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Therole of DNA methylation to type Il collagen expression in
dedifferentiation of articular chondrocytes

Yun HeeKim, M.S., Soo Bong Hahn, M.D.*, Jin Woo Lee, M.D.

Brain Korea 21 project for medical science, Yonsei University
Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea*

Purpose: We explored the possibility of DNA methylation as a mechanism of loss of type Il collagen expres-
sion in dedifferentiating chondrocytes by culturing in monolayer.

Materials and Methods: Dedifferentiation was induced by low density subculturing primary porcine chon-
drocytes in vitro. The mRNA expression of Type | collagen, Type Il collagen and DNA methyltransferase
(DNMT) was measured by RT-PCR. Induction of redifferentiation in dedifferentiated chondrocytes was per-
formed in 3-dimensional alginate bead culture system. As stimulating factors for reexpression of genes in ded-
ifferentiated chondrocytes, 10 ng/ml TGF-31 and 5 uM 5-azacytidine were used.

Results: Type Il collagen mRNAs was expressed strongly in freshly isolated cells but had decreased in
monolayer cultured cells after 3 weeks up to 40%. In contrast, type | collagen expression was increased from
21 days and kept increasing during the 86 days of study. After treatment of 5 uM 5-azacytidine, fibroblast like
morphology was changed to round shape such as traditional chondrocyte morphology at day 4. At day 10, type
Il collagen expression was increased by 5-azacytidine and TGF-31 marginally and aso integrin 1 expression
was increased in al groups. RT-PCR analysis demonstrated that DNMT3A expression increased in dedifferen-
tiating chondrocytes when compared with control cells for 40 days.

Conclusion: Loss of type Il collagen mRNA expression and increase of DNMT 3A expression were showed
similar patterns during dedifferentiation. These results suggest that type Il collagen gene expression may be
influenced by DNA methylation. As stimulating factors, TGF-31 and 5-azacytidine have potentia activity to
increase the type |1 collagen expression in alginate culture system.
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Eagle medium (DMEM, GIBCO-BRL, Grand
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oob Oooo ooobob O, 9% 000 con-
fluenc&l OO O, 000 00O 0O0ODOO 1:3
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3. Semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR)
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O 00 primefd OO000O0O(Table 1). OO
000 OO0 O OO0 OO DNA methyl-
transferase (DNMT 1, 3A, 3B)J 000 O
OO0 OD0ODODODO.900 OO OO 000 OoOOd
00 RNeasy mini kit (OIAGEN, Hilden,
Germany)l 0000 total RNAO 0000
0. 1 ygO total RNADO Oligo d(T)iz-18 O
Ominiscript kit (QIAGEN)O 0000
cDNAO OO0OO0OO00, 2 yl cDNA, 0.2 (M
dNTP, 1.5 mM MgCl,, 0.5 pM primerQO
1U Tag DNA polymerasell O OOOO OO
000.0000 OO0 O OO0O0d primed O
0 0O PCRcycleDO OOOODO.DOOO O
O OO0 1.5% agarose gel electrophoresisl]
00 00000 GAPDHI OO ODOO OO
000 000 00doo oo ooooo.

4. 000 000 (b-azacytiding) 00O
ooooo

000 00000 000 Dooo alginate
bead culturell 00O 300 OO0 OOOOO.
Alginate bead culturel 000 OO0 OO0O
00 000 000 2x10 cells/m OO0 O
oo00 1.2% alginated 0O0OOOO OO

Table 1. RT-PCR primers

103mM CaCl, 000 19 gauge 0O OO O
O, 0 OO0 0000 beadO ODOODOO.
0.15M NaCl OOOO OO O, 0.5% 00O O
OO0 50 ug/ml ascorbic acidO0 0O0O0O
DMEM 0000 OO0 O0OO00OO. 10ng/ml
0 TGF-Bf1 (R&D system, Minneapolis,
MN, USA)O 5 pMO 5-azacytidine (Sigma,
St. Louis, MO, USA)O 000 OO0O0OO.
5-azacytidine 00O OO OO 0O0OO OOO
O 000 10% 00 000 OO0 DMEM O
ooo oo 1, 5, 10 MO OOO O, 400
ooooo.
[l U
1. 000 00000 000 oo o ooo
OO0 oo oo

00 00000 00 00 000 00 000
00000 00 0000 000 000 000
000, 000 000 00 300 0000 00
0 00 0O0O0(Fig- 1A). 00 000 000
000 O 20 0000 000 000 00 30
00 40%0 000000, 00 500 OOO0O
000 000 000 0O 000.00000 O

Genes Primers
Typell Collagen 5 CCTGTTCTGAGAGGTCTTCC3
3 CTTCACCAGGAACGCCCTGAY
Type| Collagen 5" AGA CAT CCCACCAGTCACCTZ
3 GTGGGT GACACCTCGCCTTCY
DNMT 1 5 ACCGCTTCTACTTCCTCGAGGCCTAZJZ
3 GTT GCA GTCCTCTGT GAACACTGTGG5S
DNMT3A 5" CAC ACA GAA GCA TATCCA GGA GTG 3
3 AGT GGA CTG GGA AACCAA ATACCCY
DNMT3B 5 AAT GTG AAT CCA GCCAGGAAA GGC 3
3 ACT GGA TTA CACTCCAGGAACCGTY
Integrin 1 5 CACTCA AATCCA GCCACAGCAGCZ
3 CAACCACCTTACACTGTGCCGACY
GAPDH 5 ACCACA GTCCAT GCCATCAC?Z

3 ATGTCGTTGTCCCACCACCTY
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Fig. 1. (A) Cell morphology and collagen gene expression during chondrocyte dedifferentiation from 5 day to 80 day.
Dedifferentiation was induced by subculturing in monolayer. Round shape of chondrocytes was changed to
fibroblast like morphology. (B) Type | and Il collagen expression were by RT-PCR analysisin freshly isolated
chondrocytes or in chondrocytes subcultured on plastic for various days.
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10 000 000 000 00 0000000
0000 0000 00 000 00000 00
000 00000 (Fig. 1B).

2. 000 0O0O0OD 00O OO (DNA meth-
yltransferase, DNMT)O OO OO

000 000 000000 000 0000
00000 000 000 000 000 000
O0. 0000 000000 000 300
(DNMT 1, 3A, 3B)J 000 000 OO0
020 0000 00 000 000 RT-PCRY
00000. 000 OO0 DNMT 3A0 0000
00 000000 000 0000 0000 O
0 00 100000 00 400000 000 O
0000. 000 DNMT 1, DNMT 3B0 00
0 0000 OO0O(Fig. 2). 000 OO
DNMT 30 000 0000 0000 000
0000 0000 000 0000 0 0000
DNMT 3A0 00 O 20 000 000 000
00000000000 000000000.

3. 000 O O0ooDpOobo ooo ogo
(G-azacytiding) OO0 OO0 OO0 OO

000 00000 000 oooo ooooo

0 Culturs
,‘, fbd 20d &0d

LMT 34

AT 3B

DT 1

GAPDH

OtAT 1. Maintenarce DA metylase acty
DNMAT 38 & 38 de nivo meliylass acinly

00 000 00 00 000 00000 5-
azacytiding 0000 1 pMOO 0000 10
UMOO 0000 400 0O0OO0OO. 4000 O
0 000 000000 5 uM 5-azacytidinel]
00000 00 00 40000 0000 00
000 000 00000 00 000 0000
O00000. 000 000 10 uM 5-azacyti-
dindd 000 00 40000 0000 000
0O0(Fig. 3). 00 0000 0000 OO0
000 0000 000 000 OO0 5-azacyt
dindd 000 00 0000 000 0000
00 0000, 10 MO 000 5-azacytidine
0 00000 00,00 40000 0 00 0
0 000 0000 000. (data not shown).

4. 000 0O OOOoOoobO ooo odad
(5-azacytiding)JOO DO0ODO ODOO OO

5-azacytidineg 00O 0O 20 OO0 OO0
0000 000 000 0oooo 4000 OO0
000 0000 OOO0O00 alginate bead O
000 300 000 Dooog. o 20 ooo
0O 0000 OO0O00DO OO0 O OO0 oooo
O, TGF-ALO OO0 O0O00O0O. 4000 DOO
000000 0000 00 O 20 OO0 OO
00 300 00 100 OO DOooo oooo,

DRMT 3K expression

At el
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= =
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Mo cifung 10d Hd 4

Fig. 2. DNMT expression in dedifferentiated chondrocytes. RT-PCR anaysis demonstrated that DNMT3A expres-
sion increased in dedifferentiating chondrocytes when compared with control cells.
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TGF$10 5-azacytiding OO0 OO0 0O0O0O
O 000 0000 000 oodgd, Integrin AL
0O 0000 20 0000 OOO0O0 1000 O
O 000 D0O0000. 000 TGFH10 5-aza
cytidinél 0000 0000 O 20 000 O
00 0obb0 oooboo ooobo bog. o
O TGF{10 5-azacytidine 000 0O0OO0O

CON

0 00 000 0000 00 00 000 00
00 0O0O0(Fig. 4). 0 10 0000 00 O
000 300 000 000 O 00 5000 O
00000 00 1000 00 00000, OO0
0 000 TGFPL O 5-azacytiding 00 O
00 00 0OO00.000 0000 00000
0000 00 OO0 OO0 000000 5-azacy

Fig. 3. Morphologica changes by treatment in monolayer culture system. 5-azacytidine, a demethyl agent, induced a
dose dependent changes of cell morphology in monolayer culture. The changes were started from 5 uM of 5-
azacytidine and maintained at 10 M of 5-azacytidine at day 4.

Mon olayer

(40 days)
5-azacytidine
TGF-B1
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+ -+ - -

Collagen 1

Collagen |

GAPDH
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(A) Al (B) AL+5+AZA  (C) AL+TGF-betal
(D) AL+5+AZA+TGF-betal (E) No culture

600 = =
500 | T

400
300
200
000

Fig. 4. (A) Reexpression of collagen genes by 5-azacytidine and TGF-f31 as stimulating factors in alginate bead cul-
ture system. (B) At day 10, type Il collagen expression was analyzed with use of a densitometer .
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