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The principles of tissue engineering and its recent
advances and future prospects

Woo Seob Kim, MD

Department of Plastic Surgery, Chung-Ang University College of Medicine, Seoul, Korea

The definition of tissue engineering by Langer is “an interdisciplinary field that applies the principles of engineering and
the life sciences toward the development of biological substitutes that restore, maintain, or improve tissue function.”
This technology has achieved remarkable growth in the past 20 years, provoked by its potential role in regenerating
new tissues and naturally healing injured or diseased organs. Although stem cells are still in the research phase, their
pluripotency and unlimited capacity for self-renewal may enable significant advances for reconstructive and cosmetic
procedures with this engineering technology. This article aims at outlining the principles of tissue engineering and its

recent advances and future prospects.

Key Words: Engineering, Tissue, Regenerative Medicine, Stem Cells, Tissue Scaffolds,

Reconstructive Surgical Procedures

ME

A 7150t oA, oF WA Fol A7) ALNelE %
A1) 1 ARG B AT REAE o) g5t
2 Foiol] E o2 Wl £3< dr) Hrt, o] w3}
7] S1aH olFolAe AlEShIE Se HeARILS, WYl
A HAGE T3 4 Gk, Folit A2 A asshy

>
my
4
32
o
rir

Received: December 25, 2013 Accepted: January 9, 2014

Corresponding author: \Woo Seob Kim
E-mail: kimws@cau.ac.kr

© Korean Medical Association

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

B
o, 2l3F GollA Alszel AAHAARE o83l A=

MZ-2AZE EIA7E A oM Hstke 22 0= A4

5] SIS SR Gt A4S Folol shuw F

AEZalo] 7|pnt FHNSE U 04

145



J Korean Med Assoc 2014 February; 57(2): 145-154

ERER
ch A 2000 1] e ofe] £575] £k
clgl Geje] 2ABES olgd A7 W FnFAe] thet
Y S A el %X—L-i Al =l g

e 4517 oo 2ol 4ol el Bl

o

ot

P

Aol T4 7ML

NAE715-8 GAI8t0] 2208 PAE7] 9la)Al thokst
AAFIALY ALO| EF QI ol gl A|Zo} AAZE 0] A

3F2]0] 20} dTo] Holgloma A, 7|A—A|EA|A|
T2, NZAZEE A3 EF o] Al 7] HES 22580

A o FAT QL2 2 RES TN,

% W 7RsAo] BAN Bt B452dolt A
270] ol FHGA ARZ/AEE AL, A2ABA

| =
I APAE, ZAE FOo2 BRI 4 glo] 2Age 4
ol @ol o] &}, A3t o] 8E= AlEZs HAAR
W32 95t7] QIsiA AZbAIE7E BiAlskE 270l =
TEVNEE T2 ol g5ty o Foll FH5H| EA
Sk AR oA W o) E7NEE E4A E& U
th= ZdAdo] Slek, TskezlofA A AFE7IA|1E U 2L
o WA, Hol, Felol wt v ohekshAleE, iy
100 mL AEEMelA] oF 2x 1077H2] APE7INZE &
< 4= QKO 1/100-1/1,5004128) [1], AH22E B4A
g & YrEZSlo] AL stromovascular fraction (SVF

ol A=A ol UjnjE| M, RuzEelE, A

~—

146 distehEsx

GEAZHIAZ, MOFFAE, FARAE
Z7F EARIH2). A=
CD146 2 Thofst BAAE o]g-3iA]

7M1} R FA| = A5

5 TR Al
Z7|H|3L= CD29, CD44, CDY0,
oA ==,

E7 AT HheShe 3

*—1‘%1»: glo] M Sol o AYE7INEE &2
3t} & Rodeheffer 53] CD24EAIA7} 29271 A)
ot So] Hhg3hrhar il AEQlvkE B o2 &
ASVEell Sl WalE7IH 27t duddel sast g
517] wfizoll gt AE7|AENE BASH= 21 HhrE]
st o}, AR E7 ML E FRA AR ETA 29

A1 3 (major histocompatibility complexclass 1) 4]
Aol HEGBFA] fof 22| 58HA] A or E7A|E 239
Hyksto] sFol Al /‘l~€’“fL T lth= Bt QleH4,5], i
oRE7|MEE 1 HRsley
%“‘01]/\1 A A7t 7l~—3}‘1¥% ol UANE WA 2
A 7FsA, Al AR QIR WA A7 el A
J21-8oll= o] Sl Takahashi-s{612 35 A4
7 AARIARE: o] &8l ol M2} 2 71
U=27] A Z (induced pluripotent stem cells)
Pl Agaigc, of AZs HolE Mz}
S o]} SE|7el BEAS 18dlA] &o}
ol 1ROl AR 4 A] AR
o w7l o] A71Elo] olof g

]

2 o2
EO HJE
< ox

bt o W
8 3 =
EFIF%O
'#O
*m

H e
o
oo
rir o
2 oy
2
= g
RIS
r]I,
O

+7hd %36}1:}.
Az o] B0t tragah IR e Aysist
] AG Eﬂb‘kﬂx goﬂ 0:]6‘1:% %P;ﬂ =}, Shrh A

&
A FH e 8717 e o] =94 o] w2t
HES-Sko] AR~ 5



A AN $A Ek el 339 RS oS st
AEL BAA T9E o)2eh o]g) Qleazle] ofs) 23
wis Ao} AZe]| ko] HEL 1 Aol wet A
w1, Aol 5l Balel] AAAS 4R vl Hew A
Eol7|de] Be5h Jrt AESHO) FA% A7} 2
% SleHE), w5 ALE 9] 240 Befaby
7 chule] ATt B8, Alzo)s, A
s ofi= uhAp o] ARGl
ofuh= Aol

)
o
0?

2. 71E-MEXIX| X
71 225t Aol S B 2L Al
A PRSI, SR olEt et
A7k AgHG oL H ol ATAEE thop
A ARIoh GAKE TR AR R RS A
| R SRAEoR 1 QR B
T2 s et olefat AAARSE Aot
Sle FEA wE) ofakg sh) Hiy] Ax
A Aol S8 g5k ulA here ARl

O
rz; B

Ol

2 T

o e
“
B

| e
A

ot
N
or

s

>
O:
x

ol
=
2

o -
Y

¢

ox
=
a1
]
re

BN
)
ot
o,
tlo

v 1o
X
b
o
'

= Sl S, AEY] AAESllE dake vt &
P32 913k o) 2lel AABAL AA AT dlofof
Sk, Astels 2a0) Agke B4 aato] glofok 5i
walE dellw MR FES sk Haliigo] PEA
ol 1, AYAo] fafet BBo] EauA gholof stir, 24
A2 Walshe AANESo] glofok stl, Astel 24
o 3 FARE FEE AR 4 glow] Azebt 2
of 5t Wit A] 81512 Befo}al o] Wab} gl ok
Kol glol AL 92 T 4 9lit MEL] FAlolut £5} 2
A R e ARG S FAE 4 Gl o] ol
o}, @) 21 ste] o) S AAEZA $19) BE 27
2 2% AR gk WA AEFAATASS 9] e
T IS 05 28 5 A RS AL 9] =

S gl ol AR 1 ARe] FRe}of E

RO
Bl
I

2 408 il ol A 9
ARYE a1 Bah E, ek AR et 1 /1A

e AR oks)|AA Eot 3 Za]2he] E(poly—lactic

Kim WS - Recent concepts of tissue engineering

acid, PLA)U Z2] 22| FAo) E(poly—glycolic acid) Z+
25 A7IEEEGl oJ5f waljEHAl AVdeES vt
o] A3t 9 2AAALE of7|A7]7] %k jith, o] Sl
A Eoll e 25 A-SHA 2A-sk= Zlo] ol F
[}

oot Alazeke] REZo] QIAI2A T AR AR
= oef7HA] SHolA Aol WANE = A HefEh] 4
A g¥al, Batiolu) Hato] of 1l S e sfjof gF
Thz ol AA ARgoll FHAIZF iy, S, Aepd, A=
22 il 7| EAL slo|dREY 4 28 o, B Al
EZ71H FEEOIY w2 QEE 5 72 AHEE ohefdt
sfebd] 7hukgE 7heiA Rl s 24
/\155]5’— 01‘3} A58 “}ﬂ/\i ol§ = N RES T
=t 2% Eeol|2E 2, 93
ﬂia iﬂa‘a E‘j/]ﬂgigﬁ ZySyag-gE 5
A 5ol 7H S AR EE AmSelth ol ARE
S AR, A, ARA Fde 2] 71AA A, w6l

[e]
Seg X*%:i@}ﬂl 24 5 3l ol ek Ame

jXe)
t

mln >

U
o) MiSolo Faslo] wilo] sl oSS 0t
7| FeHo), slol=g Alotetol =t AR 6] 2 A
o] AR wizo] wuat 242 AE o] AL
Y 2 SAR7] 419t wiet F G2 3, wgEAo] St
ik, solEmAe Sebd, et slolefE
re. el sfo| =, Eelojdulaes
A%tﬂ Fhmzghelo] Azgere] 1,0008)
oA Flo] AHEAT §ASI,
=7} Aol el Gl B} Ato] 417
B2 1 Seleleh10], Qg A0 ReldE
4, sjaba 43 4wl w24 o
e BAREl Ak AL Y BE 4 9l
opot BN FAPIR FUT 5 ik ALE
2 71@ v e ololAlg vt SulEu
AR A28 Balelo] 24j0] YA Ao s
o] el Aol viel AR 40

2 r{
S
i
o
[
m\l
o

My
rlo
off
)
o
i
i)
H1
o

X
njn
fllo o
‘ﬂ“'
»
_|L
_9.

Al

T
<
"_‘L_z:niﬁ
% =
o*ﬂ

o, o2

©
2

o @ Hz
r 0

r U

i

i

Joi'

re
olo

>
=
o ©

o,
o
2
o
BN
N

FEZSl0| 7|t 2SS Y 024Xzt 147



148

J Korean Med Assoc 2014 February; 57(2): 145-154

SE2 #8f He A
3] o] gE= I A

o] 74 olayHlolch, T QAN =
AAZOAN 18 2 4 9l o] 2ukgel
R RS s AR 2 SAEL B 4 9l o
30 um 2719) Tk Beleiol 2L we] sholH) & 4t
glo] MRS Zol AL AmAFeRI=Y] Nfol o
£ v AR 0] skl e e, B
=]

O

d

N
of
A
1
2
Lﬁ
S~
o
i
rir
oZ,
:>‘i‘_'
=
il
rlr
ofd
BN
ot
oK
ox
rE

glolAad

EEERE) HPOIREEH %

Ny @
D N
U R N
e
)
o
o,
N

p_

ail)
il

L
o
oft
™
N
OII
>
rE
oir[
%

O

=)
ok
_c)

i
o

oS HE SABEY, ool

EEPN LR EERUESRIC T RES
A= AR e she 2 4jef ate} 71 tl%

Q12 T2 sfof sy 7} zte] Zlo] Mgkt HAlo]

B %wcﬂ A= o-um zaz A ke w1

O.
[o]
Lo}

ke
off o Mr Mz

o
)
=,
=
-
0
ol
)
5=
2
=
N
FI r
of
o2l
Y
BN
1
2
r 0
oX, OIN
e

=1 F’—E% sfloF ?&E}
2AEEE AR AlEols, 3 Ale] e A
9] o gAS 7HAoF gttt Polylactic—co—glycolic acid
(PLGA) 2AREER] 7% 227 300 um o] v/l
lofof 2A o] 7Rssieta BRE13], AABES 1
A B8] 097HA1] TFEAL A7 A% % et o
FHo] 248 714 7ot ol A 717
22 2sto 2 YMetEs 22 9] ZEo} ujLat
7o) oHolet, Fuleel £/ MEE 272
of whah slo] FaS wHr), W23 AT B
4 4 selse e Aeahls e U3y
FeS ol 283 A Bage

A e

=1 "0

l ==

X

ll'l

ox

#5 4

3t 23 % spol=

Sh

ChatolAbiIA|

o

U
i)
2
X
rir
I

O
ox
e
e
=
fo
My

o,
1o P
¥
i)
rr
pa)
filo
5]
N
3
4> rlo
20

pree] sfol= el A
o % 71 2w
d, AlEolgolt it G
SIEHS). H2ols A o
| ofe] A AR TR S]ge.

HielA 221 Agshe A=e

o
&1 i)
>
5=l
oft
£
Jo
)
N
]
bl

=
=
)
o
rir
N
tlo
12
+

S|

oo
o
=~
52
o
o)

o Hu
(10
of
K
oS
lo
it
223
i
2

rE
>,
H1
i
ki
x0,
ae)
=

ox
o &
I
bS
ﬂF
_>i
e
N
o
N
»
lo
ot
0,
oot
o,
2
ol\
o
ol
1®
]
[r o

ol
=
X,
>,
=
2
i
A
e
oo
oF
I
Jo
G
"

rir
Q_“
oft
)
2

£
BN
N
ot
X,
=2
ofx
o
et
o
ool
ilo
=)
ﬁt’
)
(i
o,
)
(o
N
Y
T

ot
o
i)
i)
o
In o
N
Hu)
JO
=
i
rlo
et
jZ:
A
N
it
filo
oZ
i_r“
=>~l=
fU
2

=2

<l

e

N
(M=
X,

ol

2,

i)

o

1o

iy

oX

>

e >

ol
o
2
ro
BN
N
=
oZ,

X do
)
D
i3
-,

BN

ok
i)
O
ki
=
ox,
o
r [}
N
Fﬁj
o

>~
[e30)
5 o
filo r%
=
>
_>L =
) <l
Ho jL?,
of T
filo olN
i1
dr o
e
o
offt
o

=
2
>
rr
=
=

k)

o
=
~
N
N
X

;
il

o]
i

N
p

ORI

X
=
Sl
=2
e
o
3_1“

Fasi ol
o A}l mlo|az sofo] 4 obAE
A4 *011101] FUARE o SR Y

i)
%
>

it
rg
_>ri

o[N
1
o]
N
afu

RS

s

)

o

o

S )
AC

rm,

&El
rlo

L 24

[e]
el 2ame zwoﬂ nlAE e
L. 31

El’ﬂ_gi o] ¢}

"%[16] HZX‘ ELIv TR AlEEE Arkas 8o v
RISt S7IMEL BfobR2 2 Arka oA H]a

o Z5 Tefalof & Htolet, AlelelA] 4L A4
# 0|45t Bgto] AU AekEe] & ] 0|45l 2
2. 3:9] WhollA] SHiel OJ3) ot Akag B
nr ofuh Bk RS A IIAL Uhalal et )

Rl E7|MEE o] Hloksle] BUFHL FRs |

A 5 2 Sl olel AL A 2
o



SHL AIZE 312 o]l A 2]sto] M2 ] vl 4
S 8715 Rk, E3E AAEES Foll 2097 At
2ABE U2 Flo] et BoloA] & F, o} gL 44
212 71 ThE Flol ol4lsh, ol4] 69 A} 71 2B
B Aste o] 0 Fekat AAso] AR} o]
e 2 U1, A2 Sl fyed
= Al ftollM Z7I 59 % 7tsto] S HolEo 3
g} ORI RS 251 Tt Al c}
ot B4 Aol A Et AE fAkEeA
SHA| = o] A3 AgESo] obiths Bt Qlet

ot FUIF2 AT 834 Qolrkle TRYEE

[4

H
4

3L 71 9fef] Al *ﬂ‘ = H

th o eHdsHA XH*“*I?E‘ - 31; & opyt ZFAE7}
Alete S48k=t] a7t =o] Al
£ QU7 Hlo| L BEFA BAE )| 2T
AZ7} AR FAXA EH SFTAE, ) gehE
NAE, ZuGeE B71HZ7} 2skEo] B9t &
A, E3 DGAEES Aole] A Hfobu et 2ol
HfaFsto] gt WA A4S Eakshs 24geke 9Rg U
£ 2 gleka hslol] b7 R Ae] 7kslet,

u]Fofl AAIEEL] o] e Fasltt, AAHA
SAEER G Aujzzjo] At 5oleA wed o] &

S
i
i
-
o

m&
S
e
.ﬂ
jag
Jo

Kim WS - Recent concepts of tissue engineering

AZEo]| YA = Tl HI7FsEAY AAIEE ol 3}
A, AR H Aol HEkE H M2z At 231 5 Al
EZo| FIFE & 4 Urkh 21U 2] vhEolxl i
A& 5o A} 92o] 2 H7| ol FaiAdo] A
gt Ajzzo]| Eejgt kS wrh= ©ol ot
[19-21]. E7|AH22= 3|88 olA BP9 AIAE &
Hjstu & dafAlS SX1s)7] flsf A Ko AAEE
E7MEE S2E7
Ayl ZAYsky

<= Zo|ch22-25].

b}, olela S7141m O] ARG

Sk
At o] A BAZE ARE S 9l

2, K|z
APEAE LA T2 AT aluw; %%

S T A 1 A A 85 4
2 % 92 Zoleh, APAEE @] wh- kAl A
3 AR S ZA3HA 917 ahizo] A
I e SVFLE B4l 9 ATHES olg5to]
BabA 7)o AARE AEsl|= SRk Ak
gol wo] Aawlo] AR QoI A e W
o o}

o] 5] Ao} el Ty chobet h4de] Qi ol et
NEE7} Asto] 2gzAS et ohw ol st A
AEA RO Lot Thakh A57H AE R A o
S| SheAlol o dmvlo] gk HfobAE RIS 1
o vEeaat Q) ARt AR AR INES 22
2ol olAlalee W, F I BEAN A8 A8
2 olAJg AuEA el Z74ZN A feHE Zlo] ohx
WH o 7oA el Asolehs Bt oleH2e)
o415t ZAolL} A F9)2 AHET} Holiz HLoE By
o] 41t ZAolLt AlZo] A Lhots
R AYE BAA o A0 e £ )
oh BRUHIA FUF 454 PR O AHE Aol
wol7] el 857} Hul H el Wi}, ol ol et
Apo] AR dolgl & 4= gliet] 85 A

o2 AR Aol o] thXFTh B 4 Qe

jus)

e

o2

o

ne 2

>N
2

E

.%_ 7H/“j__%]'o g/\i x]l:l]—N—L;f_

]§7} ZJ:I O O 0lo

i

FElESto| 7|=oldnt 2MSE 2 ozt 149



J Korean Med Assoc 2014 February; 57(2): 145-154

FYAML A2 SVFe 2ol elAo] FApstEe ) o]
2o] ollk BIE gl ol o] 45l £7]4%}
obiw ol gt 27]422)
4 ﬂaaam ot g S SAAA o
A Y ol SH=A SHAlskA) glet, 712
VA A A B 20T B
o e, T8eH wEel vlo] o, AAEs) ]
AR WSl AR Aol BBl Eta
olek ole] Bz} glout e Azu|golt WA 5
2 shaslok & 247t okl

[

o oX Ix

ofN iy
ol
>
N
T
Oi
i
o
=3
&
rir
N

1>
L2
At
10

p

¢

ol 55 274 ol golol A4

T2 AR o] offl A7 ARl &
01] RSt 52 3k 71s= 71l i
2 TH2A Aelle AT 71AS
%7%11:‘75" Rl H*ﬂﬂa‘?ﬂ olgHr. E4I50l
Bl A B S4]0] 7Fs3lLt o2k
[ ﬂg@#ﬁ TEAIER FebE o) St
HIEEES ol 83t AR wiFel, AU A2} 7]
Aol M M43 2ot 7RsoeH27]. Azt
TERAES o] wjefslAu, B HEA oyt BudE ©f
SalA wigst wig7Ikto] il 2eSEe] 2y o o=
stk AT EepilAe] SHEAES iR o
WA=E 9 2o 2 F9EH, nox AL Edo] 5
7Vskar 3y u] AR AFSEITH 28], T3k Hlo] 9 2]l
Ei 53 o gahH AfuAEe] 271402 sIAH A
A AR} 1123 8o Al skl 45
7}om AR 7] o] A7z} 2] wjopst oA

30 o
N
e
L!;
k{i:l
z

38

oo
L W e

l
El=
2=

A 87171 e A2 AEAE AEA Hol 2
S715& FAE 5 rhs AR QIEH29).

150 cistenEslx|

BAZo] Zojet uijdef A4
ZrEAF WA (PLGA mesh), &
2|72 e (polycaprolactam, PCL), 7|EAY, fel4df, =
2 Ui, wMdE A 2 Al i dat 23}, 4
of Y& mIRIe}, ey o3t AR mES Ao AR
517] Sl g, 54, AR 9= o] arejE ook
Stk GAIEAT] ATS T2 A AAIEE AR Y
14 2006 ok 5, S S 24 ol
A, HHIAE EHIER vl AR S S
A, A BREAES GHESI A A
F 7w Aen00] ool ol Z1E 283 E &
SR BUALE 2 Bl S B 4 ei{30], T2}
el ol i L 7 5 Ve 2

58 AAIE Bl of o] ol 2B Ao

9

2 2go BN RS ARHOE BElE 5 U
A] ofgo] gick, shpe] Peto R §74

AR QA AR, AETAEAUA, &
TAHUAES BRE 4 QA & 4 kel 8 Aol =gl

2 % 92 Rl

N s
D
o = o8
r i
n
Ok} é
it o
g7
2ad
sy
l"-.~ rlo
o
81 o
2 X
2
1L od
(e} l-Nl £
l‘zl N
OE _IE
(54 )
S|,
:
1B

o
=
9
o
Ir
dn
|
i
S~
=
QL
2
(DA
= o
=
oZ
ftlo
4
H1
ﬂ014‘
rg
o

1

i
1o

(ENT
N
rlo

S~

c

o e
ﬂlés[‘é:(m
= (R 19
_—égg(blrlr
,l OE
mlm%l—nﬂél
RSNIE |

N =
aoﬂ]ﬁ{,ﬂ
- )
r{rrf>
i ox
OE_O‘U'{HFIF
oﬂmft
r{rﬂﬂi
ii
T

Of
rﬁ_g
it
-\1
0%4

O:
2
ng

et

2

e
2l
oM,
=2
oX
o 4
Jo
)
ofs
ol
ox

Mo 12 o
m o i
2 50w
Do Iz
r iU
S
,IOE
9
W
Erﬁﬁ
ol‘oﬁmgrlr
ooz
T o W odn o
o £ g
oo;fozﬁjtﬂ
r—'::tor‘g‘rﬂg
ggl-nmé{ﬂ
oﬁmﬂ‘gmz.l
g oo
;:zrﬁzm
K
1>,F}‘>‘HJE
AN =

2
i
ol
Jo
)
i
2
ol
£
ad
o,
=
ox
o
Jo
H
ol
rir
E
%9,
£
3%}
SS)



277} A7) A7t Q] 1 AAIRE 712 of
2] QkeiX)X) ISt} FRAACIAE £ASl] 2714
27 AMStE AR BotE) R AR Hol]
gzl 2714 eHE AAHTAEE SR 2o
o} g olch, o] QA Wako R wduA BhE o
SA|EES S ARET|9 ATt A EE &
QAT WO Aot Sol oA o] Al £12]
teHas), chopst Al AR, AARHEAS o 83t
27)0] 22308 AL A H31 glo] B Al

s371R0] 37]49) o] 7|theet,

W

Ok Lﬂi off i
Oﬁ: 02\:

;
g

_U'l
gk
rH

AN F2 AAlA Ap71ol4], olFol 4ot
P =g S5 dASA A = e
F8he A=zt Sk, A= 2
S SAIRE B AR
< T W AIEES ofAshd njA[Ede] o gol #F
< Zhe WSSt A S 54
2o &g 2 miAjeh Fepllo R whEold o] A
Ejo] ARGE|AL QITH34], TR ThE Alm2A] &
A Aot EE HAE R HjofstaL o
A2E)71 843 7 Wob FHFER T vhe 9F% wof| 8
Are] WAz e A2t sto] A ETE v WY
&= IQFE AL QI35
SeheE, sPo|ERA 52 GA|ZSAR] QXM RS 7]
AR Pl 1 ol WAL A ol A Wiu] A,
AA A o] WA S st mAldd 2
20| SR EQAT} WHEoiXIt). wAEt nfo]a=Ad §
2 TSt AAEEE ARSSIM EudS ARRA e R

NI

BN
N

J
o of ol

o
d
=)
nr
2
N
flo

T 5
s
il

o
o

Kim WS - Recent concepts of tissue engineering

7% % 4 gtk olg T o ojRolx B
gHSo] o] A5l Hul WA EAolt BiEeld Bk

o] 22| F sl AAIZEL] HHe 7AY Fwrt 5
Q3L AAZE| WA} 2o] FABIL ol FE 4= QA
SEe ZAEAo] glojof it wet3z Ak (B—trical—
cium phosphate), =412}13]4](hydroxyapatite) - A2}
oS et el ZHwAdo] qlo] we] thAER A4 <
gollAl ARSE|IL Qlet, PLA, PCL o] AX3] Eafiel= &
2o E3F 2235 o]§5A 07 ATE I 9= AR
tt, PCLE THE017] AR ofn] ulat A]Fejekato] 52l
gro} Qlibol] ARG AL ek, Aol A w222t A2z
kst A 4= glol A S e Bl ARy
TR 2, UER, 7191 AR & AESlEo] AR

SAEEE MES} JFRQ ool Fed = A

300 um ©Ae] thAde AU It glofof SRRk A28 w2

o o

-

I o] 4= Qlojof stz vt 34 AR o] A,
B 5o] Tasith & AlRhE o] 85k tha o] S
sto] Iy AR AR S8 A=E fAs17F ol
Y Aol AR&sE7 1ol Algte] Siot. ol EAIE siAst
7] 18l PLA®| slo]==Alot#Eto] E(hydroxyapatite) Lt
EPAE A B RS ARl shazf10], #Egt o
S 71AA =S 7L Sl Ale e w o) 2255k
ol @o] o-g-Htt.

W 2ol ARGElE AAIEEE TR AT 7AIA e=
aeajoF shA|Rk, Wil (hone morphogenetic pro—
tein) @2 FHEAIAIAE 2AZE Yol H7iste] 24
o S EUA Al2FroRA] wed] A4S AL
5= QA Wkt mggeh oo oA eHdAeIA-p1
(transforming growth factor—p1), AJ-FropAl| 22440 1A}—2
(fibroblast growth factor—2), 43§24 2 platelet

ZEZSto| 712 gt 2SS &

I=SF Al oj2fxat

[a]
o

151



J Korean Med Assoc 2014 February; 57(2): 145-154

derived growth factor) 5% H34& SXIA7]= 237t
UTHIL LA QUTH37]. AA| delA FHEe Al WA
ChilS ARSSHH £ a3t Qloks 34\01 SHEou 7t

¢

Zjo] ul-¢- B SYA R ARG EAE gheth AAIEE
TraE/MEE 23ske Tl 712 ];5 22 WA

S Aol A A=A g ek Aol o] 4] A7 A7}
*71]"'”: Y2 Sol7h 22 & 4 EokEd Alxe] 718E

Agslel wE A A2 4= Qlort ofelet AEE ol gt
#10] Aol Al A M) o] o] 4jgk AEAA fekal
2 Qo] ehBA = oba] B8 SriA1A) ekl 243t

Moz WE AYAZ 5 ke A AFEES R

AR ZREE ofgsto] wio] AETLAE Fos A7
& ke Aot 38
7.2

ATRAE T Akaet YYo= FH daolA it
of oJsf 7] wiizoll 2255k 7HoR AAYsE7]of Bla
2] golsto] Al ol o871 SpAITE oF2] 11 8-
DA AR, A8 = e WS 5ol s AYEA
oot Bz o AMgsh7lols dAVE Qv B dE Ad
O] oA AZHIEE o83t AR ofn] nl= 41E2
of= 0171~— 2o} *lﬁﬂﬂ 3}~ 1 Azuf ol e Azt

o] Hzow Al&ﬂﬂb QAL S
£ dzAlxz BaAA *Pﬂo}t AL E 6M94 1‘41°P°l g
T U Aolek, AsAlE=

M2z 8} 71 8-S Falste] AHPE Ezazuxuo] 7]_0}7] j
woll At AAIEE YAaile] Aasith, PLGA, PCL, 510
AL ek, Fepis o] 83 vt 4 Eens
RHE AjmSo] thRt 20 2AEEY nNTE R v
ol A AR, A AJEEkE o] el ARSIt AAIE
ol AlEES o] AlglaellA AFeiA| g o2 Aol 0148t
A, AAZERE ol FH 2AofA A7t AAIEEWR
A} 501 sk W T AN E=T] oA AlEZE o]
88 739 Ao B4l wiAlA o] ule- Fasich
A7 Aojrl 2

3t choR Hlo| o elolel2 ol g ate] ot

152 cistenEslx|

ABeo] Feat 54 ofsiel A& Fof AT u)

SHA| hEo] = Hrf oFd o] daErdlE S 4 ATH3L

8. LEI|A
QIYAL 9l ouﬂ

ThEof o]AAl7lE Al QIR 82 2HskA AP
311z S IEH40]. WEdAdE et Be=]
& ATHES F44 2AZE Alo] uist ok 1Al
oA Y g o] APEAL, g0l 4= Ak A
A SlThE Bat 9l o] A= 20099 Bl=y AlEe
o 26 QAT e] el oLt of ) U fEHAl AR
7ol ¥ W 57t Basich

19904 t) ZH} Vacanti BIAFElS] 817]2]0] 2] 58k7|H
AR PSS Bl Fe B 75 Ao

ohet AR A 7HIA EAN Ao Tl
AEPE saslor o 2 AR, T2t & e =
A3} %Q%OI e 27 NS 24Tt S8Ry

by
of]

B QA 8ol 3 T o S }a k. &
AN ES gmﬂﬂ AR AR 274

e %aaﬂ e s 5 gl

ORCID

Woo Seob Kim
http://orcid.org/0000-0002-4104-3926



REFERENCES

1.Rhie JW. Adipose-derived stem cells: characterization and
clinical application. ] Korean Med Assoc 2012;55:757-769.

2. Lee JH, Lee KH, Kim MH, Kim JP, Lee SJ, Yoon J. Possibility
of undifferentiated human thigh adipose stem cells diffe-
rentiating into functional hepatocytes. Arch Plast Surg 2012;
39:593-599.

3. Rodeheffer MS, Birsoy K, Friedman JM. Identification of
white adipocyte progenitor cells in vivo. Cell 2008;135:240-
249.

4. Kocher AA, Schuster MD, Szabolcs MJ, Takuma S, Burk-
hoff D, Wang J, Homma S, Edwards NM, Itescu S. Neovas-
cularization of ischemic myocardium by human bone-mar-
row-derived angioblasts prevents cardiomyocyte apoptosis,
reduces remodeling and improves cardiac function. Nat Med
2001;7:430-436.

5. Aziz Aly LA, Menoufy HE, Ragae A, Rashed LA, Sabry D.
Adipose stem cells as alternatives for bone marrow mesen-
chymal stem cells in oral ulcer healing. Int J Stem Cells 2012;
5:104-114.

6. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T,
Tomoda K, Yamanaka S. Induction of pluripotent stem cells
from adult human fibroblasts by defined factors. Cell 2007;
131:861-872.

7.Kang HJ, Kim JY, Lee HJ, Kim KH, Kim TY, Lee CS, Lee
HC, Park TH, Kim HS, Park YB. Magnetic bionanoparticle
enhances homing of endothelial progenitor cells in mouse
hindlimb ischemia. Korean Circ ] 2012;42:390-396.

8. Discher DE, Janmey P, Wang YL. Tissue cells feel and respond
to the stiffness of their substrate. Science 2005;310:1139-1143.

9. Castner DG, Ratner BD. Biomedical surface science: foun-
dations to frontiers. Surf Sci 2002;500:28-60.

10. Hoffman AS. Hydrogels for biomedical applications. Adv
Drug Deliv Rev 2002;54:3-12.

1

—

. Boudou T, Crouzier T, Ren K, Blin G, Picart C. Multiple func-
tionalities of polyelectrolyte multilayer films: new biomedical
applications. Adv Mater 2010;22:441-467.

12. Hollister SJ. Scaffold design and manufacturing: from concept
to clinic. Adv Mater 2009;21:3330-3342.

13. Cao Y, Mitchell G, Messina A, Price L, Thompson E, Pening-
ton A, Morrison W, O’Connor A, Stevens G, Cooper-White
J. The influence of architecture on degradation and tissue in-
growth into three-dimensional poly(lactic-co-glycolic acid)
scaffolds in vitro and in vivo. Biomaterials 2006;27:2854-2864.

14. Norotte C, Marga FS, Niklason LE, Forgacs G. Scaffold-free
vascular tissue engineering using bioprinting. Biomaterials
2009;30:5910-5917.

15. Vashi AV, Abberton KM, Thomas GP, Morrison WA, O’Con-
nor AJ, Cooper-White JJ, Thompson EW. Adipose tissue
engineering based on the controlled release of fibroblast
growth factor-2 in a collagen matrix. Tissue Eng 2006;12:
3035-3043.

Kim WS - Recent concepts of tissue engineering

16. Folkman J, Hochberg M. Self-regulation of growth in three
dimensions. ] Exp Med 1973;138:745-753.

17. Demarchez M, Hartmann DJ, Prunieras M. An immuno-
histological study of the revascularization process in human
skin transplanted onto the nude mouse. Transplantation
1987;43:896-903.

18. Khouri RK, Schlenz I, Murphy BJ, Baker TJ. Nonsurgical
breast enlargement using an external soft-tissue expansion
system. Plast Reconstr Surg 2000;105:2500-2512.

19. Kim H, Son D, Choi TH, Jung S, Kwon S, Kim ], Han K. Eva-
luation of an amniotic membrane-collagen dermal sub-stitute
in the management of full-thickness skin defects in a pig.
Arch Plast Surg 2013;40:11-18.

20. Kang BS, Na YC, Jin YW. Comparison of the wound healing
effect of cellulose and gelatin: an in vivo study. Arch Plast
Surg 2012;39:317-321.

21.Jeon H, Kim J, Yeo H, Jeong H, Son D, Han K. Treatment of
diabetic foot ulcer using matriderm in comparison with a
skin graft. Arch Plast Surg 2013;40:403-408.

22.Yang JD, Choi DS, Cho YK, Kim TK, Lee JW, Choi KY,
Chung HY, Cho BC, Byun JS. Effect of amniotic fluid stem
cells and amniotic fluid cells on the wound healing process in
a white rat model. Arch Plast Surg 2013;40:496-504.

23. Sung HM, Suh IS, Lee HB, Tak KS, Moon KM, Jung MS. Case
reports of adipose-derived stem cell therapy for nasal skin
necrosis after filler injection. Arch Plast Surg 2012;39:51-54.

24. Salibian AA, Widgerow AD, Abrouk M, Evans GR. Stem
cells in plastic surgery: a review of current clinical and trans-
lational applications. Arch Plast Surg 2013;40:666-675.

25. Choi J, Minn KW, Chang H. The efficacy and safety of plate-
let-rich plasma and adipose-derived stem cells: an update.
Arch Plast Surg 2012;39:585-592.

26.Stillaert F, Findlay M, Palmer J, Idrizi R, Cheang S, Messina A,
Abberton K, Morrison W, Thompson EW. Host rather than
graft origin of Matrigel-induced adipose tissue in the murine
tissue-engineering chamber. Tissue Eng 2007;13:2291-2300.

27. Min BH, Li TZ. Stem cells in musculoskeletal system for clini-
cal application. ] Korean Med Assoc 2011;54:491-501.

28.Kanno S, Oda N, Abe M, Saito S, Hori K, Handa Y, Tabaya-
shi K, Sato Y. Establishment of a simple and practical proce-
dure applicable to therapeutic angiogenesis. Circulation 1999;
99:2682-2687.

29. Dennis RG, Kosnik PE 2nd. Excitability and isometric con-
tractile properties of mammalian skeletal muscle constructs
engineered in vitro. In Vitro Cell Dev Biol Anim 2000;36:327-
335.

30. De Coppi P, Bellini S, Conconi MT, Sabatti M, Simonato
E, Gamba PG, Nussdorfer GG, Parnigotto PP. Myoblast-
acellular skeletal muscle matrix constructs guarantee a long-
term repair of experimental full-thickness abdominal wall
defects. Tissue Eng 2006;12:1929-1936.

31. Bellamkonda R, Aebischer P. Review: tissue engineering in
the nervous system. Biotechnol Bioeng 1994;43:543-554.

AEZalo] 7|pnt FHNSE U 04

153



J Korean Med Assoc 2014 February; 57(2): 145-154

32. Straley KS, Foo CW, Heilshorn SC. Biomaterial design strate- technology to cranio-maxillofacial surgery. Arch Plast Surg
gies for the treatment of spinal cord injuries. ] Neurotrauma 2012;39:309-316.
2010;27:1-19. . . .
39. Ohba S, Hojo H, Chung UL Current progress on tissue engi-
33. Yoo SJ, Kim ], Lee CS, Nam Y. Simple and novel three dimen- neering of bone and cartilage. Endocrinol Metab 2012;27:1-
sional neuronal cell culture using a micro mesh scaffold. Exp 11.

N biol 2011;20:110-115. . . ..
eurobio 40. Yoo JJ, Olson J, Atala A, Kim B. Regenerative medicine strat-

34. Hwang SJ, Kim SW, Choo SJ, Lee BW, Im IR, Yun HJ, Lee SK, egies for treating neurogenic bladder. Int Neurourol J 2011;
Song H, Cho WC, Lee JW. The decellularized vascular allo- 15:109-119.
graft as an experimental platform for developing a biocom-
patible small-diameter graft conduit in a rat surgical model.
Yonsei Med ] 2011;52:227-233.

35. Konig G, McAllister TN, Dusserre N, Garrido SA, Iyican C, Peer Reviewers’ Commentary
Marini A, Fiorillo A, Avila H, Wystrychowski W, Zagalski

K, Maruszewski M, Jones AL, Cierpka L, de la Fuente LM, 2 =29 MMM 7|30ILt At 5 AAHQE HElX, J7|5xo
L'Heureux N. Mechanical properties of completely auto- 2 BUNF|7| Yot AN EQ5 RXITEl0| 7=, &
logous human tissue engineered blood vessels compared to JP _ . rmato
human saphenous vein and mammary artery. Biomaterials LS X HOER0| TYo| tHat] AEer =20[ch. ZXSsto
2009;30:1542-1550. M|l JjHoZEE 242t0] ANQAQI M|, 7|Z-M|ZX|X|
36. Stosich MS, Moioli EK, Wu JK, Lee CH, Rohde C, Yoursef TE, FEAVY-BAZF0f| chst AMet S X2 St 227K
AM, Ascherman J, Diraddo R, Marion NW, Mao J]. Bioengi- AT T = 2 2T IS0 Chell MAIKS = 7=t =
neering strategies to generate vascularized soft tissue grafts st =7 =S 01”5 . = .
Sl IE 0|25t ZRIZEH HMA0| \|E S TRIZSH|A 2]
with sustained shape. Methods 2009;47:116-121. _ &7 = IS - e Ee | A & ZXS0IM
SRl CHEt SHZAE MAISIIC ol 3 2 SAKISO
37. Van Gaalen SM, Kruyt MC, Geuze RE, de Bruijn JD, Alblas J o= 3 _ _
g > g ’ ’ XEITEHO| 540t Ll 574 Hiot B 9 HIXHISES
Dhert WJ. Use of fluorochrome labels in in vivo bone tissue A __'o_' | 2ot S atfE ot HAGI0 M2 SHTHS A
engineering research. Tissue Eng Part B Rev 2010;16:209-217. AIE k= FollM 2lel7t U= ==0(2t EHEHEICE
38. Zhao L, Patel PK, Cohen M. Application of virtual surgical [Ma2]: HEIQS(]

planning with computer assisted design and manufacturing

154 cstelirEsix|



