33 ) 23131 A). A 33 A, A 65
J Korean Soc Plast Reconstr Surg
Vol. 33, No. 6, 723-731, 2006

I EZeARAAA S chekst 7hax g

AT AZA 1] oy

The Effect of Various Methods of Cross-linking in
Type I Collagen Scaffold on Cartilage Regeneration
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Purpose: Collagen is the principal structural bio-
molecule in cartilage extracellular matrix, which makes it
a logical target for cartilage engineering. In this study,
porous type | collagen scaffolds were cross-linked using
dehydrothermal(DHT) treatment and/or 1-ethyl-3-(3-di-
methyl aminopropyl) carbodiimide(EDC), in the presence
and absence of chondroitin-6-sulfate(CS) for cartilage
regeneration.

Methods: Cartilage defects were created in the
proximal part of the ear of New Zealand rabbits. Four
types of scaffolds(n=4) were inserted. The types in-
cluded DHT cross-linked(Group 1), DHT and EDC cross-
linked(Group 2), CS added DHT cross-linked(Group 3),
and CS added DHT and EDC cross-linked(Group 4).
Histomorphometric analysis and cartilage-specific gene
expression of the reconstructed tissues were evaluated
respectively 4, 8, and 12 weeks after implantation.

Results: The largest quantity of regenerated car-
tilage was found in DHT cross-linked groups 1 and 3 in
the 8th week and then decreased in the 12th week,
while calcification increased. Calcification was observed
from the 8th week and the area increased in the 12th
week. Group 4 was treated with EDC cross-linking and
CS, and the matrix did not degrade in the 12th week.
Cartilage-specific type 1l collagen mRNA expression
increased with time in all groups.
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Conclusion: CS did not increase chondrogenesis in
all groups. EDC cross-linking may prevent chondrocyte
infiltration from the perichondrium into the collagen
scaffold.

Key Words: Collagen type |, Ear cartilages, Chondroitin sulfates
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Fig. 1. Type I atelo-collagen scaffold implantation into the
cartilage defect of the proximal part of rabbit ear.
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Table 1. Summary of Comparative Groups

Group Cross-linking & CS
1 Collagen-DHT
2 Collagen-DHT-EDC
3 CS-Collagen-DHT
4 CS-Collagen-DHT-EDC

DHT, dehydrothermal: EDC, 1-ethyl-3-(3-dimethyl
aminopropyl) carbodiimide;
CS, chondroitin-6-sulfate.

725

g %28 TRI Reagent(Sigma Chemiacl Co., St. Louis,
Mo, US.A)ol 4 homogenizer® £3 & % RNAS £
39t £8¥ RNAE UV spectrophotometer(BECKMAN
DUX 650, Beckman Coulter, Inc., Fullerton, CA, USAYE
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ato] cDNAE F43H 3tk

2) Zetga ¢4 (polymerase chain reaction; PCR)
ZaA A4u-3ol AMHE-E collagen type I, I 18] 11,

iz
drogenase(GAPDH) 9] sense primer<} antisense primerof

72421 glyceraldehydes 3-phosphate dehy-

t)gt primer sequencest A =8 93} primer  se-
quencesE ©|-&3}4], BIONICS(u}o] 2 52, Seoul, Korea)d]|
o9 sted A Z5}ATHTable II). PCRE 1p19] cDNA, 0.25
ul Taq polymerase(SolGent Co., Ltd., Daejeon, Korea), 1
pl 10mM dNTP, 5ul 10 X buffer, Z2+9] primer(10
pmol/pl) 2l 2] & 50l PCR w8494 © 2 thermal
cycler(MJ Research PTC 100, Global MEDICAL instru-
mentation, Inc., Ramsey, Minnesota, US.A)Z A]33}4]
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[ 587, collagen type I 53C, Z18]1, GAPDHE= 64
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Table li. Primer Sequences Used for Polymerase Chain Reaction Analysis

Primer Sense 5 — 3’ Size(bp)
sense " GATGGCCTGAAGCTCAA
Collagen 1 418
antisense GGTTTGTTGAAGAGGCTG
sense ATGACAATCTGGCTCCCAAC
Collagen II 369
antisense GACCGGCCCTATGTCCACAC
sense TCACCATCTTCCAGGAGCGA
GAPDH 293
antisense CACAATGCCCGAAGTGGTCGT
SolGent
10 X buffer 5ul
10 mM dNTP 1w
sense 2
antisense 2ul
dH,O 38.751l
cDNA 1
enzyme(Tag) 0.25ul
total 50
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Fig. 2. Histological sagittal sections

from the center of implant at 4 weeks
(Hematoxylin and eosin stain, X 12.5).
Note that in the Collagen-DHT group
(Above, left) and CS-Collagen-DHT group
(Above, right) more cartilaginous tissue
has been formed in the peripheral area of
the scaffold. Collagen-DHT-EDC group
(Belove, left) and CS-Collagen-DHT-EDC
group(Below, right) showed un-degraded
collagen scaffolds. DHT, dehydrothermal:
EDC, 1-ethyl-3-(3-dimethyl aminopropyl)
carbodiimide; CS, chondroitin-6-sulfate.

Table IV. I—hstomorphometnc Results of Regenerated Fob Ak, 4Tl 7 2 B2E 5 UATHFig. 4).
Cartllage(p.m)
Group 47 8 123 Ch. MdE cigzel HarEs dat
1 775221 1498816 411213 EF 4ol 1TAA 22(p=0004), 37(p=0.004) 43
2 87885 286539 204518 (p=0.004)ell I} AZ Al BRI, 8ol 370 2
T(p=0.004), 47 (p=0.004)e] visir] A=Ado] Wkrh
3 154586 2368138 1647285 12Z0E AZHA WHo] 834 Hlate] 47L A 95t1
4 43107 500135 887264 © BF 29 e, 330] 1(p=0.037), 23 (p=0.024)]
o ouE Ao s AZAgEAC] AA VEldTH(Table
L-Neocartilage V).
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Fig. 3. Histological coronal(Above, left
and Below, right & left) and sagittal
(Above, right) sections from the center of
the implant at 8 weeks(Hematoxylin and
eosin stain, X 12.5). Collagen-DHT group
(Above, left) and CS-Collagen-DHT group
(Below, left) showed cartilage regeneration
in the whole area of the scaffold. In the
Collagen-DHT-EDC  group{Above, right)
and CS-Collagen-DHT-EDC group(Below,
right) scattered undegraded collagen
scaffold and calcification could be seen.
DHT, dehydrothermal: EDC, 1-ethyl-3-(3-
dimethyl aminopropyl) carbodiimide; CS,
chondroitin-6-sulfate.
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Fig. 4. Histological sagittal sections from
the center of the implant at 12 weeks
(Hematoxylin and eosin stain, X 12.5). C5
Collagen-DHT group(Below, left) and CS-
Collagen-DHT-EDC  group(Below, right)
showed more cartilage regeneration than
other groups. Collagen-DHT group(Above,
lefty and Collagen-DHT-EDC group
(Above, right) showed calcification in the
scaffolds. DHT, dehydrothermal: EDC, 1-
ethyl-3-(3-dimethyl aminopropyl) carbodii-
mide; CS, chondroitin-6-sulfate.
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Fig. 5. RT-PCR profile of mRNA for GAPDH and type I
collagen showed increasing over time in all groups, whereas in
type I collagen, decreasing.

AFo] thE Tl Mg AL AL 3t tuz A XA <
gdo] AReA YW7) W A=AEIL ¢tez A}
Eol7tA £ Ao 1Y Aoz At W
=% 3T %, g 31 7h1 7‘4 ks i“ﬂ/ﬂ A=A e
2ol

9]'8—1‘01] 71«] = ‘Eé—ol g
aEy o) WRE F3h % Aoy e

37 Azl AUBH) AskH gtk B GAGY CS&
& A Be Bolmy A 7E)
N e
z]zmu Gejst Bl BAZL gokn F o
© CS8l 2o AZAAE Rk BAT 8

ﬁii e

Type X collagen& <13 &3}(endochondral ossifica-
tion)o] Fad dTe st Ao oA Uk’ 2 &

33 8 e A Vol 33, No. 6, 2006

FXH dANA HES A s (callus)® BIFFAS A X
‘4‘ &3} A M) ¥ (degenerative chondrocyte) 2 43 5 o 2}
1, type X collagen@Ad o] o]FojX & AL =2 Hol type
X collagene N2 TEAY T8 B2 A4FHL
QYL o Aol M 850 AP ol Hng H, o
HrE dRqA Fsvt ARG a2 125
& "‘5}7} O APHA &, SA5e dIHA X2
sh&t A<k d**ﬂJﬂ 8—r°ﬂ /‘ﬂiﬂﬂﬂ < 94

type X collagens} A37<1zlo] tis)A Fo 2 o AFH ol
oF sl

FolRe] AolN %

94 52 S92 sk Hsn CSF ATAA aFLo)
golgle AAETe o) 4age 1) 5o Frhe A
Ao 2 FFE A Qov), BF AuAeng
FoA © Be Aol 44HAd B8 stw AdE
AAA) 4 ADNA T, AT L8P A2A
7} ARAA WE2 AefEo] A sted 238 £
Agshec

REFERENCES

1. JS Kang: Plastic surgery. 3rd ed, Seoul, Koonja, 2004, p
290

2. Kim WS, Vacanti JP, Cima L, Mooney D, Upton ],
Puelacher WC, Vacanti CA: Cartilage engineered in
predetermined shapes employing cell transplantation on
synthetic biodegradable polymers. Plast Reconstr Surg 94:
233, 1994

3. Rhie JW, Ahn TJ, Park JG, Sohn JY, Cho HS, Lim P:
Culture of chondrocytes on scaffolds with different pore
network of PLGA and PLLA. | Korean Soc Plast Reconstr
Surg 30: 237, 2003

4. Randolph MA, Anseth K, Yaremchuk M]: Tissue
engineering of cartilage. Clin Plast Surg 30: 519, 2003

5. Pachence JM: Collagen-based devices for soft tissue
repair. | Biomed Mater Res 33: 35, 1996

6. van Susante JL, Pieper J, Buma P, van Kuppevelt TH,
van Beuningen H, van Der Kraan PM, Veerkamp JH, van
den Berg WB, Veth RPH: Linkage of chondroitin-Sulfate
to type I collagen scaffolds stimulates the bioactivity of
seeded chondrocytes in vitro. Biomaterials 22: 2359, 2001



7

10.

11.

. Lee HG, Son DG, Han KH, Kim JH, Lee SY: Chondro-
genic effect of transplanted type I collagen scaffold
within subperichondrial cartilage defect. ] Korean Soc Plast
Reconstr Surg 32: 521, 2005

. Jeong JL, Shim HG, Park JG, Ju YM, Han DK, Rhie JW,

Ahn ST: The effect of plasma treatment of Poly(lactic-co-
glycolic)(PLGA) scaffold on adhesion and bioactivity of
cultured chondrocytes. | Korean Soc Plast Reconstr Surg 30:
491, 2003
. Sohn SA, Ohlsen L: Growth of cartilage from a free
perichondrial graft placed across a defect in a rabbit’s
trachea. Plast Reconstr Surg 53: 55, 1974
Bean JK, Verwoerd-Verhoef HL, Verwoerd CD: Recon-
struction of the anterior laryngeal wall with a composite
graft of demineralized bovine bone matrix and autoge-
nous perichondrium; an experimental study in adult
rabbits. ORL ] Otorhinolaryngol Relat Spec 56: 224, 1994
Ruuskanen MM, Virtanen MK, Tuominen H, Térmild P,
Waris T: Generation of cartilage from auricular and rib
free perichondrial grafts around a self-reinforced polygly-

12.

13.

14.

15.

16.

731

colic acid mould in rabbits. Scand | Plast Reconstr Surg
Hand Surg 28: 81, 1994

Kim JS, Son DG, Han KH, Choi DW, Park KK: Histologic
study of coral template wrapped with perichondrial flap.
J Korean Soc Plast Reconstr Surg 26: 392, 1999

Yang EK, Park JK, Ahn J 0, Lee HG, Seo §J, Son DG,
Kim JC, Song KY: Tissue-engineered skin substitutes
using collagen scaffold with amniotic membrane compo-
nent. Key Engineering Materials 12: 277, 2005

Pieper JS, Oosterhof A, Dijkstra PJ, Veerkamp JH, van
Kuppevelt TH: Preparation and characterization of
porous crosslinked collagenous matrices containing bioa-
vailable chondroitin sulphate. Biomaterials 20: 847, 1999
Shen G: The role of type X collagen in facilitating and
regulating endochondral ossification of articular cartilage.
Orthod Craniofac Res 8: 11, 2005

Grant WT, Wang GJ, Balian G: Type X collagen synthesis
during endochondral ossification in fracture repair. | Biol
Chem 262: 9844, 1987



