimated by alcian blue method and three genes expression levels. There was a high comrelation
between the cellular differentiation and three gene expression (correlation coefficient is 0.96) (Fig.1).
Especially, two kinds of expression levels of aggrecan, and connexin 43 genes, were found to be
critical factors for estimating the extent of celluler differentiation of humarn articular chondrocytes(Fig.

1).
4. Discussion

During differentiation, chondrocytes secrete extracellular matrix (ECM) molecules characteristic of
cartilage, such as type I collagen, aggrecan, and link protein, offering an environment that preserves
the chondrocyte phenotype. Therefore, chondrocyte are defined both by their morphology 2nd ability
to produce these characteristic ECM. Collagen type II is regarded as the most important component
among the ECM molecules. Previous study detected type II collagen as early as 7 days after beginming
3-D culture and at 21 days, the matrix of the entire aggregate contained type II collagen.” Among the
ECM molecules, aggrecan is a major proteoglycan’ and had been reported that in chick cartilage,
aggrecan starts to be expressed at embryonic day 5 in limb mdiments, continues through the entire
period of chondrocyte development, and remains a biochemical marker of the cartilage phenotype
thereafter.” In this study, we have well demonstrated cell differentiation with the formation of
cartilaginous nodules on cultere plate, by gician blue staining, which is commonly used for
identification of cartilage, and by expression of ECM molecules collagen type I and aggrecan. The
morphology after the designated culture period revealed that celis aggregated on the culture plate and
resulted in the formation of cartilaginous nodules. The greatest cell differentiation, 3.1-fold increase of
the controls was found in the sample treated with PGA. The potencies of cell differentiation after 4
weeks of culture from most to least were in the following order; PGA>> PLGA > PGCL > Cont. =
DMSO > P(LA-CL)25 = PCL(Ti) >> fullerene C50 DMA. The increased cell differentiation with
PGA and PLGA matrices are in agreement with our previous findings in micromass culture system',
however, in this study we have included the matrix genes expression of these materials. Results of the
present study confimmed PGA and PLGA as useful scaffoiding matrices for cartilage tissue
engineering, and knowledge with other matrices will further contribuie 1o develop improved
cartilaginous constructs for future clinical implants. In this study, RT-PCR analysis showed that the
mRNA level of x43 gene expression was consistent with the chondrogenic differentiation in the
presence of different biomaterials. Our findings of Cx43 expression by chondrocytes are in agreement
of previous study that reported expression of functional gap junctions by chondrocytes isolated from
adult articular cartilage®, Gap junction mediated intercellular communication is critically involved in
the development of cartilage during differentiation”.

In this study, the data of cell differentiation by alcian blue and, observed expression of collagen type 11,
aggrecan and Cx43 suggest that the process of cell differentiation might be due to the interconnection
of cells by means of gap junction along wilh other molecular mechanism. However, the specific
association of gap junction in the process of chondrogenic differentiation and the cell signaling
processes remains unexplored. Future studies are required to analyze the specific role that the gap
junction proteins have in chondrocyte differentiation.
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