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Tissue Engineering of the Intervertebral Disc
with Cultured Nucleus Pulposus Cells Using
Atelocollagen Scaffold and Gene Therapy

Hak-Sun Kim, M.D.", Kwang-1l Lee, M.D.", Hyang Kim, M.D.", Un-Hye Kwon, M.D.", Mi-Ran Nam, M.D.**
Ju-Woong Jang, M.D., In-Je Cho", Boram Kim, M.D.*, Hwan-Mo Lee, M.D.", Seong—Hwan Moon, M.D."

Department of Orthopaedic Surgery, Yonsei University College of Medicine*
Korea Bone Bank Co., Ltd.", Brain Korea 21, Medical Science Graduated School’

Study Design: This is an in-vitro experiment using rabbit intervertebral disc (IVD) cells and growth factors.
Objectives: \We wanted to determine the effect of types I|,and Il atelocollagen and growth factor gene therapy for matrix regeneration of

rabbit IVD cells.

Summary of the Literature Review: Adenovirus-medicated growth factor gene therapy is efficient for matrix regeneration of the IVD.
Atellocollagen has provided a favorable environment for matrix synthesis. However, a combined approach using gene and cell therapy in

an atelocollagen scaffold has not yet been attempted.

Materials and Methods: Rabbit IVD cells were transduced with Ad/TGF-B1 and Ad/BMP-2. The cells were then implanted to the
atelocollagen scaffold. The [methyl-*H]thymidine incorporation for DNA synthesis and the [*°S]sulfur incorporation for proteoglycan
synthesis were measured. RT-PCR was performed for assessing the aggrecan, collagen type |, collagen type Il and osteocalcin mRNA

expressions.

Results: The rabbit IVD cells with Ad/TGF-B1 and that were cultured in type | atelocollagen showed a 130% increase in new
proteoglycan synthesis, while the rabbit IVD cells with Ad/TGF-B1 and that were cultured in type Il atelocollagen showed a 180%
increase in new proteoglycan synthesis (p<0.05). The rabbit IVD cells with Ad/BMP-2 and that were cultured in type | atelocollagen
showed a 70% increase in new proteoglycan synthesis, while the rabbit IVD cells with Ad/BMP-2 and that were cultured in type |l
atelocollagen showed a 95% increase (p<0.05). Rabbit IVD cells with Ad/TGF-B1 and Ad/BMP-2 and that were cultured in type | and I
atelocollagen demonstrated increased collagen type | and I| mRNA expressions without an osteocalcin mRNA expression (p<0.05).

Conclusion: Cell and gene therapy in an atelocollagen scaffold provided a efficient mechanism for chondrogenic matrix regeneration of

rabbit IVD cells.
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Table 1. Sequences of primers used for PCR amplification of cDNA.
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2|2 Alof] o] AH M EZE-S [PS] sulphur 20 ¢ Ci/ml(Amer—
sham Phamacia Biotech, Uppsala, Sweden)©] 7158 wjoFelof|
A AN BRE ST aieFsot AT A2 Eelste] 70Tl B
Tstal, Ml2Zofl= 4M guanidine hydrochloride, 50mM sodium
acetate(pH5.8) 18] 0.1M 6—aminohexanoic acid, 10mM
EDTA(Ethylemedianimetertaacetic Acid Disodium Salt), SmM
Benzamidine hydrochloride, 10mM N-tehylmaleimide, 0.5mM
phynylmethyl-sulfonyl fluoride”} €3+ proteinase inhibitors
Ahslol #CoA 4BAI7HERY PRI FEseck BAM 5
AP [PS]2 FAE gk o] H2FA Q] BA-8 915) Sephadex
G-25M-& 2315+ PD~-10 column(Pharmacia Biotech, Uppsala,
Sweden)oll A2} ~70Coll AHAFHUA F5 At A SIHA]
7 scintillation viale] 42802 =519t 2, 3, 48%) &=
H gbof 6ml 2] liquid scintillation cocktail(Beckman, Fullerton,
CA) 882 Hrlsto] A2 &, 2447t ot Aol A ®hx]s13
11, Beta scintillation counter& 55} Jeha AAZRS =519
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8. Aggrecan, M| 1, 2& W Z, osteocalcin®| mRNA s
ZA

RNeasy mini kit(QIAGEN, Maryland, USA)E ©]-&5}%]
Total RNAE Zelst3itt. E7]19] 7t 8 A|aL9] Total
RNA 1ug®} oligo(dT) 1ul(Invitrogen, USA, 0.5ug/ul)S} 32+ 5
T 296t 50wl o2 Z3et &, AccuPower RT—premix
(Bioneer, ™7, gk=)of] ¥ o] Reverse Transcription Polymerase
Chain Reaction(RT-PCR)& sF{tt. 42°CoflA 602, 94CollA

=7t BES5to] (DNAE Pdotlal, §4det cDNAE ol
= Aok, 2E B 20uE RFESIH. ©1% 2H2H9] cDNA 1

WS F5t, sense primer®} antisense primer 10pmole, 32} 5

Gene Direction Sequence (5—3') Product size

Forward AGG TGT TGT GTT CCA CTA TC

Aggrecan 378 bp
Reverse GTC ATA GGT CTC GTT GGT GT
Forward AGA AGG AGT AAC CTC CAA GG

Collagen type | 321 bp
Reverse ATG ACC AAA GGT GCA ATA TC
Forward GCA CCC ATG GAC ATT GGA GG

Collagen type Il 367 bp
Reverse GAC ACG GAG TAG CAC CAT CG
) Forward AAG AGA TCA TGA GGA GCC TG

Osteocalcin 420 bp
Reverse AGG AAA CAA GCA CTG TGC AT
. Forward GCC ATC CTG CGT CTG GAC CT

Beta-actin 228 bp
Reverse GTG ATG ACC TGG CCG TCG GG
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Fig. 1. Proteoglycan synthesis([S35] incorporation) normalized by DNA synthesis([H3]
incorporation) in rabbit nucleus pulposus cells seeded on atelocollagen type | and
II'scaffolds for culture period of 1 week. Ad/TGF-b1, Ad/BMP-2 (75MOQI) were
administered. Control is only cell seeded scaffold without virus infection. (* P<0.05)
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Fig. 2. Densitometry of RT-PCR products by beta-actin expression. (A) mRNA expression of aggrecan, collagen I, II, osteocalcin for 1 week

culture in atelocollagen type | matrix and (B) atelocollagen type II.
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2 AEgt F0 A|2gtol| A= aggrecan mRNATEC] Ad/
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Fig. 4. Scanning electron microscopy of the surfaces of atelocollagen type |

cells had newly synthesized extracellular matrix (single arrow).
Magnification is x 500 (A-1, B-1), % 1,000 (A-2, B-2), x 3,000 (A-3, B-3).
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Fig. 3. (A) RT-PCR of beta-actin, aggrecan, collagen type I, collagen type
Il, and osteocalcin on atelocollagen type | matrix for culture period of 1
week, (B) atelocollagen type II.

- Control (Only cell), 1: Ad/TGF-B1, 2 : Ad/BMP-2t
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