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AEBTITZH ) TUHRL TR IELNHR. RNEFREHLAE —AFF LB E
R I A BRPIT(NIH) & K Bh, 2R T 4o T8 12 5] 5 S A 7 K A= KD 88
HRIMBAB T, RMNARAT R AN G INIE B BB A TR RAT R, MK B RF
B o, ARLLE . HNERALEF, F@ilefTBiEh RRGINEESE. &
4R E T 2t T 4ME BT mIa A4 R EMBRR BB EX TR “SBibE
4 % (topobiology)” #9AEAY, FEBH T F 40 it & 4o fT 38 14 46 4 M 69 1242 R A%, $ A4
EEBEOHE. Rk, RMNEZEL A KK —ZEIIRSEE ZE T4z T 48
FOOAT A 69 3% e b 50 TAR GG AT H . Ko kal, KAV TAEISA % AR, R E5ME
AN TALIF A2 g R B H S AE AT 5 A XA, It £ 4 5B B R BHRAT A

R 6 ILRE
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BE  BAEFRANBEAERBAGILEFAR. ZXARA T ETET BAEFZH
R A RAE AR, FvAIEAP 2 INIE & B 6T e e AT A A eIt — 9453t B —, e fTIRIER
Fimhe, NNBT QIEREIET @i, AT @itfeih F 0 % 5T @it KT 012, RS T AL it
FRALG RN, =, oA T miesb b AR Fo B, XE £ T BT e fbh BTG &K 4 0
AUk, FOAT B AR A ARR FINT T miedadb A i3 A VA BT SRS A 4 90 1
EREGISE, B =, Wi THF el R L =W E T EHARAN, FAREEKB DL AV, AT
FEALFBE R E 4ol T4 T ey &bk, g, o T EB TR AT FT@ite) AUt FTHALZL
AR IARNETZEL., ZXF S RN TR T ZL, R LERA FTHehn B e, ddattynm
A& 02 0 BB AR R, BATTT AL B A B A 2B 09 B R, R4 IR LA AR P A 0|, FHR 5

AT Ao KT L4 F mISHAEHR, A AR A RN T MR AR T 16 RE%.

KRR TN TR B B Bk

AR 22 2 L AL e 2 Ay >k T 2 A5
RF2E AT AT X2 RIIE TR0 B ) 2 1 5
R PR T fE K AR, shi) 2
Foge— @ WA= e il A w45 LAk 4k, DRI
A N T R R . WU AR R A
RO T A AR B LR A A AR R
A AR (), T T A A S e TR N 3 T4 2 2 R 5

o FES RIS, BGE BV AR AN SR BT KA
Wr G, e RAT @ AR . i H, e

e & P AWFITIT(NIH) % B3 H

ST o 9% B R I K003 B R 32, B R A s
Jitss TR B L VSRR SR T, B RERE
S0 e AT . Tel: 1-323-442-1296, E-mail: cmchuong@
usc.edu



304
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T AL — L BRI BB A P RIE
e AN RIS F D AR P K. 7,
TRATTIH B2 JERA B A BRAR 2 A 2 A0 A P o
(HEREE 5 o

1 NEVMBEIBEES

1.1 BEEFHMRFALNLAEZAEIER=MLRE
HAT, PR AR B 2E A 50 R N A A 2 i I = A

S, WA ER 41 g (obtaining stem cells) Jf-4fE

FF 40 MR A, BRI Pk (stemness); 25—, Wif] i

T M 5E 17 53 AT T T T ) S A AL S

Sf —

(differentiation and organization of stem cells); & —,
QAT 0 7 ) 2 A B RN B AR N A A
J3 K WA (] — 358 43 (delivery of stem cell products to
the host). ASOKE DLRZ KB R PR 9, 455 4 e A=
W2 R VR R A 8 B P AR A ST I B B 2, [
A T B 2 T AR A R IR, R R SR ) K
JE

M PR R B #f B R, 20 231 40 Jfd(specific-
tissue stem cell, TSC) & 2 =¥ kb T A ] {1 Hufr, B
A AR AE AT K 04, 186 40 M AR T
R I A= ) Ry A7 R 41 A (biological tissue architecture
and pattern), ‘& A1HE A ML )5 AEf% B A7 1R [l 58
RIEDRE, BRI — AT 2 P AR TRTFB,
H i C&AEImR B4 21BN . A7 289500
TR 5 EEAS R 40 R 53 AT S 11 R A T i 226 93k DK
+, T e < AR E 1K 22 K2 (dopamine) M K
o) B 2= (insulin)), T P 3 WA JIRIR) D 8 O T AN A
ST ILA SR, DRI, SR L6530 A1 LL e 2
Sy, T W EL RS HRDRE PR 45 A Y FE A
{HE, FELedl ZURNES 5 75 B 140 FAs By o 1 46 1)
JE XA e IEAAAT A D gel, 9 an je ik Bk M B8,
L TG B T R 1R 9 25 A1 2R, 4 G i R
R (EXLEDL N, B0 A Pk 752
TR A RIS IE T B 28 BB A, Al ax e [H
SE 50 5 18 AR S A E () D REIK R

M THT IS 18 1) 1 A2 B 2 1 32 R A7 ] JmT L
i, R EES Y, TR N A A R
st (R I BRI kAR, Hoh s — 2w BNy, A
28 H Ay L iR A SUE, DR, A T K
H AR ) TR AR R U AH L] . oA BRIV 2
AR TR AR PR PR N, BN A4 52 2140537, 154K

REBEIE A AP RIS OL T, KERSMEBEE S
TR BE I A ARG FEAE P 48

1.2 BARAPIMHARBERBEALUEE
B

TE WL EE MBIE ST H AR F o 25 AN [ 1 A= 40 14542
LG, WS I B A

5 —, & & (repair) Fll 7 4 (regeneration) /& 4 >
ANFER R . A9 an Bz T LR G B BB AMIE K52
BRI 2R 55 25 45 A1 2R AN 3R R B SR kS ok, 73 A2 )
SERENS e A I M DRk A 2L e o iR
(]2, an R FLR R 22 AR B R i, AEBI G
MBS 5 A RE IR B AR K (3R); 1BAE A T WK 5h )
o, WA PUSE AR S R R T — R B A e )
RE TR 1 o

S, PR AR ALEE AR B P AR AR A S R A
AL B AR IR A I R ), SRR 4] 1
A& SN LR 1) B A P AE R

9= AR R R A . K2
BNV P A RS AT 40 M G B, FERTE s 1 (H
FETK WS SR AE B W, AR A 5 A 4 e
Brombe, JFA T LG IE T BOH 40, LI R AR A
74 H 4l (morphallaxis).

S50, G F4H 14 5 T8 R i (primordia), - i3E
—WIE ST, R A TR 2 Py X
T ORAT AR PN 2 114l i (residential stem cell)i A %)
ARG AR, IX A 38 40 BN B 1R P A v mT BAL
By R AR WA A2 TN EA T4, 17F
AL, WA 5 40 i N 2= 434k (dedifferentiation) 1]
| & 5 g 742 (self-reprogramming) i F2, A i Jit i 4]
T, B R A2

DA FH A1 -1 K e ik 7172 R A

(1) “Jee 4R 1) F A e W BT R 1) A A
MG A B — A B . LA 7R T g A i
S T A K5 A R A T AR ) T R . A IR M
UG I6~12 hiN, 22 5 40 st 1m) 45 1 B Ao 7% O
Bk, M, SELEEMeIE Ll A
—FE, WIS BB T A th BB B 4 2R 98 i Rt
IRTE B, AH I, 45 26 21 23 1 1) 5 40 Pt 328 3 TE B 7
" IR % (regeneration blastema), [A] i 455 11 36 J7 1 3%
W T v b J% 1 (apical epidermal cap)”. X
T2l ZUAH BAE R, RLT AR & A0 IR 2 Tt i
(ectodermal apical ridge)5 34 5 [X 15 (progress zone)
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IR B AE ] o IR DU %2 281 — 26 YL 40 ffa A 3L A
gh A 230 O A ) 40 i, i B T i o
B 10 903 W T %, BB T B 45 45 A 2 1 A 40 i
(progenitor cells). 57 3 it n] DL & B i 26 41 g 1
S Y 10, )5 (heterochromatin) 2 i A4 H, T 10 G (4,5
(euchromatin), $& 7% iX L6 7y AR (1) 0 2F 41 i Je &8 i &
SRR e o LATT S AR, A X L8 f AR ik
AL, A5 R E T (limb bud)
—FE B IR 5t 20 2R 3L A0 i, 7 T R
WUA R A 452, H 4, f5cdlr Tanaka %8P 9T TR,
P ZEFTTE B S AL, Bl iRE . WL, B
MM s, el & 3 120 2, #2540 i
S HEH R, I3 E S R (lineage) . 1X—45
ok B Tl GFP IR 4 S R B ) (S A8 S 58

R, FRA I R B T T R e A A
A EAE LA, Ie T 24 12 5 . Satoh &5 K]
WS 7R, SRR ) B, W AE AN BRIA 14T
4k J5 IR B, PR BE 8 43 WA HY — PP FR i Newt
anterior protein(Nap) (1] K1, Nap¥t 1542 IR 28 1) 40 il
o3 2% FAT E R S, W R Nap Bt DR 36k 3] 1% 26 iy
AR ZE A 2R, P AR I R WU AT DL R = ph 22 (R
B R T

TEMCZF R R & IR, #J55l0) (anterior-posterior
axis) [ Hox-DFE K P 3¢ ; Uit 7] (proximal-distal
axis) i Hox-AJE N Y58« fE WG 2R N, Hox-A4>
B HOFS T L. Satoh%5 R I, Mo I HE PR E XA
IR AP EE A A, 0] AFS 3 Hox-A 1) 3R
Ko 7EL IS W 1 (retinoic acid)ib 3 5, Hox-A %
R ARG LU T o o AR () R TB e . ik — 28
IS 7R, MeisF1Prod 1 3L {5 | RS R 11 1 ¥iF,
T AR 1K e 53 22 B, WA i T A TGV IR T
R, LB PR (1 BE T I B 65 R R R T 1k, Tt b
S BT 7 A I FGF(fibroblast growth factor), W45 B
AL T e XS R LA HAE L, JE R P B
4 M) AT AE I B . AR, AR T
HOF BOE XA FHELLIZ .

B U AR e R I — e AR R .
WFST S 7, MG DT Fh T A2 I 36 1A Misxc 1 34 R, Mluneoka
S5 4y B S5 A T R B, SR Mise 1 R ke 2
23 5 30F A Ak O W BE P AR 1 BR ), Ahd BN,
BMP(bone morphogenesis protein)¢f I A5 -t AR
HE XM AR ERERTERT, XHA

RN OLRML PadiiE, B2 ) Lan R Ar = a4
Jet i I FR 4R, vl LA AR PR AR, (H S N SR IE N A,
IR Pl 2k T X Mg

TEW AL FR S PR AR B b, P32 40 O 1 e
S ARSI ) XL AR R 2 R
T4l ifd (pluripotent stem cell)= 4= fF), i 42 i 7] BLr=
A E SRR AR M= W2 5 —Fh
AT fE ME AR A R ) SR T ek B . 20114,
Rinkevich/E Weissmantff 57 = 5 F| ] B A 3% 15 3t
FEEFE R BRI T AR 4 Bl de gt 2 th 1 2140
Ja = AL U, X R S B T RRAT T — 2 T R 2]
P AL

Q)EK M A Wil LIS I AR R T — IR
55, FHXT A 1 AR R AR AR R IR . TEAR 220
W, BRFFAESILAAARE B DI, BENTE
AN TR) PR 25705 RIAN [ 1) B4 AR A7, e AT o T AN [
B, LS BIORME S8 A 5 | et e o

X FLFT A G ) P AR R AR A e R 1 B 22 (hair fol-
licle), & [fIKs 2R AL IAF B ()BT (hair shaft)
PR PR AR . AT &N, P et B 1)
JK G 5 VA R T ) B R A, A i
Tto55F MR I, 78 BB TR (EAR KT 1 cm)iH)
aa, A arh RIS A T LA R . XK
AR IE T AATHIHW S . BUEE B AR 2, 804 5 10
&SR T — AN TAHSE A Rl B - 45 il &
EREARTBER S UMt D @s, (HE7E
D3 R I, RIS T 61 8 249300 pmi, &5
Pt PR 7~ AT e ME LA w2, 45 H RO A AL e R4
A, A RER, ZFEBRTAENEEE), Brik
K (E1B).

XA NI, PR IX A o 2 2
TEBA AN S R R 0L BAR R A, X
YL T AU AR R ME g . X I AR T
WA A AL TRE RIS B AR A0 AR L4, A
ATIEAESS ) - 440 B = 2 B LA A 16 231 B

2 FRENTAARa e H T4

2.1 THRRRIREVE B A EF IR BA K
SN FH T 40 DA S A S I SR Il PR

I, S A AR R R 1R 40 P R RS ) 7L, 3K A

=AM AR AR SR TN A )

Py 5T 1) s 4 s 2T 40 i (specific-tissue
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Epidermis

“hew follicles )

A ISR I £ PSR IR FMR ) B AR BRUBR IR LR AT 1 ep e A BT A
A: time lapse photo of salamander limb regeneration'”’; B: neogenesis of hair follicles following large wounding of the mouse skin!'".
1 EYMRPHEE

Fig.1 Examples of regeneration in biological world

stem cell) Rl B4R +-41 i, — ek B e IR G Bk & Yamanaka 5! 2RKE 4 41 g (somatic cell)i% 14 T Bk
JLBUSN, B BA 2 10 4 1 e, G366 5140 (FISAC VR i T4l 1015 5P 22 RE T4l B (iPS) . AN
. %6 T4 il (bone marrow stromal stem cell). TSI PS ) 5 2 R A O P ) A8

Tt 18] 78 5T 48 fitd(mesenchymal stem cell)25(1%]2); 4 Yamanaka i) 41 Jfd 5 4 2 1) #5645
I E Y e M AR RE TR R T4l i, Hoh e A (OWFIHE T EYZ5iR, £H S 55

Blastula or

embryonic IPS
stem cell
Endoderm Mesoderm Ectoderm

l Blood Muscle Skeleton ¢
: !
oy v v '

Lung Liver Pancreas Gut Non-neural Neural
ectoderm ectoderm

|
v
Skin Hair Mammary Tooth
gland

De-differentiation reprogramming

Developmental programming

Regional specificity

Transdifferentiation reprogramming

B2 RELEREREHNELNT

Fig.2 Basic concepts of development and reprogramming



BRIEW]: B2 06 DR B BN ORI #2222 (R R 307

aH R AR A )& AP sk R, A AEE R
*#(bioinformatics) 1) 5 ¥ X % il A= HATpG #IL 52 1)
SCHRIEAT 23 #r, #k th dse A T B 73 I 5

QLA MBS AR, T H REE ik — M
H 5 B (reporter) K143 -, MR &5 15 B 6 20 RE A AR
PTG A% B (1) 25y, 075 B -4 50 1) 40
KIEAT I 1% -

() Hr () P $ 2 i ie 731 I L) g ST
(A0 R R JEAT I 1%, Ay BB R IR IR IR 7> T2 4, fig
AL 20 i B g A, R S AR IS

(D)TF AR I3 L H 1) 23 415 08 35 AH > 2 1
{5 731, MU PR & Aok 7)1 38— e, E— 0 kg
AR RE EATEI 1o

Gy XL EAFTHM oI EEA, A
RV % 1k 3 g A H 1) B> 11 43 - 41 5 (minimal
combination).

B, UL BRI R, — e B R AR
8 AN ASOW 52 B 70 A i R R TR, B DR fiis
T G M2 (1) 40 i o i 22 0 D g B A A, BAUE B 34y
38 BE A Ry B A P B A I PR O AR P RS
(in vivo verification)th 4& D20 1], JUIH &KX L4 fig
IR0 97 1, 75 F 0 2 D5 RN — A2 Rk
M. EgAETON ANRRIT T — D E
Adek: —J7m, EH BT ARG AR N 7 FisfE
(R i WU FIRE A g — 5T, A7 B T B i 2 48
TR RS IA B M E g R H K1)/, T
B PR R 22 B R 2 H s o

ARG FEZ R T4 L RE 8 i N R it 2t
AR, R SRR AT I R Y, D3RR
K2 . el PR, iPSAH LS I iGT41
MIASBER 45, AR AL ORI PS4l A 71k
KA LA BE 1 AR, IR =R (F)IPS 41 Hi 45
Ty 3t A A LT AN 25 5 1 A LA 2. T HL, iPS4H
MOTE e, BLARE AT D e R B AH AR, R 5 Mgt
A 22 ) G (0 4K H 64K 50 (genome-wide methylation
landscape) - ANAH ] in S W ast A% 27 P oA [+,
N FH T Rl g s J, 0T 2510 s AR T g s 2200
TX L ) JHAR A S EA T VRN IS
22 AMIFSSUHNERTRETAKAMBRERIE
B B KAl g%

SEEG AT, WIESRE R R L
SIS, ] DL BN S AL 2R ) AR, 0 an Bz

Joe B AR DG B AR B Sk R, XS R OR,
WER IS R I 5, A 0] e AZL 240 A B
MMM A, W AAT T #RIX P e AL,
AT L) FH skt s DU S o 0 2 A e AAT D85 2 ) 40 i
(F12). frid L1 SEs B P oih, E R R
MR PE P T RS SEE, LU Z 48 B o B
AT R YLI 15 3] TR S8, Yasugi®5 i
G553, W FK R B W R SRR, R R e
[i1] 78 5T (mesenchyme) AT 5 J5 4k £ 15 77, & K (1) 434k
#1M (phenotype) 2 ik H5  J¢ T [R) 78 52 (1 KU I UL,
ol an, Jiz FEORE T 8] 78 J5 e % 05 - B R N % T 1 B
B PR B % i T B 4 R F e 2

TEANIZ45 E, B0 8 24X K RE g 15 5
X AR H )4k 22 9 5T, Dhouailly 25 ) B S 46 &
7, e HIPL S IR (retinoic acid)ifs % f1 1< P B,
BB B A AR NIRRT ChenZ5E DR3P B 19 B2 R
7] 78 5t 5 B TR IR IR 45 5, Dl i 3 1 i
R A HH A i I BEAR &5 4 At [ ]41 HH B-catenin
7532 B R 1. MeKenzieZE ™) T 4E 7R,
BB TP AT RE R ) 40 AT DL A Ak A i 2 M i 4 i
o 28 JG. RichardsonZEUMI) Kt B 7 F, Sk (dermal
papillae) Fll & 3¢ 5L {7 5 4% o0 A R I DT 423 ifiL 8 A
MAPE TG, 1KLL BoR, H 0 IR e Pk vT e
W T30 % (1) N 25 e ) S BAT 35 A FH IR 18] 78 5 )
[HEPARLESR A

XSG BAR A N, (HEESEAN R i
4K, Yamanaka®5!" L4 F(Oct3/4. Sox2. Myc
DL R KI£4) 5 3 2R A G 40 U FRiPS, 7= 5057 Ft
XAF AT R, FH 2 E DR 26 508 4 i v 3 1)
JNEMSSR AT . KT FIPSIEORY TS, &4
ZHER, WARATE, (HIE 75 ) 27 B 40
BRI BRI RENE . XHEom AMTIA —E F 2 &
755 H AL G 140 Mo 191PS, 1 mT LA FH 4 R2 11
Ji B 25 A 7 % A [ A SRS 1 4 i LA P2 2 () 77
Bl TN AN D A

(1) S I B 5 2 B 381 Je 5% B A4 W E A
SRR P o g R A 2 7 PR A T TR A A
Jl, ZhouZF RO AT T S Mk JE . AT AR, AR
WA Btk &R (lineage) 5 A 230 1) 41 i K AT 1% 5%
eos LUA A 2y o 1 56, A AT TR 9k i 25 P4 L 1)
RGeS A0 i i S h Y AL TE 2F AR T Ok
A A B, IXAN R HPAx 18 R D). XA R L4k
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SRR, J R TR A 53 0 R AR 3 I B 25 TR N
WRAR I, 70X — 38 B R AT HVF 2 N5 G
KIBIE R, St AWME B 2F 0T, A1)k
1 100Nk 431, 13E— B 8E 304 m Bt 50 K1)
g3 1, AATTEC L T 3K 2855 1458 N8 B v R 1K) &
A B R HE LT 1R IE R T 1, ALFE LE g 5
LAY T IR, AR AEEO N I B T
o B, IR SRS DA I R R R o A, Ky
X 9N JE LA [ I S 07 0k 3] FRUBR AT A0 70 Wb 4 i 2 1A,
X3 T2 RE N B Tl ks b 3 1l 15 40 o 5 A% g
WA IR S BAT R . JE— 28 B4 BT A SR TR, B
i A3/ 49> F-(Neurog3. Pdx1A1Mafa)ths v DLIA 3
[FIRE B AL H ) o 42 T RAE S S5 P PR o,
W50 J2 2 T 32 R R 3 34 26 R 41 45 3R 08 21 B
ANAY A RE R, R BT HE L 20% 1 4H i 5 AR Ty BE s 4y
AT B 25 1P M«

(2) P\ S 4 4 i 380 0 JUL A8 i CL A R Atk
W9 4R W, 1] LA helix-loop-helix % 55 A1, 45l 4
MyoD, K4 B 4T 4EA g (fibroblast) 28 4 LR g . 7ECy
JUAE ZE 1 £ v, — S P 1) ) gl A 2 4000 UL 4
IR B 2T 2E A A, T BOIR, Ao 14) 1E S 4. ))
Uit B, DA G W T — g5k B g . g
RE A7 XX L0 20 i 4% 8 DR KR J 40 e 8 28, AL A Oy il 2T
YEANH, XHYRTT O VUEE 2 K 5 BURE 88 KA L3

SrivastavasiZ i 5 WA 1% N LK, B RE
B 4 T A Al M 2 A R o LA R TRI 23 7, 48R, AT
X T 53 B % RS R R B TR IR B IR
WA R 20104, AT S T 76 T8 B LA i i
(PSS 37 e Y B DU~ [V R TN P70 1 ik
N9 16 J [R] rh Hk ik 2134 I K (Gatad Mef2cH
Thx5), iX3AN LR () 7= W) GR A8 K b 2T 4 40 . A 7 Ay
O VLAH Y, 12 R R A B B A0 AT IE B, B 3X 34
5 AR 1A I R A B T O I R IR 1 )
AEo % L 2 S B I A ECAS O Ml 2T 24 4 i 1 et 2
IXLERF T E A T ORUR AT 4 40 R R X AL 4 T
AR S AT BT T 4 4 Mo 2 A2 kg Lo LA B«

(3) M HCET 4 41 Jif 21 fih 2 T DL BIF 0
[ — 1% 28 P 40 M PR 2 A, Kl B ORI A e 1
RINWEIT. Werniglf) 5256 % 7E20 104 H A= #1551
SEOTE ST S M REER AR £ 0T B R IR R T,
R T 19 ik &, IF¥ e AT TR 3 oot ik 1 1299 75
o AT TauEGFPAE b 3G 4T 4 20 B PR A 15 1A

Tauze 5P0E 0B WA S AR, DAL, o SR e
(A0 T 46 2208 Tau 5 R T I, i mT B s e AT 2
LR AL TC . N 194 fige 16 B Rt — A 50 B,
3N IEK (Ascll . Brn2. Mytl]) & LK I 2T 4 40 i
ez oo, HE, AN RENS % Taudik DR 1) 2
T 40 W A — 2w I 2 P 28 e, 19 20 0 40 Jf A 2
PRI IR S R IR, 3% 8 40 i fiE % 2 A B AT LA I
BETE 158 fii(synapse), FF L BE W6 X6 45 Fh 4 26 A o 5
PRZ B 28 R AE N, WoR BT RE Rk 1 (1 2 AR
1l 1 % A (channel protein).

8K, X LEE SRS A Z s e 5 18 E AL
B I FT B RN WS, (HANAT R, W3R 1
PR 0 AP o0 B A 40 i, S AR LS N TS
AL R, TE OB A DhRe 2 48, Rk
()2 W S R AP 22 T, e TR HE 55 JR T () ph 2 R 452
RAFEES o XLk 7 B85 R FE I8 7 o) o

(4) P\ FSCET A 240 i 380 24 JH 0 4 i D
R 1R S4B AR 2 U BH o 2 A5 5 16 40 i 7 A4 PN 1) 7542
Dife. 20114F, Fig A i BE A 50 Bt SR g s 30 =
LRI A T RS AN, A
JH I 22 A0 T A2 5 AT Dy e 1) JHE 40 2 7 AR B 2 )
R, JER e BRI ST B . %A1 B LA R FF 1) Ya-
manaka4fl il F1 425 7 4 A2 (1) BF SO, SEAT K 144
TEIFIIE & b 3R e s DR, R L N/ B i
(R BT A 4 i, P LK X 6 0 i A A% il AL I 1)
M. AT — 20 Do —a— 177 20, RGN
i H3Fh 4 5% [R -F(Gata4. Hnfl-alpha A Foxa3) A %
FEAR 7 LI LA s D s 5 A D Re r SR A
Y. XL s H B ) B EAS, JRREE R
KR S R DAL, (RTS8 PR P 5 A D e
2RI LA i RS R 380 JH IR R A AR Bl ke 2 ) e
ARG, 2 RIPET R 02 T . Kb
SR 4 B my LA W 1A, FER T fE

3 FISTHBREREMANRE
31 REZE: URKBFEAMARERITEE
AR

X LR LASh W 0 R 4% T P AR AR D WS A
R DR RIS S, R E HAR S AN, )
KAER, WHTEER, Fk i akes TR
SRIFERESS; 6=, T RREVEAEIE R G 0L M B
BE R AR, IR A, B =, RO R B
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BB, IR LR A% E AT LK 3 A B B A A EA 55
(R RZ AT EAS [R] (R 48 B R 2. i, SRR
B RSP R, AR WG B IRz HAN IR
HORE SN I s e gt ie g SR AR R A E NI ER S
WERE 22 e, MR B A BRI, AR B
TR, SEIe W) o TAEWE, SR LR 5

KEIBSAR R T — AN AL AL S A DL 57 % A
ANFESE B AR 2RI ) 28 B o IX L3R B I8t AN IR
J2 b AN e A BAE AR . AN ZAE T A
TR PR B A MR . FLIN A 6 TNAS .
XL F ARSI EZE AR OR, SR, Mk Sk B I
MABEEE, CATAE MR, HogH T4 T 5%
ANRIBAL KA R Tl RE, A 2044 A AN [F] 1 40 i
JREE, URI TR YD N A FAEE . [RFE &
W& N T W IR JZ 28 B, AT LLZR I T A R 2 el 7
AR X IIE S ~ /N K CL RN T TR 4%

TEATA —Fp AR JZ 28 5 (0 kAR R b, A DYAS
BB L m . sEBr b, 1K PUAS B B AT B 5t
B, (R A0 A B TR . (DB S
(inductive phase): St bR 1) HE— Xl g 5]
IR A R R A s (R A IR JE A8 B, B B IR
FE IR A B RN AR A A P QB A R AR
(morphogenesis phase): 71 I, 8% B I 2 77 A
g, % HATRE 2 KN RTES BI85 Gtk
f¥](differentiation phase): 4l f 734k, AN ik 4 2Ky
ST, BRI B A o 0 BT R IE T R
FUER I, BOE S WA A, W LR A Sy Bl
JIR 53 WA A Bl A5 o T A R AR SR 23 Ak S 22 ) I
HEAT; (4) 15 4 W (regenerative phase): [ Bt HAE 56
AN RS T R A FEARAT D nl LA A R A
2, BLFGHF S AN B 1) 5B sl o Be U 2R . AR LA
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A: a concept animal showing different possible types of (non-neural) ectodermal and endodermal organs'®; B: different gene networks lead to different

organs®; C: cell differentiation and reprogramming.
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Fig.3 Concepts of cell differentiation and reprogramming
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(A) (B)

Sebaceous gland
Hair bulge
lHner root sheath

~ Outer root sheath

7 Macro-environment
Dermal papilla

Plikus et al, Nature 2008; 451: 340

© ’/\

Exogen
(hair shedding)

Caé;e:\/ /

Late anagen

A AR ST AN MR AR BN s B: RIS AL C: B
KSR A IR B o

A: stem cell and TAC in epidermis; B: architecture and composition of

hair follicles; C: different hair cycle stages.
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Fig.4 Regeneration of skin epidermis and hair follicles™"
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A: architecture and composition of feather follicles; B: different forms
of feather morphology; C: stem cells in different types of feathers show
different topological configuration; D: concept of the river of stem cells.
It shows the morphology of an organ depends on the interaction between
stem cells and their niches.
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Fig.5 Complex feather morphology and the regulation of

stem cells by their micro-environments™'
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A: skin strip of a regenerative hair wave showing hair follicles at dif-
ferent cycling stages. The asynchronous expression of activators and
inhibitors are highlighted®; B: activity of hair stem cells is regulated by

micro- and extra-follicular macro-environment'®*),
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Fig.6 Regulation of hair stem cell activity by macro-

environment
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(A) Self organizing models
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An equilibrated status is achieved
©

Random mixture of
dJssocmted epidermal
and dermal cells
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l Epidermal sheet is formed

Epidermal sheet is
J ascending, dermal
condensations are formed
l Hair follicles form
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A: from homogeneous cell population, skin appendage primordia form

!

E

s

peridically based on reaction diffusion and other physical-chemical
processes; B: dissociated stem cells can reconstitute to form new skin.
The quality of new skin is good. Shapes are flexible and hair orientation
and arrangement are correct?”; C: schematic drawing showing the
processtl,
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Fig.7 Biological pattern formation and tissue engineering
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Using Integument Organ Paradigm to Explore the Basic Concept of

Regenerative Biology and Regenerative Medicine

Chuong Chengming*
(University of Southern California, Department of Pathology, CA 90033, USA)

Abstract Regenerative medicine is a newly developing medical field which has a huge potential.
Regenerative ability of many animals in nature can give some enlightenment to human beings whose regenerative
ability is limited. This paper discussed the regenerative medicine research in three key issues: first, how to
obtain stem cells. This part introduced embryonic stem cells, specific-tissue stem cell, available approach of
induced pluripotent stem cells with good developing prospects, and a number of successful examples for cell
reprogramming. Second, differentiation and organization of stem cells. It is required to understand the mechanism
of differentiation and morphogenesis of stem cells. By using the feather morphogenesis as a model, this paper
introduced the concept of stem cell topology and the mechanisms of micro-environmental of the stem cells
controlling the organ shape. Third, how to deliver the stem cell products to the host. Using regenerative hair waves
as an example, this study expounded how macro-environment could affect the regenerative activity of stem cells.
Finally, this review analyzed the significance of self-organization of stem cells to hair regeneration engineering
during organ morphogenesis. Many principles in the paper are not limited to the skin, but also apply to other
intracorporeal organs. By basic research of regenerative process of organisms, we can get inspiration from the way
of organism regeneration, gradually come to understand mechanisms of tissue repair and regeneration, and improve
the operative techniques for studying the stem cell in the molecular and cellular levels. Hopefully the research
achievement of stem cells will be applied to the clinical medicine in the near future.
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