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— Abstract —

Study Design: In vitro experimental study:.

Objectives: To examine the cellular proliferation, synthetic activity and phenotypical expression of intervertebral disc (IVD) cells
seeded on types | and Il atelocollagen scaffolds, with the stimulation of TGF-1 and BMP-2.

Summary of Literature Review: Recently, tissue engineering is regarded as a new experimental technique for the biological
treatment of degenerative IVD diseases, and has been highlighted as a promising technique for the regeneration of tissues and
organs in the human body. Research on cell transplantation in artificial scaffolds has provided that the conditions for tissue
engineering have to be equilibrated, including the cell viability and proliferation, maintenance of characteristic phenotype, suit-
able scaffolds in organisms and biologically stimulated growth factor.

Material and Method: Lumbar 1\VVD cells were harvested from 10 New Zealand white rabbits, with the nucleus pulposus cells
isolated by sequential enzymatic digestion. Each of 1% types | and Il atelocollagen dispersions were poured into a 96-well plate
(diameter 5 mm), frozen at -70 , and then lyophilized at -50 . Fabricated porous collagen matrices were made using the
cross-linking method. Cell suspensions were imbibed by surface tension into a scaffold consisting of atelocollagen. The cell cul-
tured scaffolds were then treated with TGF-[31 (10 ng/ml) or BMP-2 (100 ng/ml) or both. After 1 and 2 week culture periods,
the DNA synthesis was measured by [*H] thymidine incorporation, and newly synthesized proteoglycan by incorporation of [*S]
sulphate. Reverse transcription-polymerase chain reactions for the mRNA expressions of type | and Il collagen, aggrecan and
osteocalcin were performed. The inner morphology of the scaffolds was determined by scanning electron microscopy (SEM).
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Results: The IVD cultures in collagen type Il with TGF-f3L demonstrated an increase in proteoglycan synthesis and up regula-
tion of aggrecan and types | and Il collagen mMRNA expressions compared to the control. IVD cultures in the type | atelocolla-
gen scaffold with growth factors exhibited an increase in DNA synthesis and up regulation of the type Il atelocollagen mMRNA
expression. With all combinations of growth factor, the I\VVD cultures in types | and Il atelocollagen scaffolds showed no up reg-
ulation of the osteocalcin mMRNA expression. Furthermore, there was no synergistic effect of TGF-f1 and BMP-2 in the matrix
synthesis or for the mRNA expression of the matrix components.

Conclusions: Nucleus pulposus cells from rabbit were viable in atelocollagen types | and Il atelocollagen scaffolds. The type |
atelocollagen scaffold was suitable for cell proliferation, but the type Il atelocollagen scaffold was more suitable for extracellular
matrix synthesis. The 1\VVD cells in both scaffolds were biologically responsive to growth factors. Taken together, nucleus pulpo-
sus cells in atelocollagen scaffolds, with anabolic growth factors, provide a mechanism for tissue engineering of 1\VD cells.

Key Words: Intervertebral disc, Atelocollagen, TGF-f1, BMP-2, Tissue engineering

1,2
2 , TGF-B1  BMP-2
1—7).
1
10 (3.5 kg, )
89)
, , , Hams F-12 1% (viv)

penicillin, streptomycin, nystatin (all antibiotics from
Gibco-BRL, Grand Island, NY)  0.4% (w/v) protease,

1013 0.004% (w/v) DNase (Sigma, St. Louis, MO, USA)

37 60 . Hams F-12
TGF-B1 (Transforming growth factor- 0.025% (w/v) collagenase type I, 0.004% (w/v)

Bl) BMP-2 (Bone morphogenetic protein-2) DNase (Sigma, St. Louis, MO, USA) 37
3 .
1447) Hams F-12 2 , Nylon (Falcon,
, Franklin Lakes, NJ, pore size 100 pm)

10% (Fetal

bovine serum, Gibco-BRL, Grand Island, NY), 1% (v/v)
antibiotic-antimycotic, 25 ug/ml ascorbic acid

1821), Dulbecco’s Modified Eagle Medium and Hams F-12 medi-
um (DMEM/F-12, Gibco-BRL, Grand Island, NY)

-165 -



Vol. 12, No. 3, 2005

T-25 flask (NUNC, Rockilde, Denmark) 37

5% CO; .3
3
2.
1% 1,2 (Regenmed,
Seoul, Korea) 56 pul  96-well plate (Falcon, Franklin
Lakes, NJ) -70 , -50
50

mM  1-ethyl-(3-3-dimethylaminoprpyl) carbodiimide
hydrochloride (EDC, Sigma Chemica Co., St. Louis, MO,
USA) 24

,-50 223

Trypsin/EDTA
(Cabiochem, La Jolla, CA) Culture flask
, 96-well plate (Falcon, Franklin Lakes, NJ)

, DMEM/F-12

5%x 10°  /ml

10% FBS, 25 pg/ml ascorbic acid, 1% antibi-

otics DMEM/F-12 37 ,5% CO;
4 , 5% FBS
10ng/ml TGF-B1, 100 ng/ml  BMP-2
1:1 100 pl
2
2
4. TGF-fL  BMP-2
TGF-B1 R&D(R&D Systems, Inc. USA)
, BMP-2 2,
plasmid DNA  pcDNA3.1/hygro vector
BMP-2 , Chinese
hamster ovary (CHO-K1) lipofectamine (Gibco
BRL) pcDNA3.1/hygro/BMP-
2 . CHO-K1 hygromycin

(CHO-K /BMP-2)

BMP-2 , Heparin

sepharose A chromatography , YM10

-70

[methyl-*H] thymidine 5 pCi/ml (Amersham
Phamacia Biotech, Uppsala, Sweden)

24 ,
DPBS (Dulbecco’ s Phosphate Buffered Saline, Gibco-BRL,

Grand island, NY) scintillation
vid liquid scintillation cocktail 3ml

, 24 beta
scintillation counter(Packard, Downers Grove, IL)

DNA

[*%S] sulfate 20 pCi/mi
(Amersham Phamacia Biotech, Uppsala, Sweden)
4 .
-70 , 4M guanidine
hydrochloride, 50 mM sodium acetate (pH5.8)
0.1M 6-aminohexanoic acid, 10 mM EDTA (Ethylenedi-
aminetetraacetic Acid Disodium Salt), 5 mM Benzamidine
hydrochloride, 10 mM N-ehylmaleimide, 0.5 mM pheynyl-
methyl-sulfonyl fluoride proteinase inhibitor

4 48
[3531
Sephadex G-25M PD-10 column
(Pharmacia Biotech, Uppsala, Sweden) -70
scintillation vial
.2,3,4 6ml
liquid scintillation cocktail (Beckman, Fullerton, CA)
, 24
, Beta scintillation counter
7. Aggrecan, 1,2 , osteocalcin - mRNA

RNeasy mini kit (QIAGEN, Maryland, USA)
Total RNA

- 166 -
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Table 1. Sequences of primers used for PCR amplification of cDNA
Gene Sequence (5'- 3) Length Size (bp)
Adarecan AGGTGT TGT GTT CCA CTATC 20 378 b
% GTC ATA GGT CTC GTT GGT GT 20 P
Collagen tvoe | AGA AGG AGT AACCTC CAA GG 20 21 b
agentyp ATG ACC AAA GGT GCA ATA TC 20 P
Collaen tvoe || GCA CCCATG GACATT GGA GG 20 367b
agenyp GAC ACG GAG TAG CAC CAT CG 20 P
Osteocalcin AAG AGA TCA TGA GGA GCC TG 20 420 bp
AGG AAA CAA GCACTGTGCAT 20
. GCCATCCTGCGT CTGGACCT 20
Betaractin GTG ATG ACC TGG CCG TCG GG 20 228 bp
Table 2. PCR conditions
Conditions
Primer
Denaturation Annealing Polymerization Cycles
Aggrecan 94  30sec 50 30sec 72 90sec 30
Collagen typel 94 5sec 50 5sec 72 30sec 26
Collagen type Il 94 b5sec 50 5sec 72 30sec 30
Osteocalcin 94 5sec 46  5sec 72 30sec 25
Beta-actin 94  5sec 58 b5sec 72 30sec 30
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Fig. 1. Rabhit nucleus pulposus cells seeded on atelocollagen type | scaffold. (A) DNA synthesis, (B) Proteoglycan synthesis (* p>0.05)
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Fig. 2. Rabbit nucleus pul posus cells seeded on atel ocollagen type |1 scaffold. (A) DNA synthesis, (B) Proteoglycan synthesis (* p>0.05)
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