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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 Il 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.
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Fig. 1. Type 1 atelo-collagen scaffold implantation into the
cartilage defect of the proximal part of rabbit ear.
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1) RNA E2|2t HM AL BtS(transcriptase reaction)
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Table I. Summary of Comparative Groups

Group Cross-linking & CS
1 Collagen-DHT
2 Collagen-DHT-EDC
3 CS-Collagen-DHT
4 C5-Collagen-DHT-EDC

DHT, dehydrothermal: EDC, 1-ethyl-3-(3-dimethyl
aminopropyl) carbodiimide;
CS, chondroitin-6-sulfate.
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gt %28 TRI Reagent(Sigma Chemiacl Co., St. Louis,
Mo, US.A)9l| 4] homogenizer2 #3]3F & F RNAE &
&k 2]E RNA= UV spectrophotometer(BECKMAN
DU" 650, Beckman Coulter, Inc., Fullerton, CA, US.A)E
o] &5l £ W FTLE Z=AHF I First Strand cDNA
Synthesis Kit(Fermentas, V. Graiciuno, Lithuania)E o]-&
5lod cDNAES 4159 -

A A4S (polymerase chain reaction; PCR)

Fas At AFE-E collagen type 1, 11 28] 12,
W iz 3442 glyceraldehydes 3-phosphate dehy-
drogenase(GAPDH)<| sense primer2} antisense primero]|
th8t primer sequences= #A|E =5 )3k primer se-
quencesE ©|&3s}a], BIONICS(B}o] 2.4 2, Seoul, Korea)od]|
ol 2] sla] A A5}t (Table 1I). PCRE 1ple] ¢cDNA, 0.25
Ul Taq polymerase(SolGent Co., Ltd., Daejeon, Korea), 1
pl 10 mM dNTP, 5ul 10 * buffer, Z-}ZJ‘E'—] primer(10
pmol/ul) 2 pl=s Yol & 50 pl PCR ¥H5-8-A 0 2 thermal
cycler(M] Research PTC 100, GIobaI MEDICAL instru-
mentation, Inc., Ramsey, Minnesota, US.A)& A3l 4
t}. PCRe] =72 annealing temperature collagen type
[ 58T, collagen type Il 53C, 12|31, GAPDH+= 64
T2 3192, collagen type I, I1i= 35 cycles, GAPDH<=
30 cycles® A8 t)(Table II). o] %, Z}Z} 10 ul¢] PCR

Table Il. Primer Sequences Used for Polymerase Chain Reaction Analysis

Primer Sense 5" — 3’ Size(bp)
sense . GATGGCCTGAAGCTCAA

Cﬂllagen [ 418
antisense GGTTTGTTGAAGACGCTG
sense ATCACAATCTGGCTCCCAAC

Collagen 1I 369
antisense GACCCGCCCTATCTCCACAC
sense TCACCATCTTCCAGGAGCGA

GAPDH 293

antisense

CACAATGCCCGAAGTGGTCGT

SolGent

I'l[] % buffer
10 mM dNTP
Sense
antisense
dH-O
cDNA
enzyme(Tag)

total

38.75 ul
1l
0.25 pl
50 ul
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Table 11l. Reaction Condition of Polymerase Chain Reaction

Collagen | Collagen 11 GAPDH
H | 35 cycle 35 cycle 30 cycle
9B 5 min 95T 5 min 95C 5 min
951 1 min 95C 1 min 95C 1 min
58°C 45 sec 53°C 45 sec 64C 45 sec
72T 1 min 72°C 1 min 72T 1 min
72C 5 min 2T 5 min 72T 5 min
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19 3 S AT, el
AAs} 208 40 S9H0R FERTS AA A9
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o A HTE 7 251 ol

2 0 o
2 g At a8 24E 4o Vil 24Y
A B3n=2)% $lto, 271 RNAn=2)5 &4 6] 7] 23]

Hl, MA=l 0139 M2FEM(Quantitative histomor-
phometric analysis)
Az =2 10 39 #A# (longitudinal section)-£-

Aelsle] oo AlAJE WAS Zeiss Axiovert 200

Microscopes} 942 ¥ AxioVision Rel. 43 image software
a2 =435} H&-]'}-l}:it} Fr—?l]?] 2] = Mann-Whitney U
testz, £ 3 fo5FL paro] 005 plRke = it A
2AE %—Fl]z—]ﬂlﬂ-gf_ilﬁl]?_l SPSS(statistical pack-
age for the social science) WIN 12.0= AL-8-5 4 T}

. & =

7t SEAS9| |oty AEAA
£33 420 BHEPS v, AANHoZ #APE 4= ¢l
on], &8 Fo on] "ol BF At Holle &
gatel 25 AA RS AR £ AAE {75
Roldl = 9)gi), ko] BB S s A At #EHS]
A& u), AAAE o]AE R 3t gro} AERHE
AAE 4= 9qit), 7 F 7ol HebF Rl Aol Tk €
F gZo)|E 43o] ulsle] WA A1l RNAE €7
A WAL 28 AA 4 o) AL AE W] =43
MBI €5 12508 &% 85 % GIE e

Collagen—D[-{TjGﬂ»’f] ZF 5389 1 173 3¢ &, 1 27|
E =3 7o A2 3 FolE AR AE HEd T 5
S, 23*(Collagen-DHT-EDC) 3} 43+(CS-Collagen-DHT-
EDC) %, &% 7jao] 844 7hu #&E F718 Tl
ME AR H| 7L o] o} 9l QAuk(Fig, 2). &5 85l 1T
SEol ) A o] PR A mgala, EsHcald
fication)7)- 2, 3, 43tol| A] B-25| Q) =1, 25toll A 7} B
}' 4ol ol 7] AA A 7E wol ol ArkFig. 3).
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Fig. 2. Histological sagittal sections

from the center of implant at 4 weeks
(Hematoxylin and eosin stain, > 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. Histomorphometric Results of Regenerated ol lsle, datoll A 714 2 de = 9Idrl(Fig. 4).
Cartilage(um’)
Group 45 85 125 Ct MME 12| 22N 1)
SN T 4 A = ! = L
1 775221 1498816 411213 ¢ 4l dwelld 2w (p=0004), 3v(p 0.004). 4
q (p=0.004)°] v|ste AZ Al Bh, 8F ol & 370 2
2 3¢ 20451 _
5788 256059 o F(p=0.004), 47-(p=0.004)e] vla)A] AZAIAo] worr)
3 1545806 2368138 1647285 1270 AZ A4 B o] 8§20 H sho] 45t s 9)& T
* 45107 200135 867264 = E5 gasifiel, 33e] 1(p=0.037), 27 (p=0.024)¢]
- B3] diHog AFAEgHEA] A elwtcH(Table
L-Neocartilage V).
Eq
€
3 - 2t AZMZES| type | & type Il collagen® mRNA
2 0G2 i M
G3 .
1 :{54 1,2, 3, 474 4, 8, 125 F |5 th 253491 GAPDH
- Z 7|F2 R 3 type I collagen®] mRNAR .2 A]7lo]
T » o Aol wel Aoz pasAch 2ev) type Il
— collagen®] mRNAWH & A|7lo] 242 Z7)slg=y),
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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, « 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.

3wH(CS-Collagen-DHT) 2} 43+(C5-Collagen-DHT-EDC) =, 238 A8 gl= Aoz A 9} 2 dZe A
chondroitin-sulfateS 2316l 2] 2] 7 o) Al = 85o) 714 & Heg o] o2 ) uls) ol 97| ujiol d ¥ £
o] ZFrlalvtvl 1250 tha Pastc(Fig 5). o wmow AR o Az AL A Bl vrES
Ao EH G4 Wy L Fr)A Pk ol A% 7T
V.o o gelE ABAATI) 9 WL e FR AT
QA g welA AHste] o] Ashel FAL AT
ALehe LS Qi Sl weld avzdes, dw NAR e Age sl= AA = AQsle oA
9 T3 MRV AL FEF, Aelal HEeTE A1 Ao H ) o]Bo)AEE Sxals Ao|r) o
WEom duo] ek BlY7] Sk dEel duMlae) A wdR gPE9-YF7) 8 (demineralized bovine bone
7148 FaslAu, A% 3 7|50 A o] drky) A matrix)," PGA," coral,” collagen’o] o] &5 gt %538
oji} 914 FOE Aol Aol sl Ak 1 v Rlele o) moke ez malgo)
=0 A Eke] 7} QbEel] Qle WS vtel A 9l A AR Foll Zapa 2927} A A A A A
A 3 (perichodrial cell) 7} Ad <8 1& A 3 (chondrocyte) 5 ROFNEE oS gEAe 22 §o) o) q &2, 83
Balsla o] A E7) 7148 w5 AFE HUAN = T OB hAEn), AR EAdo] wejum A el A
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Fig. 4. Histological sagittal sections from
the center of the implant at 12 weeks
(Hematoxylin and eosin stain, > 12.5). 5
Collagen-DHT group(Below, left) and CS
Collagen-DHT-EDC  group(Below, right)
showed more cartilage regeneration than
other groups. Collagen-DHT group(Above,
left) 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.

FEE 28e 71Xz 7] dEoltt Type | collagen dalA & Aog F5F 4 Atk
< type II collagen®l| ]3|} glycosidic eroup®] EA7} A ZA A A A o] CGAGE ¥-2rsl7 ) 7tz elE sl=
& . og} wyplophand} tyrosineo] A7) mlEo) Wl Aol Azsl 2Ael AF el e AP T, 2ol A
Wh&o] Aol Az =T Q) ol A el o] &H type | 7t AHele fElebwl i (free amine group)d & A THE
collagen-& #ro}A] 2] |-l A 22319 o tyrosine? (water-binding capacity)& AaA| A AEHE F7HA7] A
-2 HPLC chromatography column(Waters 510, Korea vl )l o] ok sle] AA A HITL FAE Y= Ao
Basic Science Institutes, Daejeon, Korea) 2 = B3 S 2 A Aot e} FelAaL A sln AHeldk &
1) 0.046% = )40 o3 ykgkrp” of #}&-2 viw A2 CSE F713k ASole A A]A e
o)l A& o)A elaro] ulm? Z AAE AL, A3 FHS oA A2 A A THcollapse) A=lo] F7)sla
A48 type 1 atelo-collagen#| 2|71 7} Az eke] w]ds 3 WA B f Aol 9% Ba)7) gaeo s sl ol ¢
TAZREE AZAER B35 HUAT|L o] AE7} Fol A zteA yhizd F71E 23w CSe) 34ekE 7)av)

AR W2 B A SoleA e, AxelNEe g W FrhE 4FolM RFME AR Pol m AYE



730
: L _
Bl G 63 G4 1 : oGl Gz G G4
Crid
GAPDH
W HA 12W
5 Gr G310 Ga il YA .l Gl G2 G G4
Cod i
G APDH
AL ALy 12W
B L |
Collagen |
. ) T — |
|
1.5 P 1 e — -
1 | _.
0.5 —
D L 1 1 |
G Y (=3 (54
D4y mew O12W
Collacen
]5 . L I — .
| ; -
0.5 —|
0 s L |
(=1 (52 (23 (ad
oAy maWw O 12W
I o - _

Fig. 5 RT-PCR profile of mRNA for GAPDH and type I
collagen showed increasing over time in all groups, whereas in
type | collagen, decreasing.

Aol v} atoll wlg] A2 AL 83 spuE A2 A 2

o] AL A QU] wiitel] AZHEY} G2 A

GolytA £3 Alo] 1Y Ao JEsFT: W) 1

w3k 33 F, wElE b Aent § el AdZAAel

wol B A& AA A7} A 1E Aﬂ;%-»'} & A2t S0

o} 8ol 2] tﬂ-‘ﬁ-E Dl e M ROE fﬂ!fﬂ“ ol
w1 5] 2

_JJ ‘3‘“-? ]

O 0:1

r",’PE X co ‘ﬂb{}n‘_ A ]

';-04

g} (endochondral ossifica-

.

=
tion)ol] Ay o9& sk AR & # %] Qo pra s

ol 51 4] &) 2) 31} &} 3 ~| Vol. 33, No. 6, 2006

z 7S T ol A nSo] A 7}E(callus)e ¥ TAZAHE
L} E &) ol 2 A i (degenerative chondrocyte) 2 /3 & &)
1, type X collageng}’3©] o|FolA = HALE HOL type
X collagen? Al=E g Ao Fo3 AAAE QlAED
o)t} 6 o] Aol A 87l dEHAel HIE HIU, ©f
g Ao ditolr] EEt A 25| 1Tk el 123
= 237 o AAEHUH. =, yEdze] A39AE
o 4] B33 %3 ATAT} 8F AE7IHS 24
517 w0l W EAld dR-o] AE7T ASHEe] HF
wal Azl wut Te HYATAEE MBS 7k A
oz 2z2dt, A2L ¢Eo] YE AT FRFHAT B
A

2 ATA LI} F7] EE

o

o

r
fikd
54
i
i
)
&2
-
-

= 7o) dZe] FelE AL
it Aoz AzE, o] HAo] RAY FoE FHE
type X collagen®} 4%

]' '31' ,AJ\ q‘

rr ofy

V.3 E

gzolz)e] Ad]o]A 23 atelo-collagen AAAE <
)7 B geta yla Aestn CSF ZEAA AT
olgls AT AR o]4Ely S u G5 Fri= A&
MAe| 2 gk vx|2 weten, B4 staAertg
oA B 5o dZo] AAHAL 38ty rla AHEl=

D

AAAe] E4E AQAAL, AFFIA £ <
27} AAA Wz ArEel oA st 238 B8
% g5k

REFERENCES

1. ]S Kang: Plastic sirgery. 3rd ed, Seoul, Koonja, 2004, p

290

Kim WS, Vacani JP, Cima L, Mooney D, Upton J,

Puelacher WC, Vacanti CA: Cartilage engineered in

precetermined shapes employing cell transplantation on

synthetic biodegradable polymers. Plast Reconstr Siirg 94

233, 1994

3. Rhie JW, Ahn TJ, Park ]G, Sohn JY, Cho HS, Lim I
Culture of chondrocytes on scaffolds with different pore
network of PLCA and PLLA. | Korean Soc Plast Reconskr
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 Buuningm H, van Der Kraan PM, Veerkamp JH, van
den Berg WB, Veth RPH: Linkage of chondroitin-Sulfate
o type 1 collagen scaffolds stimulates the bioactivity of
seeded chondrocyles in witro. Bionmmaterials 22: 2359, 2001

o



-
olft
of!
i

el Al A A 2] 2] ¢ 5 =) Al

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

8. Jeong JL, Shim HG, Park ]G, Ju YM, Han DK, Rhie JW,

10.

11.

Ahn ST: The effect of plasma treatment of Poly(lactic-co-
glycolic)(PLGA) scaffold on adhesion and bicactivity 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 | Otorlunolarymgol Relat Spec 56: 224, 1994
Ruuskanen MM, Virtanen MK, Tuominen H, Tormaila 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 ]S, Son DG, Han KH, Choi DW, Park KK: Histologic
study of coral template wrapped with perichondrial flap.
] Korean Soc Plast Reconstr Surg 26: 392, 1999

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

Pieper ]S, Oosterhof A, Dijkstra PJ, Veerkamp JH, van
Kuppevelt TH: Preparation 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 ], Balian G: Type X collagen synthesis
during endochondral ossification in fracture repair. | Biol
Chem 262: 9844, 1987

and



	2016-01-29 16-54-45_1153_exposure.pdf
	2016-01-29 16-56-55_1154_exposure

