dgtdgeatsts . A2 AM25
J Korean Soc Plast Reconstr Surg
Vol. 32, No. 2, 143-148, 2005

shwe' . A olEx - RER - UER - 28F

Adoista olsis AFelFstud JAzFEdATL, dEFetu

The Effects of Various Extracellular Matrices on
Motility of Cultured MC3T3-E1 Cell

Beyoung Yun Park, M.D.", Sang Woo Seo, M.D.",
Won Jai Lee, M.D.", Chang Woo Ryu, M.D.",
Dong Kyun Rah, M.D.!, Hyun Joo Son, Ph.D2,
Jong Chul Park, Ph.D

'Institute for Human Tissue Restoration, Department of
Plastic and Reconstructive Surgery, *Brain Korea 21 Project
for Medical Science, Medical Engineering, Yonsei University
College of Medicine, Seoul, Korea

Chemotactic migration of bone forming cell, osteob-
last, is an important event during bone formation, bone
remodeling, and fracture healing. Migration of cells is
mediated by adhesion receptors, such as integrins, that
link the cell to extracellular matrix ligands, type | col-
lagen, fibronectin, laminin and depend on interaction
between integrin and extracellular ligand.

Our study was designed to investigate the effect of
extracellular matrix like fibronectin, laminin, type | col-
lagen on migration of osteoblast. Migration distance and
speed of MC3T3-E1 cell on extracellular matrix-coated
glass were measured for 24 hours using 0.01% type |
collagen, 0.01% fibronectin, 100 ul/ml laminin. The migra-
tion distance and speed of MC3T3-E1 cell was compared
using a video-microscopy system. To determine migra-
tion speed, cells were viewed with a 4 phase- contrast
lens and video recorded. Images were captured using a
color CCD camera and saved in 8-bit full-color mode.

The migration distance on 0.01% type | collagen or
0.01% fibronectin was longer than that on 100 pl/mi
laminin-coated glass. The migration speed on fibronec-
tin-coated glass was 68 pm/hour which was fastest. The
migration speed on type | collagen-coated glass was
similar with that on fibronectin-coated glass. The latter
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two migration speeds were faster than that on no-coated
glass. On the other hand, the average migration speed
on laminin-coated glass was 37 um/hour and not different
from that of control group.

In conclusion, the extracelluar matrix ligands such as
type | collagen and fibronectin seem to play an important
role in cell migration. The type | collagen or fibronectin
coated scaffold is more effective for migration of
osteoblast in tissue engineering process.

Key Words: Osteoblast, Migration, Collagen, Fibronectin,
Laminin
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A (bone remodeling) 2 FZ | F-o|
(migration)°] F&3 A& g}
3%, A, 84 (remodeling)el
AR Yot oA sH e F A
o} A ¥ (osteoblast)ol] 2J3} Uit} o]
55 AE2 72 (extracellular matrix)ﬂ}gl S 2l
o8 doluhe Rez FHA dou, Axe)y

= AE F79 F=3Horganization) T Z4
tion)¢] ®s}o] 71¢1gt}

HqE olF HHL HE AEuto|rje] &7 (exten-
sion), f+ZH(adhesion), % X|(translocation), 2] (de-
adhesior) 5] 2] 77 BAZ o)RolAA HH o5&
TE AT 599 #3 @l A (adhesive protein)¢l &1
A (integriny?h Vel 1R19] ¥ A Hligand)2] A 13 29
(type I collagen), fibronectin, laminin 53 Z-& A X 9|7
A Atole] 4% A& (interaction)o] FaF} Qo2 A&
3tA Eoh. AEY olFdlE AT wjgA7], MEEE
(confluency), ¥ A9] A=A 72, AME] EHF(phe-
notype of cells) 5°] 94&& wWXH, basic fibroblast
growth factor(bFGF), transforming growth factor-B(TGE-
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B), vascular endothelial growth factor(VEGF), bone mor-




144

phogenic proteins(BMPs) 52| AdA¢1x17} Al £ &) o] 5L
FAA7e 98L 3k 2oz A deu, A7
A% 29 98¢ 9on 42E.

A 13 w YA 7 fibronecting FoPH X Qe 29| uj
AAzA 2 2T DA FHIG AE FE O
39S E ATINA Do) BopEsL S
ol H4HL gL e Aoz A Yon?
A P2 AN A1 Gy

olE, AR 1 BiE =
ZEQ 29714 &
AES o)) vAe JFe Htst
W oozt o A2 A 8 Al
Y8 3g =2 F8ltissue engineering)]
w, AT A%, T, AF 59 A4 B
AYHA3 glo] BAAE He] SotE9 o
T F4& FANE e =Edx FoA
FE vAle vA 8739 AT 2ol
2 4760 dBE AzE 388 5 98
€ AZEL FoHEY o)F glo] BFAY /‘ﬂiﬂ
A {2 gl Al fibronectin, laminin, A 13 wgd £
| ZoHHE o5l ol JBL nlAE 7HE ohn
b sk

laminin &

Ao #2h
Z FAgd =2
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733t 38 @n A (Olympus Optical Co. Ltd, Tokyo,
Japan)# color charged-coupled device camera(CCD;
model VCC-3974, SANYO Co, Ltd, Osaka, Japan)& A&
lgon, Mx9 olF #EAL 43 Intel Pentium Il pro-
cessor(CPU clock speed: 933 MHz)$} 512MB main
memory, 40 GB hard disk driver(HDD), 17” color display
monitor(model SyncMaster 750 NF)& #H]%t FHFE A
2H3} color line monitor(SAMSUNG Electronics Co.
Ltd., Seoul, Korea)E AME-3lY ). &% Z4 7](model DX-
4, Hanyoung Co. Ltd., Seoul, Korea)$} £ % 7+%]7]& A}
£-3l9 mini-incubator®] &% Z@AE 7R EHTE A4F
o] AH&-¥ EE AJof& SigmaAl(Sigma-Aldrich Co. Ltd)
ERE FHE AL A oA, AE LS A% T-75
flaske} ML o]F & B7] $1§ 4-well plate= Nalge
Nunc International Corp. (Naperville, IL, USA)=Z HE]
FYshei o

L. NIz
ZolME o]FAL Hy] s MC3T3-El A E(mouse

3493 273815 2] Vol. 32, No. 2, 2005

osteoblast cell line)E A}-&-3l ) MEE T-75 flaske] 4
mM L-glutamine, 1.5g/L sodium bicarbonate, 4.5 g/L
10% fetal bo-
vine serum(FBS)$} 1% antibiotic antimycotic solution %
233k Dulbecco’s modified Eagle’s medium (DMEM)
S AMR3te 37T, 5% CO, incubatordl) A wjjF&}4 ).

glucose, 1.0 mM sodium pyruvate, “18] 3

Ct. CO2 mini-incubator

A3 Ferdw| A oA MEE wjg3tr] HAste 7t
Z 150 mm, A2 130 mm, %°] 40 mm<e] CO; mini-incu-
batorg A &etg00, o] gol £7 5mme] o]Zu} oj=
g o] Ho|=F stk & 7)7]¢ heating-tape©] 3
o] mini-incubator®] &= 36+ 1CE FA 359t CO,
mini-incubator= & CO; incubator (MCO-15AC) 2} mini-
pump(model MP-603T)9} A3t} CO} AR o7 F
HEHEE 34T

2. AFEE 0|88 AlZtHY video-microscopy
system

Color CCD 7idgt7t &8 4zt #8 dn7o]
mini-incubator®] EGAS AFEHZ Agsiy AL
frame grabber card7} ¢] FH9AE AT A7t 7HFoE
E&sto YAd o]uA] AR R AZAZITH E A
Me o)E 5% HHLE AYHEE 2A3HT o]ulA|
processing 2ZE glo]= MATLAB V5.3(The MathWork
Inc., USA)¢} Visual Basic V6.0 language(Microsoft, USA)
< o] &3t ATt ME o]F £} o]F AT £4
S 3) 4 B P 8-bit full-color mode?] ©]1| XS A
o, ojm|A|9 Z7]= 640 X 480 A Z 3Gt o7 A
processing 332 A% 8-bit color o]} A& MATLAB
3} Visual BASIC ¢1o]& E3) 314 scale o1 X & H3HA]
713, canny ¥el wret olmlA] W) Z A EE] 7pgAtE
2 5= S0 4% R4S Bgos a7
o F4E 2o} B4l $HYL 1R o)F £E} ¥

4 o|5A2E 2Rz YeEs 2450

Ol MIE 0= assays

HELf71do] =29 8] oM SopEe o]F
T2 1Y) 98t A 18 w2 Q& (from calf skin), fibronec-
tin(from human plasma), laminin{from basement mem-
brane of Engelbreth-Holm-Swarm mouse sarcoma)2- A}
839tk ¥4 2aE A 18 w929 fibronectin 0.01%

FEZ 4-well plateo] =33 & 4204 2A|7F 715 u)
G &, PBSE F W AlHstal F2elA of 243t Fet
AxzAZA Y. Lamining Y5 2348 AL 100p/ml 9 &




B G ARSI o] FOlAEY o) Fel ML JY

B2 ot 99 2 AP FHle, xS oy
AL 22314 & 4-well plated AH&313th

A9} o] Ful¥ 4-well plates]] MC3T3-E1 suspension
S 2 x 10° cells/well %2 £33 mini-incubatord]
4-well plateE I A|Ft}. Mini-incubator 7}73x}2] ¢l
F(vacuum) 1ZAE vlE2F o|FT}t ol FE Yol

mini-incubator WE-E R 2 RE DA H 2447 £

B et st

Hf. SHEHE 2

TE AY Ade @7 + EF A2 HAFQoH
Student’s t-test® FAd YT pgko] 0.05 m|wke) AL

TAH R F3 Aoz HrlstHh
in. # =

7h o3 7RA] MIZR(VIE 2[0M &2
-3 0l Azl
zh xS 7] o] mEE {2 HollA ulg§ MC3T3-EL
o] o|m| A& 5% AR ARG T 22 oA A
Aol AZE 225 A7) B2 77 ol 5AYE BA
g g AU 24X TS fibronectinel] A wlj ekt
AEE oF 1400-1600 umS o] S8} . 0i(Fig. 1), A 1%
1ol A eF 1300 - 1600 pm(Fig. 2), laminin $]ojl A <F
700 - 900 pm-= 015’3}9\1‘3}(5% 3). olgA doAR Al 1
xo) w4 ol EAUE @ ol Mwstsl A, 22 skt
o] MEol i3t 1 EE Meste] & TP YERIR
tH(Fig. 4).
71 A3 fibronectin Y ollA MC3T3-E19] ol AxE7}

MC3T3-E19)
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om0 Acoumysated Cefl movemnent detance of MCITIE on Goilagen
1800 +
Jamb x  AMIE1
dhata
1400 — el - M2z .
— 4 HE3 *
'™ ¢ T -
= X
gwuu & !
4 o} - 3
ol . &
o} -
= §
um i L 1 A A,
(5] 5 10 16 20
time fhaur)

Fig. 2. Accumulated cell movement distance of MC3T3-E1 on
type I collagen.

J— Aosurmuiated Cell movernent distance of MCSTSES on Laminin
1800 ¢
x  HE1
1600}
s M=E2
1400 utat? 2
B3 . MZE3
= 1200
£
1000
00 ®--
B/ E 3
eoc . X
b
i 3
0 : . s i
o ] 0 16 20
{ i fhour]

Fig. 3. Accumulated cell movement distance of MC3T3-E1 on
laminin.

Anrumykted Cell movement detance of MOETEE T onFihonectn
oo
180} X MEN
1eral W M=z
I3
1800 - ’ A
1o '—
A L b4
& ik
Q
i K 3
& ank . x
I t
T g
O .
nt ’ - n - i
[N b 1 -] 20
L fhour)

Call it
2000 ¢
M Fibeonectin
1800+ A Collagen
¢ Laminn
1600 +
14 |
| |
3 1200 |
X
g 1000
| ]
4 =op
A
ot - ®
a0t A 'Y
| | L2
Mk
4
0 ’ 3 X i ] A
] 5 10 18 20
time [how]

Fig. 1. Accumulated cell movement distance of MC3T3-E1 on
fibronectin.

Fig. 4. Accumulated cell movement distance.
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7H¢ Rorm, A1%E wdd, laminin £ 2 & o]FA
g7t Ave AL #ET F AT B 22 Az
Zol =xd 7 AHAM 7o AEELS 5 B3 o
Z AT E Holz gJouF olydt MEY o]lF AxE I
WAl Hfolo) s Rrke M7 Gl utE Az

[e]
@ 5 g

Lt 0 JIA] MIZERI7[E 2l0M 2
0|8 &2 dlw

vk F AR Y olFEHEE AZEA AEL 7| A

A ztelz A9 il ot vl & SA| T A 10412 Atol

fibronectin ¢] °|S&£E 7} 5% vt A 13 md A A

MC3T3-E12|

= oB&nst M3 Zske wlg T 15X)7ke) HAS
o} ok 70 ym/hour2 fibronecting} Hl&a)A| = A4S #
2% 4 AAHFig. 5). Lamining] 7 ¢F 7417 3 7}

¢

<o

& olBEEsL MAS) Z7HSAT W uNIT Fol 4
um/hour o] Fd] T FHT} o] A3 MC3T3-E19] olF A=

Gall mavement speed
200
H Fibronectin
180} 4 Collagen
% Laminin
160+
120
5 120f
é 100
D
£ o
w| . r @
or A ®
0} , <@ L
o . N A .
0 5 10 15 0
time {hour|

Fig. 5. Cell movement speed.

Speed
{um/hr)

8 *x

o

1P

MM *

control fibronectin collagen laminin

Various ECM-coated-glasses

Fig. 6. Cell movement speed on the various extracellular
matrix coated glasses(*:p<0.05).
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7} vl ok & 5A)7bol| A 104 7F Abo] = fibronectino)| A 712
Zoton 11 F2i A|7to] A|'EE fibronectin®} A 18
AP o] F&ET} HIEH AT FEE B F AR
t}. Laminind| M€ thE F A E]7]2 3 v 3] B o A

olF &Lt F3lo] AL AL FAY 4 AUrHFig.
5).

Ct. MC3T3-E19 EZ 0| &=

OlRAT EX3}A] 2 4-well plate 9ol MC3T3-E1

S wfFE iz Fd A SR AE7|Ho] =xE /Y
H°ﬂ’\1 24X 7F wiek3t AES Bl ud Tk o|FA Lo
A olu Ao 27 Al o) MESS A 159 3
T OlFEEE woiaejzE Wws Heth I 23
fibronectin ol A vj<kst HEQ A HF o|FLELr}
oF 68 um/hour® 714 Zom, A 13 wdd oA wjF
3 MEY g o)FEEE ok 62um/hourE fibronectin
o Azl vjsERor, F A% BE JRERG ES
7} #wdthp<0.05). ¥Fd, laminin $]oA] wjE3 A E
o] B o]EEEE o 37um/hour2 hZF# & ol S
Holx| oskti(Fig. 6).

Iv. . @&

SHHE APS) 7 MEE
SERERECEE S
oA o|FojAth o)y
Pt Qo o] @

3 & A(osteogenesis)S &
0} (mesenchymal cells) f-=5
71skd Ax7IEE FAE
H48 AR 54 Bulds 3
Qo) FoAE Fol FERHATH of Fo| FohE £
Hef Qe|lado] F4H A3 A dot el ad 2 F

W2l o}l (subunit), a-chain?} p-chain®Z FAH 2=
ohil 2 (transmembrane proteins) 24 A E2(7]F 9] A

-

Duge TolAE} 2REE AW FAVT. ol
FolAE A2 wigRIEe] Z A dAEZ ¥
Hed A7) A 18 wYdA, fibronectin, vitronectin
So] &8 A JYekP! Laminin® 71 A eel F2 EAjstE
Axe)7|d diAZ A AEZ 2 3 ofF & 347
T ez %A Yok

3ot 2 9450 ME FFo BHste ALE vl
3 Bt QoIATT 2 Fago) 9101*1"5 Azel714
o] FE g 93 FolAEY Fxrt BT o]
A d8g e AL AT FZ9 FRolt) wetA
A2 279 1235 Y3 FolMxe it o]Fo] =
FA Qo ALY BAYE & 5 Utk old & AAE
< oY 71 AEYr|A ISR FHolAE o5 e
HAE Gotrr] fs 7 AE7E didS =38 &




Mg 5 AEe) s o] HebAES o B WAL I

g YoM ZolAEY o]FAHEE AZHE video-micros-
copy system$ o|&3le ZA3l4r}t. 7]&¢ Boyden
chamber, wound healing, micro-carrier bead, fence as-
saysE o]-&-3 WHEL AT 1R9 o|FH tBo A
o] F2gFo] I 47 o] AF doje 9 34
o oz &0} AUk ¥ o] HEF} 2 time-lapse video-
microscopy system-g ©]-&3tH A|Z THAA A2 H A
ixe] FAE FHI7] Aol AE7F FAEEEE A
xo ZAE AE FAH] T AEFAHe £
vl A Eo] st AX Y YA Feo WsE FHAHL
2 AFY F o] B AFHo g AR o]FdELS #
A & AT

o u] Ao M B A7 AMS-H MC3T3-EL celle] 7%
48A|17to] ZAAatH M H¥(debris)Eo] F7Fst] AE
o] o]F& Wajstn B Ay B4 AR Al
olES A7) A3 HrAE dEHA 42F WY E
AAEEAL, 27 wjg7] QoA A ZE wjgetaAs HES
gok 8l7] W&ol @rjZE Y 2Ho] ALHOR AE 2
AbE o] Wi 227 SUHE 0] o]F &Y AolE U E
T A& AOE AtgHo| v AZFE 24A)7t0 2 A5}
At

E dFedAMe A 18 29387 fibronecting] 7o 4
A oz Ago] o] fibronectino] A 18 wYdo] ul3)
7 AA YEIRT ol& olF &= o] 5417 A 10
AlZF Aolel] fibronectin®] o] & =7} A1¥ wAHe H]
3 =2d 7RIS Aoz HRloh 2y o]F&Ed 39
A 15A17k0] HH F MEQ7]Ho| A FolME Y o]F S
%7t 70um/hour2 ¥l Atk Hyt o] F& L] glojA
T F AEZY7IE AloldM e AR dES Bl

AZHE o] FEH LY Apole ZobA| Y] {A T W
A} zpolof ot Aoz AZtA F 4 HH
AE Axeride 54 dids S8k Y31 o] gl
ol FolHAE7F FIAHEH HELY7EA B8 {FHEd
o] ztol& HolA =t} Lacouture 57& 71AH o2 A
2 Fol4| 3 (mechanically strained osteoblast)ol] A 2o}
AE Qe1de wxd A1¥d wYd, fibronectin,
vitronectinzto] FAE HaStHTh 1EY AT Ao A
= A1Y @A} fibronectino] AJZhE FAToA 2}
o]& HolA gt 24|37t A} Fole FAR FAEE Ho
A "t olHgt 4 A2 71A {39 Ao|7t AFH
o2 AE7)|E WA FotA|Ee o]F FE9 Ao|F
frdstA "Hon f53 5 5+ ok

A 18 wH A7 fibronectin®] A% 712 72ZE a-chain
% p-chaino 2 FA o] ot A1 18 wdd F$ &
L3t Qe 282 aibr-, WP~ asbi-, tobr-, aPs-, fibronec-
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tin®] AL asbi-, asbi-, asPr-, avbr-, aifs-, abe- Z 0] S B
o=t ol &9 Afol7t A o] FE&E ] o
A Aelg fdsle @ 4o 348 & 4 ok

E AT laminin®] A4 ¥4 o[F A, A
JE&E, BF olE&EY ZE WolN 413 24U,
fibronectin} §-2}3t 2}o]& Bk ol vk F2H 3}
olol g Ao AZs) E 4 vk Lamining }F T
22 a-chain, B-chain, v-chain®. 2 T4} QIgt” 7=
Aoz fael #3%e wAZ AdsE 5 S8 o
7] W&o a-chain¥} B-chain®. & FA4F S = A 18 1
Y23} fibronectinF= Foh| £ o] F 1o} & A}
ol HolA & Zoz AAArh

Carvalho 5"& osteopontin §42} B8 AT o
£ gotry] Y& o7 Ael2d v YIRS Hiolr] A
(chicken) FopAEol] 1o HEHA FHE zfojg &A}
stH e SOl E = fibronectin, #} 13 YA, gelatin,
laminino] A&} o g e AAE BYT) o] ELY
ANE F24% 8&S 10g T2 H WP = lamining
749 64.5% fibronectin(14.5), Al 18 wYZE(16.1)0] H]3]
2 &S BY SolE 22 FIARE /A=
laminino] M ¥ o}Z¢] 9lo] fibronectin, A 13 m¢Ad B
ot o] FE =7 =g A e A disiMe o2 o A
T7HE8E Ao 449tk £ FHET A2 oF
Erol gt A7 A o] FAAeL & o= A4En.

A2 9] o}y F FotMEY 2] Fa¢ &
< 3t AL b B3 AEste WiHAE g A o A
%% Carvalho "9 AFJNT A 18 2P, fibro-
nectin, laminin®] -9 B2 £§E 1 e JE|2 o) b
o}7]19] Al(chicken) ZolA| 27} Ml H o2 F&sts A
B3 5 A0 Bo3 Utk E A7 A4
MC3T3-E1 A %] A$% Pavalko 579 Bye] maw
NAHSZE AN Aol Qlof ujF MC3T3-E1 A2 9]
ALY A= G232 BdS S/ 2o brs
2t e el A=hFQ {f238 5 24
AE A d-F-(contractile stress actin fibers)e] WAL &
& AEZAY T2t 23 TS vty Hud )
At

Takeuchi "¢ MC3T3-El MEZE | 43lHA ZolAl
Fo] 27] £3el o YEE A 18 nd 3

Bl

ol FEA ol elTUT A 1H 4T &
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go] 54 ofwsl Bk ohiz ALY g3 AT
% A A WEE F2F 4BL S0 Bk ATEAY
z3}o] 3l AEY ol 5Ao] e A7 Bage A

A}f&u} a3

Fibronectin, #] 18 W ¢ 32, laminin& A X &2k 2§
e EAQ G2 gl AZ A AE FH Fx 9 XA
o] W3l =23 4L 34 P gl B Ao
A AELY7EEA o]E wlAD FolAE o] FAe
ABRAAES Lol Ax A 18 wgdAd fibronectino]
lamininoll ¥]3} FotAE & o]FE T §ol8HA 3= AlE
9714UE & & ANk ol vude) F2H ol
A# Ao AZAdr. BE o|FEE 90| laminine]
2ET I8 Holg HolA it ole AT Fidl
Qo ME Fol wet Agshe MEe)r|d o] 2
o7t A7) WEY Aelth

ZotA 29| o]F ol SlojA TotHE B9 el ad
w2 A 18 YA, fibronectine] F 23 93-S L
A% ¢ QRom Agaks A 72 Fol7t
AZE 0|5 &wol Qo] AolE el 225 ¥ 5
gt FxFoE xtol7l & lamining A$ ) FF3
#2130l g Bo)A) Wkor ol F2A Aold) Yt
Hog 7]003 Ao® Ho|X T AT wuldoe] z}
AE §3o weh A48 Fuo Folg RAYGE AE
MAE & ATk 2 @40l glo) 18 Aoy
fibronectin?} Z+& QAH Y WYAEo] Fa3 IS
g Ao =AY & 9o =22 AYAL Y3t A FT}
oA Al 18 wPAo| fibronecting X3 XA A7} F
olHF o) 0|54 ZHoA] 2 u) o] Y Aoz Az
Hr}

3o
==

V.8 B

AE 2 el &) 138 w3, fibronectin, laminin
< AEY7EZE AHEete] o RS o|sA S AltE
video-microscopy systemS- o]-83lo] £43F A3} o]F
FAglete B ARHORE o]FEHEE Had ¢ U
E} BF o] 54T fibronectin $Jo A w3t ML 9| A
£ ok g8 um/hour® 74 Zlon, Al 18 mYE oA
% f‘f} 739 <k 62 um/hourE fibronectin®] A3} 9} vls=
AT T A BT RTEY o|F&E7F wyith ”}
9, laminin o)A vkt HE 9] P o]FETE o 37
um/hour2 27 {93t Afo]|E HolA| 9Tt

z

10.

11.

12.

13.

14.

15.

16.

17.

18.
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