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Biomaterials and Biocompatibility: Specification and Objectives
for the Future of the Regenerative Medicine

f&7T : Professor Williams (David F.Williams)
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Professor Williams (David F.Williams) &—{ir tH 5142 8V4H %% T
TREF AR » BEEE R TR » &R 400=HAT]
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WilliamsEi#2 R AP N B RBH T - 3 3= Wake Forest

Institute of Regenerative Medicine, Director of international affairs,
EHUBR BRI RS - BE2H0 - EHEARSHFTERZ RHVETE -
EBF 7 EmEIEChristiaan Barnard Department of Cardiothoracic
surgery ~ BUMERIRENT AR « B PEEEEASEESET - I -
WilliamsZ#2 /2 4= Bkl disiax i B HIBiomaterial sHYSR4RTE - S/
HrS B H Y HY S B4 4 TAZRA ST UL Y £ AE -

AHEE4EHE: http://www.wakehealth.edu/Research/WFIRM/Williams-
David-F.htm

Professor Williams (David F.Williams)
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The investigation of novel SNPs in Taiwan Country
Chicken using bioinformatics tools
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RS HRIBRERE MBI LA TN - KREHES T Ching-
Hwa Sung (REZE) 4 REF HRHEBINE 5B RER T
THHAEAASERT » Sungf@d-BEIFEAIAHIARHEK 2 2 5 BLR(bHY
B - REHHELBI=ER S S EaBRERE
2%’ FsRetinal microenvironment clinical relevance for RP and
AMD - F BN RE LRI % » B8 FThe cell biology of
vision and retinal degenerative diseases » &£ =GB A @& h s
ZoEqE 0 3% B Cilium, signaling, and cortical development -

BESN - AuAET &N H RN =B B R EE b
(NIH)AJChi-Hon Leefi+ » FE 1 A& h 7 38 s Assemble fly
visual circuit step by step - [EIFERMI/EFBRANGRHESEYE
HHEBEERT TFEEMFATER RIEL - PiHbiEbRTfEREE
Bt - BEREZHMNE L REREEMRIELABELZE L
Bl - SN EEERNEREL RS - ARG 3
12 FER RO HE T » FIFFIEERET » SRS mE
20 AT ERERN - BYMNEBEEREEMEEBIRZEE
WA FRKBENING RS - BEINEA BN EMR 2 &R -
EZIRFTEINRIER B 2 IR - S 2R EIRG 2 BB i i
waHEST - ERARER A RS LEE L ERFRFEGH A
TR o 48 > AT 2 BB FEYE 2 #
B REANFERE T HEEEE R B
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Patterns: A platform to integrate
multiple-discipline researches

SO ERIMER BN AR
R UEEE G

AREFHAEFOLN201IFENB =HEW 7T —H% 5
"Patterns: A platform to integrate multiple-discipline researches”
HIB ST e ot - AN PR AR ERES T 25EY
ZEHEE - B2 - VHEERISE > WA HEBEEAG w0
BEH 7B - DIFEERMSIIHE &R Fab e s
R (YR EE I R E T DS e BB SR AT
Fr AR BOREL R M ey - MR R YA — S E
HSREIFE—FEENOESIN T RS - €57
EW{EEST 97 5 EsFundamentals of patterns[A & Biological
pattern formation - EE—EVERT - HHEAER EFALE
m | EIERHBE L MORFZENEL T 55 [FI2 Ao Al Rt
Pattern formation and Morphogenesis; Mathematical modeling of
electrolytes with applications to ion channels&Systems biology
and the search of patterns in “omics” #E{T/H:E ; ML o
Al HBEB T EEFAL H R T EEEE » PSSR
EREZE KGR ST A2 A"/ 148Dots and stripes in
pigment pattern formation; Functional forms: Architectural
principles in designing feather rachis; Branching patterning in
lung&branching patterning in salivary gland - 1Ei815 €5 7 Hi
pattern formationEEHIFE A P ELE AL VIRS 1L 28 B HYARAE P AT
KHVRTE - BUEBRE BN RFU KA Eas ERVE SRS
ME - WERELEBAYRERE 2 T EEREARGE -



158 1F BARE - HUBE 57 5% 7 iéf pattern formation JiE {H & 2|
FRZHIH T - AR 2R IRA 0 JiE - e
1B~ TEREFNE R - EEEAFTEEpattern formation > FEIRE
HEEFEFETSHIINEEBRMEFRER - #8518
[E]RE T R ZPR [ EE pattern formationfV BRI » 40 FH P78
AT T EEEE N S ERTIRNNZE » AUESS - BiESHE
FUESHINE = R LS H0EEARETER | #EREYrre e
ERETFIER @ MR RERERSAERINETENIRS > &
AR IS A WIS RERIAIRE - W IFSRIEN e NEARE
WEAEESEEN T # - HEYEIREESHERE - o] BAHS
EEFEANER - AT S 2 EA EE RN BIRTER
BRI RENLRGEVEHR TR - S BETEE LT
A ERSNE R » IFEAREEARRE - HE 2 RE &)
HNERE HEANBRMERERES » HEFRERFE SN
e RE R ZEREE -

011FIH3H-FEE T aAREES RERME
KRR B M A SR Al 5
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Patterns: A platform to integrate multiple-discipline researches

Pattern formation is originally a physical process. Later in evolution, organisms
adopt these principles to generate diverse functional forms that help them adapt to the
environment. In order to engineer tissues properly in stem cell biology, we need to learn
these morphogenetic principles from developmental biology. Successful regenerative
medicine application will require such a holistic understanding based on systems biology
approach. This type of multiple-discipline collaboration will help us to achieve a higher
level of understanding in life process.

Section 1.

9-9:25 AM
9:25-9:50

9:50- 10:15

10:15- 10:30

Section 2.

10: 30-10:55

10: 55-11:20

11:20-11:45

11:45-12:10

12 © 10-12:25
12 : 30- 2:00

Fundamentals of patterns. B 2P TR
$E1FRH Pt Pattern formation and Morphogenesis
MR 257: Mathematical modeling of electrolytes with

applications to ion channels
TErEFES RET IFREN L Systems biology and the search of
patterns in “omics”
Discussion

Biological pattern formation. WEE) BT H.

FEE A WL (TR BB AR IEAE £ Dots and stripes
in pigment pattern formation

[t 38 8 +-/Functional forms: Architectural principles in designing

feather rachis

H(H4F. B&Ef/ Branching patterning in lung

i B2AMi/ branching patterning in salivary gland

Discussion

Lunch

P o8 B

IJDB: Pattern Formation Vol 53. Chuong and Richardson edit, 2009

A Forum by Research Center for Developmental Biology and Regenerative
Medicine, NTU.



Section 1:Fundamentals of patterns.
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Section 2:Biological pattern formation.
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On Growth, Pattern
Formation and Forms

B3
4 B HA YA (Growth and Forms)

FTEEAR 2 tH R — IRl - — R ANEEER R
HimepdifazEz AN » BT E SR 2% AR 838 ER -
BlanfEsFZi84H4: - EAFTEARBTENYE -

EEL  BRTIRAR SN  fEEHEEA — BB AE
RSB E - LS BN R RS - BREBERR
iR (shape) Bz (form) - E{EBEERERRLERK

(morphogenesis) > FIAIE/NGEE T - PR EAE » 75
Hifi g -R 2 T AT > NEFEEH 3 SZ (branching) JEEHT/INEE - B
{EmorphogenesistEIZ E R FEEEY 0 B2l TNER4E
YIEERETENSEI - 4R L - (M58 Fymorphogenesisig FHERITE
FE > RAMBIMIHREE T EYY3E J1& (biophysical force ) Ay
ENAE - EERER M SEREEA  RPIDEE TR
morphogenesistY281E » HLELE T AU o B S

(structure) EHIERAHIETZERAN= ~ TW-HERTFEE ZFTRVE
R R EIE—IR - FINERAEE R 25 HiiEERZE A
4HAE - REAEEAAEIEE] - EAME 1% - HRIFOARETIE
%E » U S RER R M ARREERE IR A5 —F

5 H 0 A A Hmatrixfk B4R EE RS L &
—{EE BN E LM EREE - A48 @ ZXERENE
—PEFZ FematrixgE U - LA RT 0 RLEERAEEEE
ZEmorphogenesis:E4Hil H C BB E S B IER



201047 H10H &8 KRB IF A RIIRBNE S ALY E A
BREIHT L B O THEHRLE “morphogenesis” FEES
EYMEE R A YIYIEENEE 2K BRI morphogenesistV B 4D » B
T AR R AR ST R S8 2 -

FE20H 4T F) B2 B A P22 52 D'Arcy Thompsongifs iz ETE R
WRZEM R KIS - MEEFEAIELEmorphogenesisE £
EEANR - {57 « BFAEEE RPN E ST - EEEF
S SR B TR IR - P EE—N
518 (Numerical precision is the very soul of science, and its
attainment affords the best, perhaps the only criterion of the truth
and theories and the correctness of experiments)

e ) ONGROWTH

The Complete Revised Edition

DArcy Wentworth Thompson
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S G 2 DArcy ThompsonziE 4= 1505 - 2% R VR4 MNER B
MR » EMEEIRAVEEZE “On Growth and Form” —&
o fit R FRRE TP RRAE ¢ (morphogenesis) HYRAN @ 585
FEREBGELEEVE R ERIEE (form) 5 - FIH
AT o peteE B A-RaViEe - e S E DL AR
A 2R SE MR R AR A S T L% #E (Form should be
studied in the context of growth and to explain shape it was
essential to understand the underlying mechanisms ) - T4
Bt ER POl - £V YR M EEEE R
122 @i I ALV E A BRI AEREME (Biological forms are
the result of mechanical and physical processes that should be
described with mathematical precision ) -

B NEE B IBIE FRYE 4K (pattern formation) BAAHAE Y
1{E (cellular differentiation ) 74 FEMCEZ X H » HIEFE
& RESZEANFZEHFRAER - —hHEERBERER
TABEAH AT R ERERY = AT S 3D & B B S E R E B 0 T 1E
Fr FEEERE S - HIE3DH=3E K E & EEE G BERY2DRIA
JiFBRIASE » AT AR AR R B R RE SR AR 20 L& T
i E] PASE A s Ee PR -



RS » BETPVHEHSERERIFIEFELE R (anisotropic
growth) ZRZZ[LREARK (morphogenesis) tELZ4HEEAIE
J7 FAETRIEIE—3 > A REZENE ENERETIER - HEF]
anisotropic growthy 75 —f& & SF—E 7 EHEHIIMRAHE
TP IR E N ELSTEAR (External mechanical forces mould the
final organ form) - {HE#YIN T EBERRECEFAHS » Bl &
w=EE (growth substrate ) ¥FI2EAMANE T-32 H = 00 MR
N 2 4HREE 78377 (shear force ) 55 2RI EGE
2y BHAEHERNEET] - BEfEEEs EMERM s £ 1T A

( Shape formation can be inherent to the collective behavior of
the individual cells comprising the organ ) ([E1) -

Growth
Anisotropic growth Isotropic growth
Extrinsic mechanism Intrinsic mechanism
Non-directional directional
Non-uniform Mon-uniform migration oriented cell
proliferation rate cell size Gt

Bl : 4HFE4 R 53895% (isotropic) (E&THNEREHEE) KIEEE
(anisotropic) (fEFLERFETTHIFVAEREZ ) - anisotropic growth 38Rl
(extrinsic mechanism) EAE#E] (internal mechanism) ; g ERAINMIME
B - BEBRIREIER M (non-directional ) K J5aMdirectional ifE#H] - IE
77 SR RAH SN A EE 5 Huproliferation rate R [EIE(R4HEE A S ELHAA/NYAR
gﬁﬁﬁz s 77 [ MR AR R 4lREA 5 e MRV 8% (migration ) 5433 (division) Fi



BT fE#EFmorphogenesist Gl VR EEEE > B FHIBIF 5L
AR E - BRI AR E BRI S 2 H /)
/NFEREELE (limb bud) AEpK o AEWIELElimb budiE HERHL
HFRTE4HREgER - SME—f8SMNE/E4HHE - fElimb buddyi&ly > 4h
@=L AER (apical ectoderm ridge) ° BE€4rihdHpEIsNRGE »
Y5 H2FGF (Fibroblast Growth Factor) FIEHIEL S > KGR
RHAERELER] (Patterning) - FERBAE KRB L% » FiSIE
%2 HiR ResH&: F e Eint & @ BiER  tileEE &
FEFEE — 4T 5 ARV RN FERT — 1R B — = /7 [HHYBE N -
gg};g%ﬁ&%ﬁ%#ﬁ%&éé (anisotropic growth ) —{l&&x

S ﬂ% o

R AERZETERSRHIARR - (RELEE T “growth-based
morphogenesis” HfER > Tl BERASHYE — ITHlE —(EH
FEERAMEE (a gradient of proliferation rate) ° 52— 5
[ MEHIES] (non-directional) - B R AS R ImAHAHHI S 7E 28
RIEEWA0EREA SFEA B E B A AR TE 2
A ERE ] fEEREBINAE R » MEESEEE RRER—
B4 o M HV4SEm 2 growth-based morphogenesisTi] DLf#FE
R4 R - BEMEHTAREDR - REEHEXEZ W
%Tﬁ[’tﬂ‘fﬁkﬂ’%‘%fﬁﬂﬁ,@%ﬂ\ﬁ BRI 2 FRT SN BB ZZAT



¢ #I1EPLOS BiologyHy—fR & 3L H'BoehmZE \ DAG#HIE

B S sk i Emgrowth-based morphenesis © {58 D'Arcy
Tﬁl}ompsonﬁ’ﬂ%ﬁﬂ » (B N =R AR T RIFTR A RIS
H e

1./ FH & ETHYOPT ( Optical Projection Tomography ) iR E 4
AR H BN ST E3D 5 » HILESE—(Ein silicoty
limb bud > 7] DR ZRAE Al iz fEmorphogenesisHYE S

2. 1T 2 S MRV UC SR B TE 2R K AR 8 MG ARV R B4
M RE VRS - SR EREZK > B[ DASElimb bud 3DHYHY
FEIRAR o
3.2 17—{E3DHJcomputer model RAEFEAT HIFEHIETEZEER T > H
OPTSARHVE RSB RS £ & -

fEBoehmFrZERVIE(E - BERAAE 77 E&Y27,0001EAH 2EHY

VO 58/ NBR » FB 2 By “finite element” - £ IEEfinite
elementHYRGTERIE B RAVIER R S I & AL B AV JE 28
R o Mt A BB RS 5 A — (B BE R G VR E R RS
(incompressible viscid fluid ) 1 7] DAF] i SJ2ay R A »
WP RIS A A AR E 2R AR AR TR RIS T E VB AR BB

( %g;ctorv) ' IR RE L L E R RS R EEE AR IR b — 1 =Ry
TEREME o



Boehm<F N 152 LU N HY&SRR:

1.5 Enss 2 HEE: “growth-based morphogenesis” &
morphogenesisiy T EERE) /] » MR A = Y ARG S
TERME S TGS » (HIEE A B DB B R TR -
2.8 24 MERER RS [RIHV ARG FE 2822 - Boehm&E3  Higm L
JEH FITEREE] (non-directional mechanism ) T DLE4E Y Fa/ITE
iR A aEESEBEVARE ERAO R IR VNS — 20 RETHIER
AAE > AR ERSE 10%VAHE MR/ NSFE T » [ERFES
HEBE (820%) HAHE » FRATHIEIEAHEEZE Alimb bud >
WSt A B4R IR SR BV A A 2B o

i » BoehmZE AN A2 E(EIETT FMERVIRR] > A
ff4Elimb budHY[E)E 4H 4% 2% H filopodia extension DA &7 MRS
HEA B EERZE - ERUNFE T BN G AT E
RE{T & (directional-anisotropic-cell behavior) 2GS Faffoik
B O BEffE -

R EEERER STEH T £ EmorphogenesisHy T &
F7 e ME&E] (active directional mechanism ) - 7F2D4E 43R40
epithelial sheett 5JH{LIHV4E - FESTIENE © diiEo3H
77 AR wing disc & B EE AR B A H A
& - BEESHE NI —IRETE RS P& E AN - FRE
TS OMEERBE 7 (A A VAR T R a ] R A HY 4 = » Boehm
HAERIFEET © i20]fE45 &2 —Ff& convergence-extension-likei
BMIEE R T ENREBIRtLE) - ZEF SN EEREBEME
AIAHRERVRZENERTR » B R EB BRI h SR e R e -



fEi#=morphogenesis & %5 FHHE J7 [AIMEES] > ATERIES [
JTAMEREFERE (cue) FEATMZR ? #Elimb bud  H 424 57
MERVERE. (secreted signals ) @ EEE (gradient) ZREFHELE
RER - BERE ST Y W0 E4S T AR EiRx e
(polarity) - AiEiEttmorphogenfEanisotropic cell behaviorfy
{ER > BIA05 1A MRV NGBS - HEIROA RENER -
TERCREA » THoER © BAURYFGFAZRIR &k 5 (8 4HREHY 2 15
gf) - RILIEAERE A HIFGFAT] sE A A T R MET R » B8
7‘ JRIGIETE K (gastrulation) HGFGFEES (MBS HIEIZZEME
F » B=FGFHYTalpid 3 mutantZEiLfG - HAMEERERFLER
Boehm¥ i/ D 75 ey M AHREE B TEUHIE S  Talpid 3 mutant{f7i
= BIRC RS RI& 4 = FHYSonic Hedgehog (Shh)zR S - RtEShh
=MUE ] RE W EALHAE R 7 R T AR R o

24N > AR R BE . ZEE planar cell polarity (PCP) pathwayHy
A ERIES T E, - PCPEH S Eireorganizing epithelial packing
geometry (FUIEETHERYEE S ) BHconvergent extension
movement &5 HRE o WFCRURPCPE & B HIAIET T RHY T A
M= B =E M cell prolongation, junction remodellingEX, 43~
Bil[A] o 75 LanisotropiciBiE & AN S AN ERENHYIRM 18 4
I > R E ] gE B & Hjuncional=cytoskeleton component (&
I - PCPAEM A ER AR A RAVATEREH » {HE/DPCPERFEEY
WntSaify EFEEE A YE RIS - (RIEEARRERY )7 SR 2 & H
ﬁﬁﬂggﬁﬁﬁéﬂéﬁﬁ?ﬂE@Kﬁ%ﬁ‘fﬁiﬁ@%ﬁéﬁﬂ’ﬂ%ﬂ@ﬂ%\
| TR -

BIMS 2 » 7 MR EBNBI0AE 5 H R R EERS
B R HELE 25 EHYmorphogenesist/ERHSEATA T o A @B/
THRE T ERE S TR LA Fanisotropic cell behavior Bl i A 75
M -
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(Understanding biological spatial patterns through
Reaction-Diffusion Model)

N REE R LNE S S i
:7 ~ Prof. Shigeru Kondo ~ 1§ (g §* % 7
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—+—1H42 g E gene expression microarray[ii tHHVIHE > 4
Yies A e E A DUR T BE TR Bl LLfE deductionS A system >
TR YR E N Enetwork » (RSS2 SERSE > N5&
B IEFEBORRE » &b HAIEE T3 B fEHE K HIcomplex
network o 2R & gene expression microarrayF; i Al EN » Z&E
4 T I ARHER database t #1215 H A P HIET (bio-
signature) > (HIIB 2R E & HnetworkEsystemN E [
H - gene expression micro array” 1% X A & % HJhigh throughput
T.E. > 4lproteomics, microRNA, metabolomef[E4g 3 » &SR
microarrayfE AR i » K2k F—LEcandidate geneE{;
biosignatureis tisignature/F{E1E B A cohortE ETE AR »
{HHA T cohortFR S5 ERllsR T ° AXF-FHEH - AAIPIERS T3
IH BN B FE 7% micro RNA signature @ I 524 i@ signaturetd »
%ﬁmlcro RNAZRIREHY b BN I EIEEAITZR - AR TR
e > MHTHTEE Rz N RIZE” - 2011 53 B @ aF AP
@E’JProf Shigeru Kondo BLILER-EM 7" H R FEHRRUE = 1 /R4
Yzl 0ERE" - UM EEREAA:

RHEEZIE T f#Enetwork 2 system 77 [H - ELME 54 FH B R
ot - BEA P AR 0 F—FEEHEE (computational
approach) : FFXEMETENUER » ABRHER

(computation ) i n] DI ZZFT REVEER » 55 21EH]
A FHREHEAEEZ (simple modeling ) ZH&4HET » LLZ R
FAETIES o



T B MEEEES . i IR A EFMERE AR
AMER LRTE RN EENSS > flE—4iE-hay s
s - ek E SIS KIEEE - thE ] DIHeE R £
HIAE - 1538 /5 E19504F-Alan Turing2% & HJReaction-- diffusion
model (RD)E 2B H ° KRS 1] LA AR e B R 2= o =X
( spatial pattern) #1{a] H B4R -

FERD modelF Turing Dl —(EE S W2 EEE » LG

YE FIHV S B RS 2SRRI G YT U Al (pattern formation)fs
W 7 H BRI — R AT D H Bt E 4 22 R - RD model
I HRMENEESIA T KIE (reaction) HIBEE - KFER DAE
4ligand (7RElmorphogen) - S FE"HISEERI{E IR

(diffusion) 7E{EA & HEFRIAREN G HYprepatterningZR 2 {it
fr&E&:R (positional information) - RiEF T “NIE"HISE
RIE—RE AR EA 1 FprepatternFisE FEE 4= A [F]patternHfE
Turing/E 2§ 7%RD model R A 281 » NEBENSIRERSEIL—
B AME T DRI AEZR = (biological spatial
patterns) - BE1& XA LEERTHAEHER - BEEER B
TuringdfYEAE S .5 2 “The mutual interactions of elements
results in spontaneous pattern formation” > HEijRD modelf /&Y
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